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Address of Welcome

D. J. MCALEXANDER

Ladies and gentlemen, visitors from other states, friends and co-
workers in the industry — it is my privilege this morning to extend to you
a most warm and hearty welcome to this our third annual Horticulture
Institute. Your presence here is an indication of your sincere interest.
I trust that your attendance of these meetings will be both instructive and
enjoyed.

It has been my observation and experience that, as the years roll
by and as we surmount obstacles one by one, and solve the problem at
hand, there in front of us is another challenging perplexity. This is prob-
ably as it should be. I think no one of us even expects to be able to attain
here, that goal of perfection in which there are no more problems to face
nor challenging issues to goad our spirits and energies into doing bigger
and better things. .

We must never let up. We must ever be alert. Why? — I believe it
was Emerson who wrote: “Nature makes fifty poor melons for one that is
good, and shakes down a tree full of gnarled, wormy, unripe crabs, before
woc can find a dozen dessert apples — Nature works very hard, and only

its the white once in a million throws.”

We agree to that, but when hard times with low prices begin to con-
front us, we complain about the cost of research. Listen! — Bad times
have a scientific value. These are occasions a good learner would not miss.
We learn geology the morning after the earthquake, on ghastly diagrams
of cloven mountains, upheaved plains, and the dry bed of the sea.

So we have once again assembled to exchange viewpoints, to weigh
matter and theory, to see new developments, and to press onward together.

During this brief short course we will attempt to bring to your at-
tention the present status of certain developments in scientific research,
progress reports of agricultural projects, suggestions from men with “know-
how,” and timely tips from your fellow workers. The first two days are
given over to the presentation of papers and subject matter. The third day
is to be spent in the field where you may see and feel the thing you have
heard about. You will especially enjoy the field day for it is planned for
your pleasure.

But before we undertake the scheduled program I want to publicly
express my appreciation to those busy men who have come from distant
states to take part in this institute; and to those of the Valley who have
so untiringly worked and made this program a reality. To .the staff of
the A & I Training Center, we are indebted for the use of their buildings
and facilities. To Texas A & M College and its staff of agriculture work-
ers we are thankful, for they are always interested and helpful and willing
to serve when called upon. And to many others who have worked hard to
make this short course a success.

Finally, may I again welcome each and every one of you, a,_wwm:m
that you will enjoy the time spent with us and that you may be enriched
with knowledge and information.
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General Aspects of Drainage and Irrigation
in the Lower Rio Grande Valley of Texas
By
Morris E. BLOODWORTH
Agricultural Engineer

Texas Agricultural Experiment Station
Weslaco, Texas

3 h. a native of Texas, was graduated b‘on.u Texas
WP%.%FOA%HMMM :.u 1941. He has been >mdnc_€qm._ Engineer at
Seguin, Raymondyville, and Mission, Texas. At Mission he worked
as Drainage and Irrigation Engineer. Since 1948 Sm.wmw been
the Drainage and Irrigation Engineer for the Lower Rio Grande
Valley Experiment Station at Weslaco.

The historical beginning of irrigation agriculture dates back to the
first days of Man and may be found in the Bible. It states as follows:
“and a river went out of Eden to water the garden; and from thence it
was parted, and became into four heads.” (Genesis m".uov. From »r.a.:
can be seen that irrigation has always had a place in agriculture, and is as
old as history itself.

Many references may be found where irrigation was practiced by
the ancient Babylonians, Egyptians, Indians, Chinese, Romans m.::.m early
Spanish settlers in the New World. As early as 2300 B. C. found irrigation
laws in effect and probably not too different from those of today in
meaning,. .

The early Spanish explorers found Indians in New Mexico diverting
water from the Rio Grande river for irrigation of corn. Even though irri-
gation practices are ancient in the Southwest, it has been only a short
while ago, in time comparisons, that mm<&ow5ms~ started in this section.

The main development of the Lower Rio Grande Valley began in
1749, when Jose de Escandon founded Reynosa, Mexico. He and other
early Spanish settlers foresaw the wonderful possibilities omm:mm .U< .ﬂrm
Rio Grande delta area, from the standpoint of soil fertility and irrigation,
but were unable to utilize the land and water resources due to lack of
means at their disposal. The early settlers had the problems of drouths,
floods and distant markets for their products. In spite of these hardships,
expansion of settlements was made toward the Gulf of Mexico on both
sides of the river. m

The Lower Rio Grande Valley is located at the southern tip o
Texas. It is bordered on the East by the Gulf of Mexico, and on the South
by the Rio Grande River, which forms the International Boundary between
the United States and Mexico. It is composed of three counties, Willacy,
Cameron, and Hidalgo, that covers an area of wwvnoEB.mam; Hbmmvom»»o
acres, or 3,056 square miles. The Valley boasted a population of 74,772 in
1920. The present population is estimated to exceed 268,000.

The topography is flat to undulating with elevations varying from
approximately Wwwgn at Raymondville and Brownsville, 75 feet in the
Mid-Valley near Weslaco, to 140 feet at Mission. Higher elevations are
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common west and north of Mission toward Starr County. However, much
of the land is flat, with a large portion having slopes of 6 inches fall per
mile. As a result, natural drainage channels are practically non-existent.
This adds greatly to the drainage problem. Man-made floodways have
been constructed during recent years and relieved many of the overflow
hazards of the past.

The climate of the Valley may be classed as semi-tropical in nature
with almost a year-long growing season. The rainfall is very erratic at
times and varies from approximately 30 inches at Brownsville to 26 inches
at Raymondville on the north, and 18 inches west of Mission. Evaporation
for this same area averages 50 to 60 inches per year.

Our soils that are found on the gentle to steeper slopes may be
classified as sandier types such as: Brennan, Delfina, Delmita, and Willacy
series. The soils commonly found along the Rio Grande, Arroyo Colorado
and low areas are clay loam to heavy clay types. The series commonly
found are: Hidalgo, Harlingen, Cameron, Laredo, and Raymondville. In
some localities the soil and sub-soil may be tight and impervious, causing
a restricted flow of water laterally or downward. In other areas, the soils
may allow a free movement of water downward for several feet until an
impervious clay layer is reached. When this occurs, a drainage problem
is usually found since water is added at a faster rate through irrigation
and rainfall than will penetrate the impervious layers and percolate to
lower strata.

For crop and citrus production, there are approximately 1,000,000
acres of land in the Valley. Of this area approximately 552,000 acres are
irrigated. The principal agricultural enterprises in order of acres planted
and returns received are: cotton (600,000 acres — 321,000 bales — $60,-
000,000), vegetables (200,000 acres) and citrus (160,000 acres — 11,500,
000 trees — 2 to 1 ratio for grapefruit over oranges).

Irrigation on any sizeable scale had its start in the Rio Grande Valley
about 1876, when the first large scale plantings of sugar-cane were made
around Brownsville and San Benito. Most of the plantings were made on
the heavier soils and water was obtained from the Rio Grande River and
resacas. This proved to be costly because the problems of salinity and
water tables began to occur. In 1920, rice was started on a large scale
but met the same fate as did sugar cane. In spite of these and other set-
backs, the Valley has progressed rapidly in its irrigation enterprises. To-
day as mentioned previously, an acreage in excess of 552,000 acres is
under irrigation.

Our water supply is obtained in most part from the Rio Grande River
and is considered to be good water for irrigation purposes. By “good
water” is meant that the total soluble salts are relatively low and are not
too excessive for our soils. During the past few years, many wells have
been drilled in the area north and northwest of Edinburg and east of this
section to furnish water for lands that are not in irrigation districts. These
areas have grown considerably and cannot be overlooked from the stand-
point of additional problem areas. Some of these wells have water of gbod
mcw:&& but many are doubtful and may result in lowered crop production

uring the coming years.
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Land use is a subject within itself, and only a small amount of time
can be given to it now. It is believed that much of our Valey land has
been mis-used from the standpoint of cropping. Many acres are oc_aémwmv
planted to citvus, and irrigated, that should actually be in pasture. Irriga-
tion always introduces a Tazard to maintenance of soil productivity and
accelerates deterioration at a rapid rate. With the present shortage of
water that is still facing us, it is necessary that we utilize every drop of
available water and apply it to land that is best suited and adapted to the
crops that are growing on it. In other words, let us plan to utilize our
basic Valley resource — the soil — to the utmost by placing it in its proper
classification and using it accordingly.

Even though we strive for and obtain proper land use for our irri-
gated lands, peak efficiency is not and cannot be obtained until the best
methods and systems of irrigation and water distribution are installed on
cach area of land. All of our methods and systems of irrigation used in the
Valley need to be studied from the standpoint of research, to determine
which are best suited for certain soil types, slopes, crops to be irrigated,
prevention of run-off, erosion, etc. This will involve many and varied per-
sonnel such as engineers, soil technicians, horticulturists, agronomists, and
others who will be directly connected with the work involved. Probably
the most important persons of all will.be the people, like yourself, who
are willing to cooperate in the improvement and advancement of a con-
servation and research program of this nature. Research along these lines
is destined to play a very important role in the future prosperity of the
Lower Rio Grande Valley.

The future of an economically sound irrigation program for the
Valley will depend, to a great extent, upon the following:

Ample source and supply of irrigation water.

Proper land use.

Maintenance of soil productivity and fertility,

by addition of organic matter.

Better planned cropping systems and rotations

to fit available water allotment or supply.

5. Proper irrigation land preparation.

6. Proper amounts of water application and distribution
on land.

7. Proper surface and sub-surface drainage system.

The drainage problem that is present now in the Valley is one of long
standing. It has not arisen over night, nor will it leave over such a short
period. From all the information that 1 have been able to obtain, the
drainage problem started with or very shortly after, the installation of the
first major irrigation project on sugar cane in the Brownsville area during
1876.

The alkali or salinity problems became rather serious around 1900.
At this time, people from the lower end of the Valley requested assistance
from the U. S. Department of Agriculture, and several drainage engineers
were sent to this area. Surveys were made and several systems of sub-
surface tile were installed in 1910-12 that are functioning today.

@ 10 b
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Drainage work has been carried on from these dates

but it has just been in recent years that such state and mmmo_n.m_awmmommwwwww
the State womnm of Water Engineers, U. S. Geological Survey, U. S. Bureau
mm. Reclamation and U. S. Soil Conservation Service have been able to
initiate a program of operations in the Valley. Now, we of the Texas Agri-
cultural Experiment Station and Soil Conservation Service Research
Division of Irrigation, will be in a position to cooperate and obtain basic
and research information along the lines of irrigation and drainage that
will be very useful to the action agencies in their work with the population
of this section. P

Drainage and irrigation problems are so closely related, that it is
very difficult to even attempt to separate them for discussion purposes. In
fact, they must be considered as inseparable companions and treated ac-
cordingly. There have been many discussions as to the cause of our present
Valley drainage situation, but all seem to arrive at the same conclusions
They are generally as follows: .

1. Excessive application of irrigation water and
lack of land preparation for water distribution.

o

Heavy rainstorms and hurricanes.
3. Poor surface drainage system.
a. Ditches too shallow.

b. Heavy vegetative growth in ditches
preventing flow of water.

4. Soils of low permeabilities.

From the above named causes, it may be seen that m
ably contributed more to the present <m=mvw\ drainage mnov_wwur%mwumwm
nature. It rmm. been a result, mainly, of the application of excessive
amounts of irrigation water and lack of knowledge pertaining to our soils
and their capabilities. If all of us can focus our attention on these two
items alone, much will have been gained to remedy this problem.

Since these drainage and salinity probl faci

. problems are facin d
be handled, we must decide what to do and how to do :m mmm@wm%m—wm
possible. The following suggestions are made as to possible relief measures
for some of the local drainage and salinity problems.

1. Irrigation land preparation for a better distribution
of water.

2. Apply a measured amount of water to fit crop needs and
soil — get control of water.

3. Plan good crop rotations and add organic matter to retain
and gain back soil structure — increase rate of infiltration
and water holding capacity of soil.

4, Try to keep as Er.z& cover as possible on land at all thnes
to keep down soil temperature and prevent evaporation
during hot summer months.
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5. Adequate surface drainage system.
6. Addition of tile drains—

a. Size and type.

b. Spacing.

c. Outlets.

d. Relief Pumping Wells.

From the above listed measures, it can be seen that a large part of
the fight depends upon the farmer or landowner and his desires. In addi-
tion, it will probably be necessary on some of these problems, to request
the assistance of certain technicians employed by the various state and
federal agencies, in helping to install and maintain certain corrective
measures. This assistance is available in all sections of the Rio Grande
Valley.

In conclusion, the productivity, wealth and population of the <.m~-
ley, have come about largely as a result of the application of irrigation
water to our fertile Valley soils. It has been estimated that one-fourth of
the food and clothing used in the world today is produced on irrigated
land, although its area is only about five percent of the total cultivated
land.

We have a good example of this locally, because on the basis of
values of crops under irrigation in the Valley, approximately ten percent
of the income and crops in Texas are produced in this area that contains
about one percent of the cultivated land of the State. This is a good
record for this section, but I firmly believe that the Valley has unlimited
possibilities and will surpass these records of production and income in
the future. With these points in mind, we of research, offer our knowl-
edge, experience and full cooperation in helping solve the irrigation and
drainage problems of the Lower Rio Grande Valley.
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TOXIC EFFECT OF BORON ON PLANTS
By L. V. WiLcox
Soil Chemist, Division of Soil Management and Irrigation
Bureau of Plant Industry, Soils, and Agricultural Engineering
Agricultural Research Administration

L. V. Wilcox, Soil Scientist, is in charge of the Rubidoux
Laboratory unit of the combined U. S. Regional Salinity and
Rubidoux Laboratories of Riverside, California. He has been
in charge of the chemical work in connection with the investi-
gation of the toxic effect of Boron on plants from the beginning,
and developed the methods of analysis used for the determina-
tion of Boron; and also did most of the field work.

INTRODUCTION

Injury to crop plants, caused by toxic concentration of boron in the
irrigation water, was first reported by Kelley and Brown' as a result of in-
vestigations in southern California in 1926 and 1927. Subsequent work
by the Bureau of Plant Industry confirmed and amplified the findings of
Kelley and Brown, and extended the observations to include most of the
important irrigation supplies of the West. It is now known that boron oc-
curs in injurious concentration in surface or ground waters in several
areas in California and in Nevada. The areas are not extensive but, in
some cases, the injury has been severe.

The mv:wwowom of this paper are: (1) To w:wmo:n certain facts _dmw_.m-
ing boron and its compounds; (2) To describe its effect on crop % ants,
and (3) To report the occurrence of boron in irrigation waters and soils.

PROPERTIES OF BORON

Boron is the chemical element that characterizes such familiar sub-
stances as boric acid and borax. Boron never occurs in nature in the ele-
mental state but always in combination with other substances. The more
important minerals are tineal and kernite, which are forms of borax, cole-
manite or calcium borate, and a large group of borosilicates. Borax and
boric acid are quite soluble in water, and calcium borate to the extent of
about 0.25 percent. The borosilicates are, in general, only very slightly
soluble. Tourmaline, for example, is one of the borosilicate minerals
found in soil that supplies boron to plants. Weathered tourmaline sand is
very insoluble, but freshly ground tourmaline will cause severe boron in-
jury to plants growing in it. This observation is reported to emphasize
the fact that even the very insoluble boron minerals will, under certain
circumstances, yield toxic quantities of boron.

EFFECT OF BORON ON PLANTS

Boron is essential to the normal growth of all plants, but the quan-
tity required is very small as compared with other nutrients. A deficiency
of boron produces striking symptoms on many plants that have a high
boron requirement. On the other hand, boron is very toxic to oa;&:m..

1 Kelley, W. P., and Brown, S. M. 1928. Boron in the Soils and Irrigation p
Waters of Southern California and Its Relation to Citrus and Walnut
Culture. Hilgardia 3: (445-458).
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other plants and the concentration that will produce injury on these sen-
sitive plants is often approximately that required for normal growth of
very tolerant plants. For instance, lemons show definite and, at times,
economically important injury when irrigated with water carrying 1 p.p.n.
boron while alfalfa will make maximum growth with concentrations of
from 1 to 2 p.p.m. boron.

The symptoms of boron injury vary among different plants, and
some species show little or no evidence of injury on their leaves. Citrus,
avocados and persimmons show the injury as a tip or marginal burning
on mature leaves, accompanied by a yellowing of the tissue between the
veins. Walnut leaves show a marginal burning with brown necrotic areas
between the veins. The stone fruits as well as apples and pears are sen-
sitive to boron but do not accumulate boron in their leaves or show typical
injury on their leaves. Cotton, grapes, potatoes, beans, peas and several
other plants show marginal burning and “cupping” of the leaf that results
from a restriction of the growth of the margin.

Plants vary greatly in the quantity of boron that is accumulated in
the mature leaves. Table 1 illustrates this.

TABLE 1

Boron content of leaves in a mixed orchard planting
in western Fresno County, California

(Samples collected Sept. 1, 1931. Boron expressed in parts per
million on dry-weight basis)

Sample Variety Boron Sample Variety Boron

No. content No. content
p.p-m. p-p-n.
1059 Lemon 962 1067 Loquat 60
1060 Peach 132 1068 Plum 77
1061 Persimmon 913 1069 Nectarine 143
1062 Cherry 119 1070 Apple 86
1063 Quince 50 1071 >Wdonm 82
1064 Grape 924 1072  Pomegranate 33

1065 Fig 2,222 1073 Olive 77
1066 Cottonwood 2,018

From U. S. Dept. Agric. Tech. Bul. 448

This small planting was irrigated with water containing 1.39 p.p.m.
boron, yet quince leaves contained only 50 p.p.m. boron, while fig leaves,
in the same w_w:nsmv showed over 2,200 p.p.m. boron. In the plants that
accumulate boron, the highest concentration is found in the leaves, a
lower concentration in the bark, and the lowest in the wood. This is
shown for walnuts in Table 2.

Both the boron status of a soil and the intensity of the injury to the
plants can often be judged by analysis of plant material. This is based on
the fact that plants from low-boron soils contain normal or low concen-
trations of boron and conversely, high-boron soils produce plants of high
boron content. :
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Table 3 shows, for nine species, the boron content of the plant
material when grown in five sand-culture beds containing respectively:
a trace, 5, 10, 15, and 25 p.p.m. boron. In every case, the boron content
of the plant material increased with increasing boron in the culture solu-
tion. Alfalfa has been used successfully as an indicator plant for both
deficiency and toxicity conditions. Normal concentrations of boron fall
between the “0” and 5 p.p.m. boron values of Table 3. For citrus this is
between 50 and 100 p.p.m. boron with injury indicated when the value
is above 300 p.p.m. boron.

Leaf burning is only one of several symptoms of boron injury. With
citrus, there is a premature drop of leaves that may be so severe that the
trees become essentially deciduous. The fruit may be small with a large
set or abnormally large with a very light set.

TABLE 2
WALNUTS
Boron in p.p.m. on Dry Weight
Leaves Twigs
Burned margins 2717  Bark 49
Green tissue 660 Wood 30
Midveins 118 Nuts
Petioles 27  Husks 123
- - - - - - - - - Shells 33
Entire 1302  Kernels 14
TABLE 3
Boron in entire plants grown in Experiment 11
Sand culture beds
Solution “0” 5 10 15 25 p.p.m.
Acala cotton 16 79 156 279 383
Milo — less grain 17 102 208 292 427
Milo — grain 5 22 49 72 110
Wheat — less grain 15 237 339 401 598
Wheat — grain tr. 23 59 57 108
Alfalfa 21 139 246 421 567
Cabbage 23 230 320 499 622
Pumpkin 17 291 601 1077 1671
Lima beans 17 319 757 1134 (1380)

PLANT TOLERANCE AND PERMISSIBLE LIMITS FOR BORON

The best information on plant tolerance is shown in Table 4. This
was worked out at Rubidoux Laboratory and is essentially the same as
reported by Eaton2. 1

s Eaton, Frank M., McCallum, Roy D., and Mayhugh, Miles S% Eﬁ.c,
%:ng of Irrigation Waters of the Hollister Area of California. 60 pp.
illus.
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Permissible limits for boron in irrigation water are indicated in
Table 5. P

%

OCCURRENCE OF BORON

Boron is widely distributed but in low concentrations except mn.:
a few, localized deposits. All natural waters thus far examined contain
at least traces as do soils and plant materials.

Table 6 shows the boron content of water samples from a number

of important irrigation supplies.

TABLE 4.

Relative tolerance of crop plants to boron

(In each group the plants first named are considered as being
more sensitive and the last named more tolerant)

Semitolerant

Sensitive to boron to boron Tolerant to boron
Lemon Lima bean Carrot
Grapefruit Sweetpotato Lettuce
Avocado Bell pepper Cabbage
Orange Tomato Turnip
Thoinless blackberry  Pumpkin Onion
Apricot Zinnia Broadbean
Peach Oat Gladiolus
Cherry Milo Alfalfa
Persimmon Corn Garden beet
Kadota fig Wheat Mangel
Grape (Sultanina and Barley Sugar beet

Malaga Olive Palm (Phoenix cana-

riensis)

Apple Ragged Robin rose Date palm (P. dac-
: tylifera)
Pear Field pea Asparagus
Plum Radish Tamarix, or athel
(Tamarix aphylla
American elm Sweet pea and T. gallica)

Navy Bean

Jerusalem-artichoke

Persian (English)
walnut

Black walnut

Pecan

Pima cotton
Acala cotton

Potato
Sunflower (native)

From U. S. Dept. Agric. Circ. 784
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TABLE 5

Permissible limits for boron of scveral classes of irrigation water ~

Crop Groups

Classes of water

Sensitive Semitolerant Tolerant
p.p.-m. p.p.-m. p.p.m.
Excellent ... . 0.33 0.67 1.00
Good . 033 to .67 067 to 133 100 to 200
Permissible ... ‘67 to 100 133 to 200 200 to 3.00
Doubtful __________ 100 to 125 200 to 250 3.00 ‘to 3.75
Unsuitable _______ "1.25 2.50 875
From U. S. Dept. Agr. Circ. 784
TABLE 6.
Boron in surface waters
Boron
No. Date Stream p.p.m.
1 11/25/35 Columbia at Wenatchee .05
2 7/14/45 Sacramento at Tisdale . .05
3 8/1942 Colorado at Yuma .16
4 3/1948  Rio Grande at Otowi Bridge .08
5 3/1948 Rio Grande at El Paso .19
6 3/1948  Rio Grande at Mercedes 23
7 8/1941 Cache Creek at Capay Dam 1.78
8 8/30/40  Piru Creek at Piru 157
9 4/11/34  Sespe Hot Springs 10.2
10 8/30/40  Sespe Creek at Fillmore 2.11
11 3/9/32  Santa Clara River above Piru 45
12 4/5/32  Santa Clara at Santa Paula .78

The first 6 samples, listed in Table 6, are normal, uncontaminated
waters. Cache Creek (No. 7) drains Clear Lake in the Coast Range west
of Sacramento, California. The boron enters the stream from small
geysers and hot springs. The water is used for irrigation and is satis-
factory on the more tolerant crops such as alfalfa and beets, but pro-
duces severe injury on the sensitive crops. The last 5 samples (Nos. 8 - 12)
are from streams in Ventura County where naturally occurring boron
injury was first recognized in California. Piru and Sespe Creeks are tribu-
taries of Santa Clara River. Sespe Creek above Sespe Hot Springs is

very pure water with a boron content of approximately 0.3 p.p.m. boron.

The Hot Springs (No. 9) carry about 10 p.p.m. boron. These springs dis-
charge into Sespe Creek and raise the boron content of the water to
2 p.p.m. boron or over at the point of diversicn near Fillmore (No. 10).
No. 11 is from the Santa Clara River above both the Piru and Sespe
Creeks. Here, the water is of good quality. The last sample represents
the water below these two oummmm. The boron content of .78 p.p.m. boron
is sufficient to produce easily recognized injury on lemons.
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Ground waters are highly variable in boron content. Adjacent wells
may show very different values for boron, and not infrequently there are
large differences between water-bearing strata in the same $6=.. Usually
the water from hot springs is contaminated, and often the saline water

from very deep wells is high in boron.

REMEDIAL MEASURES

Where boron injury has resulted from boron in the irrigation water,
there are usually two courses of action that may tend to improve the sit-
uation: (1) obtain a new supply of irrigation water of low boron content;
or (2) change the planting to more tolerant crops. .

At present, there is no way to remove boron economically from a
water or to render it harmless.

SUMMARY

i. Boron, the characteristic element of boric acid and vﬁ.:.m? .mm es-
sential in low concentration to normal plant growth and in slightly
higher concentrations is toxic to many plants.

9. Concentrations as low as 1 p.p.m. boron will cause easily recog-
nized injury to many sensitive plants, while concentrations of 4 p.p.m.
boron are about the maximum for any crop.

3. The more sensitive crops are citrus, nuts and deciduous fruits;
the semitolerant are truck crops, cereals and cotton, while the more tol-
erant are alfalfa, beets, asparagus and palms.

4. There is no economical method for removing boron from a water
or rendering it harmless. Relief can be had only by securing a better
water or substituting more tolerant crops.
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The Research Program of the Texas
Agricultural Experiment Station
By

R. D. Lewis
Director, Texas Agricultural Experiment Station

Dr. R. D. Lewis, agronomist, was born in Wyalusing, Bradford
County, Pa. He obtained his B. S. Degree from Penn. State Col-
lege in 1919 and his Ph. D. from Cornell in 1926. He received his
degrees in Agronomy and Plant Breeding. After his graduation
from Cornell, he became assistant professor, remaining there until
1930. He was professor of Agronomy at Ohio State University
becoming chairman of the department of Agronomy in 1939,
as well as cooperative Agent of Ohio Agriculture Experiment
Station and U. S. Department of Agriculture. In 1946 he was
appointed Director of The Texas Experiment Station.

There are persons, often in high places in public life, who are apt
to suggest that research should take a vacation until education of the
common man “catches up.” These persons apparently do not under-
stand research, nor its relation to education. Without research that truly
leads, education would become stale and without incentive. Research
and education march forward together.

I represent one of the great public agricultural research institutions
of this country, the Texas Agricultural Experiment Station, a part of the
Texas Agricultural and Mechanical College System. Our research work-
ers are literally seekers of the truth about the what, why, where, when
and how of hundreds of agricultural problems. They apply to problems
the scientific method of controlled, objective observations and measure-
ments. They check and test their findings in various conditions and re-
lations before they rely upon solutions or develop new principles; or be-
fore they can release new and better plants or animals for our use,
profit, nourishment and enjoyment. Productive research workers in
agriculture are men and women of conviction that object truth is worth
discovering, and they have faith that the truth can be discovered.

The foundations for our state public educational and research in-
stitutions for service to agriculture were laid in 1862 in the Morrill or
so-caled “Land-Grant” Act of Congress establishing our new great State
colleges and universities.

In 1887, Congress formally recognized the need for research in prob-
lems of the soil, plants and livestock, and passed the Hatch Act to en-
courage the individual states to found agricultural experiment stations
in connection with the previously established land-grant state colleges.
So that same year, the Legislature of Texas accepted the Hatch Act and
authorized the establishment of the Texas Agricultural Experiment Sta-
tion in connection with the A. & M. College of Texas. That was dond the
next year, 1888.

Since that time, the Station has been charged by both the Texas
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Legislature and the Congress in numerous acts with the conduct of
research on problems concerning all phases of mmﬁo&ﬁ:.a in ﬂzm. state,
and, in cooperation wih Federal agencies and the experiment stations of
other states, with investigations of problems of interstate significance.
These relationships and responsibilities were greatly enlarged by .nrm
passage by Congress, in August, 1946, of the Research and Marketing
Act, under which considerable expansion of research in agriculture is
gradually taking place.

The great size of our state, its wide diversity of mom. climate, native
vegetation, types of farming and associated industrial developments,
have made it necessary for the Texas Station to establish many substations
and field laboratories to work on problems peculiar to well-defined areas
of the state. We now have 22 substations and 10 field laboratories, and
we are cooperating at 10 other fixed locations with various bureaus of
the United States Department of Agriculture. Research at many of these
locations also has the active support of other public and private agencies.
At the Main Station there are 16 subject matter departments and three

service groups. .

In 1923, the Legislature authorized the establishment of a station
in the developing citrus belt of Cameron or Hidalgo County. That act
in part reads as follows:

“The Board (of Directors of A. & M. College) is authorized
to establish and maintain a horticultural and agricultural
experiment station in the citrus belt of Cameron or Hidalgo
County for the purpose of making scientific investigations
and experiments in the production of citrus fruits and in de-
termining the best methods of eradicating insect pests and
dangerous diseases that affect citrus trees, and for the pur-
pose of studying the other horticultural and agricultural
problems of that region. For such purposes, the Board is em-
powered to secure a suitable site for the location of said
station, in either of said counties containing a sufficient
amount of land not exceeding one hundred acres, well
adapted to the growing of citrus fruits and supplied with
water for irrigation purposes”.

The Valley Citrus Station established east of Weslaco, in 1923, has
served the Valley well even though it has been woefully under-financed
throughout its history. When I survey its accomplishments and its con-
tributions to the agricultural and industrial development of the Lower
Rio Grande Valley, 1 am repeatedly amazed that so much has been
done with so little.

On my first visit to this station in 1946, there were four professional
research positions at the station, of which actually only three were
filled. As of December of 1948, there are 10 professional positions, only
one of which is not filled.

In the fall of 1946, I asked three individuals and a composite com-
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mittee of our research staff, in consultation with growers, processors
and shippers, to outline the research needs of the Valley.

All of these reports were consolidated into one entitled, “Proposal
for Expanding Agricultural Research, Extension, and Graduate Training
in the Lower Rio Grande Valley.” This report was distributed among
Valley leaders in January, 1947. It indicated that an annual budget of
$360,000 would be required for a truly adequate program. Prior to the
last session of the Legislature the maximum annual appropriation had
been $19,037.

To conduct any research program at the Weslaco Station, the staff
had to devote too much time to the production of crops for sale so as
to increase available funds. Small supplements of funds were made from
time to time by grants by companies, associations and from Main Sta-
tion funds.

In 1946, the A. & M. College asked for a legislative appropriation
for research in the Valley five times that of the previous biennium, or
$100,000 per year. Despite the fact that the A. & M. College adminis-
tration again and again placed this item among these of top priority,
and actually raised this request by $25,000 during the legislative hear-
ings, there was finally granted an amount equal to $47,664 per year
for the present two-year period. The larger part of this appropriation
is being used in the current fiscal year.

Again we are asking the Legislature of 1949 for a considerable in-
crease in the appropriation for the Valley station: $120,000 for the next
fiscal year beginning September 1, 1948, and $152,000 for the following
year. These total roughly three times the current sums. Whether these
funds, admittedly not yet adequate, are made available depends to a

mwm_w" extent on the support of the agricultural leadership of this great
alley.

The administration of the Texas A. & M. College System is fully
“sold” on the needs and will do all they can to get these funds. But
the determining factor is the active, unified support of these requests
by those in the Valley who are convinced that a still greater research
program is urgently needed.

A brief summary of the present research program of the Lower
Rio Grande Valley Station indicates real progress during this past year,
and with still more to be expected during the present season. Many of
the details of current research findings are being reported by our staff
members, residents at Weslaco, College Station, and other locations dur-
ing this Institute, so I will only indicate certain major developments.

The increase in the professional staff from 4 in 1946 to 10 now
is truly a big accomplishment. In addition, at least four men of our Main _:
Station Staff give a major portion of their efforts to research affecting .
the Valley. % *

The work of the station has been greatly extended through the |
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initiation of outlying experiments on the farms of several interested co-
operators in Hidalgo, Cameron and Willacy Counties. During this
past season, five systematic replicated tests were conducted at outlying
locations with cabbage, two with tomatoes, two with potatoes, and three
with cotton. Others with lima beans and citrus are being initiated. The
fertilizer experiments with cabbage indicate that yields may be doubled
by judicious use of fertilizers combined with other management prac-
tices.

Variety tests are being conducted with lettuce, lima beans, cab-
bage, tomatoes, sweet corn, potatoes, and special breeding programs
for better tomatoes are underway in cooperation with the workers at
five other experimental locations in Texas.

The influence of basic soil conditions on root distributions, health
and longevity of citrus trees is underway. In this program, two men
from the Main Station are actively cooperating with the local staff.

Irrigation, drainage and soil management come to the forefront
of nearly every discussion of Valley agricultural problems. So we are

happy to report that during the past year, four men have been added

to the local staff to give major attention to basic problems in soil chem-
istry, drainage and irrigation. The last of these men, Emil Stuter, was
placed with us in September by the cooperating Research Division of
the Soil Conservation Service. Already significant advances in irrigation
and drainage research are evident.

Citrus rootstock investigations, under the direction of W. C. Cooper
of the U. S. Bureau of Plant Industry, Soils and Agricultural Engineer-
ing, have been greatly enlarged on the station property and at four
other locations in the Valley. The Texas Station is now able to give
more aid to this project and is providing technical assistance for Dr.
Cooper. .

The station sponsored in October an inter-agency conference on
boron problems in the Valley. A boron research committee was organized
and yesterday L. V. Wilcox of the U. S. Salinity and Rubidoux Labora-
tories in California arrived in the Valley to take part in and initiate basic
studies on the boron situation and its possible solutions. The Bureau
of Reclamation has made funds available for this purpose, and the
ﬁmm_woo Station is making equipment and cooperating personnel avail-
able.

Insects and plant diseases are always here to plague us and upset
previous calculations. Up-to-date studies and recommendations come
from the work of the entomologists and pathologists at this station.

We are about to make assistance available in each of these important

activities. Many of the new insecticides control insects well, but may b~
disastrous to taste or to health of human beings — so the entomologists
has to measure both the effects on humans as well as on insects!

Disease-resistant varieties of vegetables and losses of fruits and
vegetables in storage and transportation are also under study.
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Already then, the research program has been significantly expand-
ed — it will be further expanded. From the Main Station we are grad-
ually assigning a greater amount of funds for research in the Valley.
The soils work here was initiated on State Chemist funds made avail-
able from the Main Station.

A considerable proportion of our new federal funds used in mar-
keting investigations relate to Valley enterprises; specifically to costs
of marketing green wrap tomatoes, margins in marketing citrus fruits
and marketing of cotton.

One of the most significant recent developments in the A. & M.
program for the Valley, is the closer integration of research and ex-
tension. We are pleased that the regional extension headquarters are
on the station farm. Research and extension are complementary. The
outlying work of the station has been greatly facilitated by the co-
operation of the county agents and subject-matter specialists.

Funds are so important a determining factor in conducting ade-
fuate research programs, that I venture to mention them again: This
time in terms of State-wide support of research by legislative appropria-
tions. The Valley is by no means alone in having inadequate support
for research. To bring home this point, may I cite the annual funds ap-
propriated by a few state legislatures for research by their agricultural
experiment stations in the past fiscal year of 1947-48. These are given
in the following table in terms of farm and ranch, 100 acres in farms .
and ranches, person living on farm, or $1,000 of farm income,

APPROPRIATIONS BY STATE LEGISLATURES TO
STATE AGRICULTURAL EXPERIMENT STATIONS

1947-48
State Total state Per farm Per 100 Per person Per $1,000
appropria-  or ranch acres in on farms of farm in-
tions farms . come
Texas $ 994,156 $ 258 $ 0.70 $ 0687 $0.75
Louisiana 661,323 5.11 6.59 111 2.24
Florida 2,303,889 3767 1761 9.43 5.65
New Jer- 1,783,016 67.99 . 98.07 16.12 8.01
sey
California 3,250,805 23.40 9.27 6.03 1.74

In none of these states are the funds considered by agricultural
interests to be fully adequate to meet the research needs!

In closing, may I assure you that we desire to serve you through a
truly outstanding research and graduate training program in the Lower
Rio Grande Valley, that our ability to serve depends to a major extent.
on the active, unified support that you request in a convincing manner
through your legislative representatives. .
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California Citrus Production Methods

Contrasted With Valley Methods *

By
P. W. ROHRBAUGH

Dr. P. W. Rohrbaugh grew up on a farm in southern Nebraska.
He did some undergraduate work at Nebraska Wesleyan Uni-
versity at Lincoln Nebraska. He received his Masters Degree
at Iowa State College and his Ph. D. at the University of Cali-
fornia. For four years he worked at the University of California
Citrus Experiment Station, eleven years at the California Fruit
Growers Exchange, and two years at the California State Poly-

- technic College, Citrus Dept. He came to Texas July 1, 1948
to .become the Director of the’ A & I Citrus and Vegetable
Training Center.

Six months in the Valley is not enough time to have become
fully acquainted with all of the details of all of the production methods.
Some noticeable differences are in evidence and the purpose of this
paper is to point out some of these differences and to comment on
some of the reasons for, or the advantages or disadvantages of, these
different methods.

In- general, the California grower uses much more intensive
methods rather than the extensive methods nsed here in the Valley.
The average holding of citrus acreage is between 15 and 20 acres,
whereas, here in the Valley the average holding is around 30 to 40
acres.

The California grower does much more of the work in his or-
chard than does the Texas grower. Many of the California growers do
their own irrigating, tractor work, pruning, etc., where the Texas grow-
er depends upon the Latin laborer while he drinks coffee.

The California orange crop consists of only two commercial varieties,
the Navel and the Valencia, while in Texas there are Hamlin, Navel,
Valencia, Parson Brown, Temple, Joppa and Marrs.

Texas also has five or six different grapefruit, whereas, California
has only one.

There is considerable marketing advantage in having only a few
different fruits to sell. The housewife buys Texas grapefruit and she
gets a nice Ruby Red seedless fruit. Next time when she buys, she
asks for Texas grapefruit and gets a seedy white Duncan. Can one
blame her if she wonders what it is all about?

About 90 to 959 of California citrus is marketed by two marketing
organizations. These organizations are grower owned and controlled.
They have sales representatives in nearly all major market centers.
They know what and where the market is. Texas has a very large
number of marketing organizations, no one of which markets more than
30% of the Valley fruit and there is no organization of shippers large
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enough to keep in touch with and know what is going on in many
markets.

CITRUS. TREE PRODUCTION

The type of marketing and grading which is used in California makes
it very unprofitable to produce low grades of fruit. It tends to make
the grower do everything possible to grow the best grade of fruit and
to keep it free from scale insects or other factors which lower the grade.
This is especially true of lemons. All citrus fruit in California’ is hand
picked with clippers. =

In Texas a large portion of the fruit is sold by the ton before
grading. The grower does not see the need or value in having clean,
high quality, nice looking fruit. :

In the production of trees in Texas, the nurseryman has not had
the advantage of as much research and scientific information as the
nurseryman in California. It is only now that the Texas nurseryman has
begun to produce trees which have any assurance of being free of scaly
bark or psorosis. Not nearly enough work has been done in selecting
good fruiting strains. The grower in California has, for a number of
years, been able to buy trees the parents of which have known records
of production and freedom from psorosis. o -

DISEASE OF CITRUS : ot

California has a _number of serious diseases which seriously afféct

citrus production. They have the virus disease, psorosis, which .is also

a major problem in Texas. California has gone farther in its efforts to
eliminate this disease by using certified disease free buds.

Texas is fortunate in not having the brown rot gummosis which
destroys many trees in California. The fungus organism which causes
this disease is undoubtedly killed by the higher temperatures of the
Valley. The brown rot organism thrives under cool wet conditions and
kills the bark of the trunk and roots. It would be quite impossible to
grow citrus in California with the flood type of irrigation and the pre-
valence of water around the tree trunk as is commonly found in Texas.
.H.rw only exception to this is, possibly, in the Imperial Valley where very
high temperatures prevail and here most of the citrus has disappeared.

NO QUICK DECLINE HERE

_Texas is molcdwn:w in still being free of the disease known in Califor-
nia as @cwor decline. This disease is believed by some, to be the same
as the Tristeza disease, and certainly has many characteristics in com-
mon, o

While quick decline has -apparently not affected grapefruit trees
in California, very few California grapefruit trees are grown on sgur
orange rootstock and, therefore, would not be expected to be affectad,
as it is only trees on sour rootstock which are affected.

If the Tristeza disease, or quick decline if they are the mmBmm.momm
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get into the Valley, it is reasonable to assume that most of the citrus
trees, both orange and grapefruit, will have to be replaced. It is esti-
mated that somewhere between 50 and 85% of the orange trees
of California are on sour orange rootstock and are, therefore, susceptible

to this disease.

The so-called Rio Grande gummosis which is so destructive to the
grapefruit trees here in the Valley, is not a problem in California. This
is probably due to low humidity in California. The presence and de-

structiveness of this disease which enters the tissues through breaks

in the bark, makes it necessary to avoid any unnecesary breaks in the
bark and to use a disinfectant and seal on any cuts or break in the bark.
The prevalence of this disease makes the job of pruning a very import-
ant one. If the tree is not pruned and the cuts cared for, this disease
apparently often enters the active tissues of the tree through the place
where a limb has been cut off or where one has died.

INSECT PESTS

Texas is much more fortunate than California when it comes to in-
sect pests. California has to spend far more in the control of insect
pests such as red scale, purple scale, red spider, aphids, thrips, bud mite,
orange tortrix and others. It is not unusual for the California grower to
spend an average of $70.00 to $80.00 per acre per year on pest con-
trol. He has to resort to the use of dusts, sprays, fumigation and the
propagation of parasites in insectaries.

The Valley grower occasionally finds it necessary to spray a few
trees for scale, but usually gets by very well with four or five sulfur dusts
per year which cost in the neighborhood of $15.00 to $20.00 per acre
per year.

: CULTIVATION

Most California growers continue to practice growing a cover crop
during the winter and clean cultivation during the summer. There is
a definite increasing tendency toward less cultivation and quite a few
growers are now using oil sprays or other weed killers and doing no
cultivation. Oranges usually tend to ripen a little earlier under this
practice, probably due to a higher soil temperature since there is no
shading of the soil.

In Texas there is a definite trend toward less cultivation, but the
tendency here is to mow or chop the weeds and let them lay. This prac-
tice would seem to be definitely beneficial in that it keeps the soil cool-
er. It is somewhat of a fire hazard, but if the weeds are mowed often this
need not be too great here in the Valley where the humidity is high.

The soils of the Valley in general tend to need organic matter and
the practice of mowing the weeds and letting them lay appears to be
a good way of supplying it.

Citrus trees in most parts of the Valley are shallow rooted, due to
the high water table, and deep cultivation cuts off a large number
of valuable roots.
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FERTILIZATION

The application of nitrogen fertilizers has become more or less
standardized at about 8 to 4 pounds of nitrogen per tree in most parts
of California. In some places, such as Ventura County and where soil
analyses are used to determine the nitrogen needs, they use as little
as one pound per tree. Many growers in California follow the recom-
mendation of the Citrus Experiment Station in not applying phosphate
or potash fertilizers. Considerable manures, such as dairy manure and
chicken manure, which carry a considerable content of phosphate and
potash, are used.

There does not seem to be any very well established fertilizer policy
for citrus fertilization in the Rio Grande Valley, but the tendency seems
to be some combination of nitrogen and phosphate.

IRRIGATION

Irrigation in the Rio Grande Valley is largely by means of flood
jrrigation. There has apparently been considerable over-irrigation of
citrus here due to several factors. It is difficult to flood irrigate and put
on less than about 5 or 6 acre inches of water. Where we are troubled
with high water table and high salt content and our water having a high
salt content, it is important to use no more water than is necessary. Some
Valley growers are now putting sprinkler systems so that they can bet-
ter control the amount of water applied. Water is not metered or meas-
ured and this fact tends to encourage the use of too much water.

Nearly all citrus irrigation in California is by means of furrows,
usually one or two furrows on each side of each row of trees. The water
comes largely from wells and for the most part is excellent water. A few
growers are using sprinkler systems. The advantages of a sprinkler
system in California are not believed to be as great as in the Rio
O-.m:.&m Valley. Practically all irrigation water in California is metered
and is paid for according to the amount of water used. Usually 2 or
3 acre inches per irrigation is used.

DRAINAGE

The problem of drainage in the Rio Grande Valley is a maj
one. Little of the Valley has an elevation of over 70 moww and :B W_o.w
gradual slope seventy miles or more back from the ocean. This gives
an average slope of only about 1 foot of fall per mile. This slope is
not enough to furnish sufficient drainage, through the heavier types of
uc—um.om., to keep the water table from rising too near the surface. Since
mwo :..:mwmo: water, which comes from the Rio Grande river is rather
Em& in salts, the subsurface water has a high salt content due -to con-
tinual concentration. When this water table rises into the top four
feet of soil, it brings this concentrated salt up with it. When this water 4

table gets into the top four feet, it becomes very detrimenal to gjtrus

trees. The California citrus groves are not bothered with drainage prob-
~.m3mu. except in a few places where the soil is extremely heavy. This
is being overcome, to some extent, by non-cultivation practices.
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PRUNING

Pruning of lemons in California is a big and expensive job. These
trees tend to sucker much more than oranges or grapefruit trees do. A
pruning job is necessary nearly every year on most lemon orchards.
Pruning a lemon orchard costs anywhere up to $50.00 or $60.00 per acre.
Oranges do not require a great deal of pruning. Very little treatment of
wounds is done, except where very large limbs are HwEoﬁ.wP or where
surgery work is done on the trunk. In Texas it is very important to
treat all wounds or cuts in the bark of citrus trees, especially those in
grapefruit trees in order to prevent the disease which is referred to as
Rio Grande gummosis. This disease is one of the most important and
derimental diseases of grapefruit in the Valley. The causal organism
has not been adequately described but it apparently enters the tree
through any opening or injury in the bark. For this reason, it is very
important that every cut made with pruning shears or saw is treated
with some compound to disinfect and seal the wound. The job of
pruning citrus would be very small were it not for this gummosis dis-
ease. The trees in the Valley have much less tendency to produce water
sprouts or suckers than those in California.

LABOR COSTS

In the Rio Grande Valley, orchard labor costs the grower about
95 to 35 cents per hour, while in California the grower pays 90 cents
to $1.00 per hour to get the same type of work done.

OVER-ALL PRODUCTION COSTS

Few growers spend more than $100.00 per acre per year for the
care of their orchards in the Rio Grande Valley. The range is probably
about $75.00 to $110.00 per acre per year for what is considered good
care.

In California the cost of good care is given as about $200.00 per
acre for lemons. This additional cost for lemon is due to more frost
protection, more pest control, and more pruning. Grapefruit (Desert
Valley, Arizona) costs about $96.00; grapefruit (exclusive of Imperial
and Coachella Valleys) costs about $195.00 per acre per year.

PRODUCTION RATE
It is very difficult to get any adequate figures as to the rate of
production in fruit per acre or per tree, which would be comparable
for California and Texas. There are many more young trees in Texas
than there are in California. The trees in Texas are usually set farther
apart than in California. The average orchard in California is set about
85 to 100 trees per acre, while in Texas the rate is about 60 trees per
acre. The average production in tons of fruit per acre is probably not
very far different from that in California.
FRUIT SIZES
The size of oranges in Texas is in general larger than in California.
California has been hard hit in some areas around Los Angeles by
small sizes of oranges. These small sizes have prevailed over a period
of several years, and it is thought by many that the prevalence of
industrial gases from plants developed during and since the war, is
at least a contributing factor to this difficulty.
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The Utilization of By-Products

In Valley Agriculture

By Victor Schoffelmayer
Consultant, Southwest Research Institute

Victor H. Schoffelmayer is dean of Texas agricultural news edi-
tors. For many years he has been editor of the agricultural sec-
tion of the Dallas Morning News. He has beert a leader in the
chemurgic movement in the Southwest, and is currently presi-
dent of the Texas Chemurgic Council, and Consultant for the
Southwest Research Institute, San Antonio, Texas.

The Valley’s processing industries are gradually turning towards
greater utilization of by-product and waste materials.

Just as the meat-packing industry finally learned to use all its waste
materials so the great citrus and vegetable industries of the Valley
must develop a program which includes full utilization of such raw ma-
terials as grapefruit, oranges, lemons, the wide range of market vege-
tables, and many others,

Every industry should look at its problem as a whole—not merely
a phase ot it. Complete utilization of fruits and vegetables—peel, juices,
rag, butts, tops, residues, surplus crops in fields—all should become sal-
able products through the application of chemistry, physics, biology, en-
gineering and other applied sciences.

The Lower Rio Grande Valley is the Southwest's garden spot. It has
the climate, soils, water and crop possibilities to give it a unique place
in the economy of the Southwestern Region. Too, it has the right kind of
people who are ready and willing to learn from other successful areas
where processing has been established longer and where the latest
successful methods are paying large dividends to growers, processors
and shippers.

All of nature’s fruits and vegetables, in the last analysis, are chemi-
cal raw materials. These materials—largely sugar, starch, protein, pectin,
resins, gums, waxes, cellulose and lignin—are used by our modern in-
dustries in steadily increasing quantities. Some of these chemical raw
materials are actually imported into this country from far-off regions.
It is only reasonable to call the attention of our growers, land owners,
manufacturers and the “Man on Main Street”, to the appalling waste of
most of our byproduct and waste materials because we pay too little at-
tention to adding supplemental industries to process them.

We must remember above everything else, however, that before
waste materials can be profitably processed they must be concentrated
in sufficient abundance, and at a low enough cost, to assure materials.

No man' in his sane mind would encourage an industry which can
not possibly make a profit on its utilization of a byproduct or waste ma-
terial. All that this writer is asking, however, is for our leading Valley
processors of citrus fruits, carrots, beets, blackeyed peas, broccoli, pine-
apple, bananas and what have you to look carefully into the possibility
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small supplementary plants alongside their larger

£
"

of setting up, say,
main units. :

The Valley is in need of more research chemists, physicists, biol-
ogists, chemical engineers and other scientists who will be wm.ﬁmum& to
definite tasks at finding uses for what now may be expensive wastes.
These wastes are expensive when, say, several thousand tons v»xm to be
hauled away each season when they might be converted into rwomnoor
feed, into pectin, molasses, protein yeast, ethyl alcohol, acetic acid, fur-
fural and many other needed chemicals.

Some Valley industries have upwards of 30,000 to 60,000 tons of
such waste materials a year. Some managers actully .@w%.,ﬁ a load
to rid their premises of these cumbersome wastes. But it might be far
more profitable to work out an efficient chemical utilization of such

wastes.

Ask Quaker Oats Company how it came to turn to rice hulls and
cotton hulls as a source of furfural instead of relying exclusively on oat
hulls, as the company had done for the past quarter century. .

Why has Dow Chemical Company planted its own rapid-growing
poplar forests to obtain cheaper and more rapidly grown cellulose for
its chemical needs? Go to any of the large paper companies and see
what they are doing, or visit the large California and other West Coast
fruit processing plants and see what they are doing with fruit and vege-

table wastes.

Those big western operators do not let their so-called waste apri-
cots, prunes, apples, pears, grapes, peaches, berries clutter up their
plants. Out of such over-ripe fruits the finest natural flavoring materials
are made to be sold to candy and ice cream makers or to housewives for

home use.

Do those Western processors waste thousands of tons of pectin as
are now wasted in our Magic Valey? No, emphatically No! They have
taken advantage (just as our Valley processors and growers can) of the
newest scientific research. An entirely new wholesome product has ap-
peared on the markets known as Velva-Fruit—a puree made from fully
ripe fruits which could not be shipped. At that stage of their develop-
ment they contain the highest quality of vitamins, protein, sugars, flavors
and everything that makes for good eating and healthful living. Some
of this type of research and effort would possibly pay Valley producers
greatly. It should be investigated. All one needs to do to obtain the
needed information as to these practical processes is to write to Western
Regional Research Laboratory, Albany, California, The Valley has a
great friend stationed there in the person of Dr. Francis P. Griffiths,
formerly of Valley Vitamins, Inc., at McAllen. He will supply the need-
ed information gladly and quickly to those needing it.

The new fruit puree is frozen into bricks and shipped all over the
country as flavoring material to replace a lot of synthetic flavors. It
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can be stored under refrigeration indefinitely. It is much sought by
users of flavoring materials who prefer natural flavors to substitutes.

The answer to the Valley’s processing problems is scientific research.
No industry can long remain in the black without research—either its
own staff of fact-finding scientists or availing itself of such nearby sci-
entific research agencies as Southwest Research Institute at San Antonio,
or Texas A. & M. Research Foundation, at College Station, or Texas Re-
search Foundation at Renner, Texas, and many others ready to help.

The mere fact that so large a plant as Universal Colloid Company
at McAllen now stands idle, after leading the way for many years in the
field of commercial production of metallic pectinates and other pectin
materials, calls for explanation. Of course, the Valley is young compared
with the long history of California’s fruit and vegetable processing in-
dustries. But the Valley is rapidly attaining maturity and idle process-
ing plants should not be part of the expanding processing industries
there.

What do we know about alfalfa and grass as sources of vitamins
and high protein? Not too much. We are in the swaddling clothes era
of such processing methods. We need to employ more technicians who
can work out cheaper methods of processing carotene into pro-Vitamin
A, and we need to know a lot more about extracting Chlorophyll and
Xanthophyll. Chlorophyll at present constitutes one of the most profit-
able chemical materials derived from vegetable wastes or raw materials.
Its uses are literally dozens.

The reader may wonder about some of these uses of vegetable ma-
terials other than food. Well, take pectin as an example. It can be sub-
stituted for synthetic resins as a covering for sausages, hams, bacon,
candies, pills and other pharmaceuticals. It can be combined with, say,
nickel, to effectually combat dysentery and diarrhea in children or adults.
If we leave pectin in our citrus peel which we convert into cattlefeed
we are wasting it because it adds nothing to the food value. It, there-
fore, should be removed and be sold as an important chemical raw ma-
terial of industry. We need tens of millions of pounds of pectin and
chlorophyll alone for their steadily growing uses in food and other manu-
facturing processes.

If, for instance, our Valley industries would discover a way to
take the bitter taste out of citrus molasses (now made from peels and
waste juice of canning industries in small quantities) we would produce
our own important source of syrup which could be used either for
animal or human food. There is a certain bitterness in that molasses
which keeps it from competing successfully with corn syrup and other

syrups.

There is a much larger chemical possibility in these Valley waste
fruit juices and peel and vegetable tops etc. They could be fermented
into ethyl alcohol and acetic acid, but another still more intriguing op-
portunity may be that of fermentation by feed-yeasts, such as Torula
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utili ich builds up protein yeast colonies into a material that con-
M-.W.Mv awc%oo v@»s 50 @wawomzﬁ pure, eatable protein. A ton of, say, rag
and waste juices are said to yield around 85 to 50 pounds of highgrade
protein. A continuous process of fermentation has been m.m<m€wmm at wrm
Winter Haven, Fla., U. S. Citrus Products Station. Detailed information
may be had from there by those msﬁmnmmam@. This may offer a new op-
portunity for one of the Valley’s outstanding waste materials.

Such processing may supply livestock feed producers and mixers
with a Em% quality protein raw material which would greatly add to the
salability of their dehydrated stockfeed.

The foregoing examples are merely chosen to arouse the <.m:m< to
its latent, vast possibilities by giving wastes and byproducts of industry
the research they deserve. Such research is likely to pay off handsomely.

The Valley needs new crops to round its economy. Why stop largely
with citrus fruits and such staples as cotton, alfalfa and feed crops?
Why not extend the papaya grove acreage .&.:w w.mw_.: ro.i to market
and process this interesting fruit which is so high in papain (vegetable
pepsin)?

Why not try mangoes, cherimoyas, oilseed @H&Bm‘ cucurbits .moH
their oil in the seed capsules? Why not ramie as an important new fiber
crop, stronger than cotton?

These are just a few suggestions for growers and land owners to
think about.

The Valley needs more Chemurgic Committees, such as the one at
McAllen headed by Conrad Roitsch and “Red” Salmon, before he left
the Valley for the High Texas Plains. Chemurgic thinking will do a lot
for Valley people. It is easy to get in a rut and to be apt to stay in it

VEGETABLE PEST CONTROL PROBLEMS

By
George P. Wene, Texas Agricultural
Experiment Station, Weslaco.

George P. Wene studied at Park College. He received his masters
degree from Ohio State University and his Ph. D. from Cornell
University. He has worked on tobacco insect investigation in .
Virginia and on the control of potato insects in New York. Since
1946 he has worked on the control of vegetable insects at the
Texas Agricultural Experiment Station at Weslaco.

The most important point about any insect control program is to
know the insects and the insecticides which will control those insects.
Both darkling beetles and cut worms cut young tomato plants off at the
ground level. Cutworms are controlled by dusting with a mixture
of 40 per cent cryolite and 60 per cent citrus meal. Darkling beetles can
only be controlled with a 5.0 per cent chlordan dust. So if a farmer finds
his young plants cut off at the ground level, he should dig in the plant
row and look for either a black beetle one-quarter of an inch in length
or the greyish-black curled cutworms and then apply the proper insec-
ticide.

Timing is a very important factor in the insect control program. In
the control of tomato fruitworm injury the tomato plants should be
free of worms at the time the earliest fruit start setting. So at fruit setting
mSw_nvomF applying weekly applications of 5.0 per cent DDT for 3 or 4
weeks. :

The cowpea curculio, Chalcodermis aenus Boheman, is the most
serious insect pest of blackeye peas. This insect causes more injury to the
spring planting than to those peas planted in the fall. The female adult
lays its eggs inside pea pods one-half inch or more in lengh. The young
larvae or worms develop inside the individual peas on the pod. Since -egg
laying is spread over a long period of time many peas will contain par-
tially developed larvae at harvest time. It is these partially developed
larvae which have caused the rejection of many fields of blackeye peas
as far as the canners are concerned. As it is impossible and also imprac-
tical to kill these young curculio inside the pod, one must apply an
insecticide treatment which will kill the adult before it lays its eggs. Ex-
periments have shown that three weekly applications, starting when the
first pods are one-half inch in length, of a 5.0 per cent DDT .dust will
control this insect. The recommended rates are 15 pounds per acre by
ground machine and 25 pounds per acre by airplane. The data in table
I show the effectiveness of the various insecticides used in the control
of the cowpea curculio.

The turnip aphid, Rhopalosiphum pseudobrassicae (Davis), has been
the principal reason that fresh market buyers and canners have reje¢ted
many acres of greens. Greens to be sold must be free from aphids and ‘the
low returns from turnip or mustard greens do not justify any. extensive
aphid control program. Table 2 gives a good representation of the re-
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sults obtained during the past year on the aphid control m%ma_,:ovﬁ. All
the insecticides were applied with rotary hand dusters at approximately

25 pounds per acre.

As can be seen by the data, a 1.0 per cent gamma benzene hexa-
chloride dust was very effective in controlling this insect. This material,
however, should not be used because the benzene me»oaolmou odor
was picked up in canned turnip greens which had been dusted s:nr.w.o
per cent pure isomer of benzene hexachloride nine days before canning.

A 1.0 per cent parathion dust was very effective in controlling turn-
ip aphids. Parathion is a highly poisonous material. A ._M&QSSJ\ test
showed that turnip greens canned 9 days after dusting with 1.0 per cent
parathion contained 4.5 part of parathion per million parts of turnip
greens. This amount is considered very dangerous to warm-blooded ani-
mals. So do not use any parathion on edible portions of plants until more
is known about its toxicity to warm-blooded animals.

Nicotine is used as an aphicide in many parts of the country. As
shown by the data in table 2, nicotine is only effective for a short period
of time. The effectiveness of nicotine varies with the mean daily tempera-
ture. The maximum effectiveness of this material is obtained when
the mean daily temperature is above 700 F. During the regular grow-
ing season the mean daily is usually below 700 F. Nicotine can be used
because it leaves no poisonous residue.

The mixture of 0.1 per cent pyrethrins with 1.0 per cent DDT is
about as effective as the 3.0 per cent nicotine dust. This material also
does not leave a poisonous residue.

Melon aphids, Aphis gossypii Glov., is the most important insect
problem on fall cucurbits. The data in table 3 compare the effectiveness
of various insecticides in controlling this insect. Parathion dusts were
very effective but cannot be used because of the poisonous residues left
on the melons. A 1.0 per cent pure gamma isomer of benzene hexachlor-
ide dust was very effective. This dust did not burn cucurbits but ordi-
nary benzene hexachloride dust will kill cucurbits. So far we have been
unable to detect benzene hexachloride contamination of melon when
the pure isomer was used. This material is promising and could be used
by growers on a limited scale until they are certain that there is no danger
of contamination and plant injury.

A 3.0 per cent nicotine dust reduced the aphid population for a short
period after application. However, the aphid population built up rapidly
on the cantaloupes within nine days after application. Because of the
short period of effectiveness, control of aphids on cucurbits with nicotihe
dust would be very expensive.

Since the work of Hibbs and Ewert (1946) onion thrip research
work consists mainly of comparing the new insecticides with the recom-
mended 5.0 per cent DDT dust. The results of the past 2 years are
illustrated by table 4. The data in the table show that a combination of
2.5 per cent DDT and 0.5 per cent gamma benzene hexachloride is
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superior to the recommended 5.0 per cent DDT. This mixture has the
quick kill of the benzene hexachloride and a greater residual effective-
ness than either 5.0 per cent DDT or 1.0 percent gamma benzene hexa-
chloride. The 5.0 per cent chlordan was not as effective as the DDT-ben-
zene hexachloride dust but may have a place in the control of thrips on
mw::m cucurbits which are injured by both DDT and benzene hexa-
chloride. A 1.0 per cent parathion dust was as effective as the DDT-ben-
zene hexachloride mixture but should not be used as it leaves a very
poisonous deposit on the plant.
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TABLE 1
Effectiveness of insecticides in reducing cowpea curculio injury
P
Treatments ercent Pods Infested After
2 Applications 3 Applications
5.0% DDT
40.0% Cryolite 23 7
5.0% Chlordan 4.0 2.0
Untreated 15.3 15.6

TABLE 2

Effectiveness of various insecticides in the field against
the turnip aphid

, |Aphid Population per Leaflet at following days

after dusting
Treatments 1 3 7
Per cent Per cent Per cent
Number Control|Number Control|Number Control

0.5 % Gamma benzene

hexachloride 56.0 60.1 4
1.0 N Gamma benzene 03 638 38 613
exachloride 213 91.2 3.4 97.0
; . . . . 53 .
c.wmw\e mvmnmﬁfoﬁ 22.9 83.7 6.0 94.6 35.2 WMM
1.0 % Parathion 01 996 0.0 1000 00 1000

0.1 %Pyrethrins plus
1.0% DDT (impreg-

W

nated) 863  40.5 373 668

D ; . . . 95.5

3.0 % Nicotine 119 915 184 836 qwn %w

Untreated . 1405 119 — 1614 =
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TABLE 3

Effectiveness of various insecticides in controlllng meloh aphids

Ave. No. Aphids per leaf at fol-
lowing days after dusting

Treatments
1 3 9

0.5% Parathion 2.1 4.0 239
1.0% Parathion 0.2 0.9 15.8
1.0% pure gamma isomer of benzene

hexachloride 153.3 50.9 89.2
3.0% Nicotine 118.0 65.5 227.8
Untreated 295.0 257.2 312.4

TABLE 4

Effectiveness of various insecticides in controlling onion thrips

Average number of thrips per
basal 4 inches of plant after ireai-
ment applications.

Treatments
1 Day 5-7 Days
5.0% DDT 5.5 15.5
5.0% DDT with 50.0% Sulfur 4.0 13.9
1.0% gamma benzene hexachloride 1.2 17.7
2.5% DDT plus 0.5% gamma benzene H.N. 10.0
hexachloride iy
3.0% Chlordan 2.6 20.6
5.0% Chlordan 1.4 18.5
1.0% Parathion 0.4 10.0
10.0% Chlorinated camphene 3.8 15.4
Untreated 31.7 37.4

The Use of Anhydrous Ammonia as a Fertilizer
M. K. THORNTON
.Extension Agricultural Chemist

M. K. Thornton graduated from Columbia University in 1914 re-
ceiving a degree in Chemical Engineering. He has worked in
Agricultural Chemistry at A & M College and has been Texas
Extension Agricultural Chemist since 1938.

The topic assigned me for discussion is of great interest and has
captured the imagination of the people throughout the entire -country,
particularly in those areas of mechanized farming,.

The use of ammonia compounds as a fertilizer is an old art. Dur-
ing the recent war a large number of synthetic nitrogen plants were
built in order to meet the military demands. At the conclusion of the
war these plants became surplus. They offered the possibility of furnish-
ing large quantities of fixed nitrogen for industrial and agricultural
use. Under the unprecedented demand for nitrogen for fertilizer and the
availability of these war plants, it is natural that the scientists would
turn to ammonia as a possible source of fertilizer material.

Experimental work dealing with the use of ammonia in irrigation
water was begun in California in 1932. In 1939, research by agricultural
workers in California and more recently in Mississippi was undertaken
for the purpose of determining the adaptability of ammonia in the gas-
eous form to our farm requirements. These investigators found that
anhydrous ammonia may be used as a source of nitrogen without de-
trimental effects to most crops. It may be applied directly to the soil
or in irrigation water. Nitrogen from ammonia is as effective in increas-
ing the yield of crops as nitrogen in other forms, particularly when the
soil is well supplied with calcium.

Yields of Crops From Fertilizing with Anhydrous Ammonia and
Ammonium Nitrate. (Delta Branch - Miss. Agri. Exp. Sta.)

Corn Cotton Qats
Check , 88.6 1454 lbs. seed cotton 27.1 bu.
Anhydrous ammonia 51.1 bu.1971 lbs. seed cotton 46.4 bu.
Ammonium nitrate 50 bu.1974 lbs. seed cotton 43.6 bu.

Anhydrous ammonia is a gas at ordinary temperatures and pres-
sures. It is transported under pressure in the liquid form. In the liquid
form at ordinary temperatures ammonia exerts considerable pressure
and is an explosive and chemical hazard. For this reason it is necessary
that it be stored in high pressure containers and handled carefully. This
means that storage tanks will have to be available and capable of
handling large quantities of this material under high pressures. It might
be handled locally in propane storage tanks, if they are equipped with
proper fittings. Butane tanks are not strong enough. In addition, it will
be necessary for the ammonia container mounted on the tractor or cul-
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tivator to be a high pressure tank, equipped with suitable reducing
valves and applicators that will place the ammonia in the:soil at prede-
termined depths and immediately cover it. Fittings must not be brass,
copper or bronze. They should be made of high grade steel.

Since anhydrous ammonia requires such heavy equipment for
storage and handling it is not likely to be practicable for the small
farmer until contractors in the neighborhood are equipped to handle
and distribute the material. If the acreage being treated with anhydrous
ammonia is of sufficient size, the cost of application may be somewhat
less than the cost of application of other forms of nitrogen fertilizer.

In applying anhydrous ammonia to the soil, the soil should be
moist enough to break well. If the soil is too wet, the applicator nozzles
will freeze up. If the soil is excessively dry, ammonia will be lost in the
air.

Ammonia applicator nozzles should be at least three inches in the
soil. If large amounts of nitrogen are being applied these nozzles should
be deeper in the soil than this. Under good conditions, the soil will re-
tain about ten pounds of nitrogen per acre per inch depth of application.

Anhydrous ammonia may be applied during land preparation be-
fore seeding, or at the time of seeding by putting it into the soil some
distance from the seed. It can be applied also as a side dressing to
growing crops. When applied as a side dressing the anhydrous ammonia
must be drilled into the ground to about a depth of 4 inches. It can be
applied to either row crops or drilled crops. When applied to drilled
crops as a. top dressing the distributor would normally be run across
the drill furrows at right angles. In this way, it will injure relatively
little of the crop.

The use of anhydrous ammonia, and liquid ammonia, is still in
the development stage. As research and development work proceeds
it is possible and probable that this material will be used to an in-
creasingly greater extent.

In the preceding section of this paper, we dealt with the use of
anhydrous ammonia. Perhaps it would be well to consider the use of
ammonia in solution. Gaseous ammonia can be released through a suit-
able orifice into irrigation water and used for fertilizing crops in the
same way as other liquid fertilizers.

Ammonia in solution will give excellent results although the losses
will be somewhat higher than from some of the ammonium salts.

The rate of application of ammonia gas into the water should not
exceed 100 parts per million. This corresponds to approximately 250
pounds per acre foot. Low concentrations of ammonia are less likely
to damage sensitive crops, will lose less by volatilization and will give
more uniform distribution of the fertilizer.

The use of ammonia in solution is not adapted to sprinkler irriga-
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tion because the extreme volatility of the material would result in
high losses. ;

In irrigation water there will be some loss of ammonia into the
air even though it is rather dilute. Data taken from the paper by Chap-
man and published in the proceedings of the 19th Annual Meeting of
the National Joint Committee on Fertilizer Application, June 1944 indi-
cates the following losses from ammonia on an acre basis. It may be
observed that under ordinary methods of handling the amount of loss
is relatively small.

TABLE 1
Calculated Ammonia Losses From
Irrigation Waters at 25° C.
Concentration of NH3 in water: 50 p. p. m. nitrogen !

Solution in
Motion 3

Solution
Quiet

Length Exposure of
Acre Water Surface 2

Hours Percent Loss Percent Loss
0.25 0.7 15
0.50 14 3.3
1.00 2.9 6.6
2.00 5.8 13.2
4.00 10.6 26.4

1 453 pounds nitrogen applied in 4 acre inches of water will
give a concentration of 50 p. p. m. N. .

2 ,E% time required for 4 acre inches of water to disappear in
soil.

3 —:m:.omm by continuous stirring at a rate to simulate the most
rapid movement likely to occur in flow under field conditions.

Owing to the difference in cost between ammonia and its com-
pounds, a small loss by volatilization may not be objectionable.

From the above, I believe that we can see that the use of
both anhydrous ammonia and aqueous ammonia will find increasing ap-
plication throughout certain of the sections of the country.
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VEGETABLE SEED PRODUCTION
By Walter H. Baxter Ir. :
Walter Baxter Seed Co., Weslaco, Texas

Walter Baxter, a native Texan, received his degree from Texas
A & M College in 1923. He has lived in the Rio Q%msam Valley
for the past 28 years, being actively engaged in Vegetable
Seed Production for the past 20 years. He is President of the
Texas Seedmen’s Association.

The production of vegetable seed in this country started with
the harvest of the first crop after the white man settled here. These seed,
however, were far from the type used today. They consisted of the
few known vegetables that the Pilgrims brought over with them and
those they saw the Indians using. The Indians, however, used a type
of maize or corn as their main crop rather than vegetables. Neverthe-
less, these early efforts by our forefathers marked the beginning of
the industry in this country. Since that early beginning great strides
have been made and today the seed industry is one of great importance.
After all, to produce food we must first plant. There will always
be seeding time and harvest on this globe if human life is to exist.

From an early beginning in the New England States the seed
producing areas have spread until they reach the West Coast. As
the lands of the East lost some of their fertility the seed growers
moved westward. However, there are still some vegetable seeds pro-
duced in the East on land that has been in cultivation over 200 years.

The East can still grow some seed as good or better than any
other area. Much of the trial ground or breeding work is still done
there. It is no wonder that for many years Philadelphia was considered
the seed headquarters of the New World. This held true until the
turn of the century when the West was opened up to the plow and the
people established themselves as farmers.

As the railroads extended their lines West and farming increased,
the use of seed increased. Soon the farmers realized the necessity for
the development of new varieties of vegetables that could stand the
longer haul to market. This was the job of the seed grower. Much
research was required and many years of hard work were put into
the development of these new varieties of vegetables.

There are always a great many things to consider in the develop-
ment of a new vegetable. For instance, its edibility, its carrying qual-
ities, its appearance, its adaptability to the area of production must
all be considered by the seed grower. Many plant breeders have work-
ed for years on one single variety of vegetable only to see it go to
pieces before it was considered desirable. One such case was that of
a plant breeder who had worked for five years trying to produce a to-
mato which contained more vitamin E than any other — only to find
at the end of his fifth year that it was impossible to get his tomato
off the plant without pulling the core of the fruit out too. Thus many
hours of hard work came to nought.
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. We must not Hoo_n too long at the failures, but think of the many
fine vegetables we enjoy today that we just take for granted, not realiz-
ing how many years have been spent in their breeding and growing. Many

men have spent their lives producing better varieties of <wmm~wﬂ._mm for
all of us to enjoy.

Since this country was settled by people from all over the world
there was a demand for the vegetables each nationality had m:_.owmm
in their native lands. This gave vent to the importing of seed from the
older .mmmm growing areas. Therefore, for many years most of the seed
used in the United States came from foreign countries. It was not un-
til the advent of World War I that this country realized that we had
to produce vegetable seed for ourselves.

Our first attempts at seed production were like most early ven-
tures, but by ‘the second harvest time we found the proper locations
to grow certain crops and the crops were good. Within a few years
after the war we found that we could grow most seed as well or
better than anyone else. With hard work and American ingenuity our
new found industry grew to great proportions. For example: whereas
before World War I we got most of our carrot seed from wm_.mm::u and
France, now the United States produces most of the world’s supply

of this seed. This is true not only of
g ca ]
vegetables. y rrot, but also of many other

Corn being a native of this contin

: ent has probably shown the
greatest m.m«&owawbﬂ of any cultivated crop. Sweet ooE% is the only
corn classified as a vegetable rather than a cereal grain, nevertheless

eat strides h: i . ]
MM o ave been made in increasing the production of all kinds

The greatest development made in i
. - dev e in increased corn production
MWB@ with the scientific crossing of different varieties. .va.uw method
crossing produced hybrids and today most varieties of seed corn
planted are hybrid varieties.

__To produce any kind of hybrid seed requires a great d i
M%M?o M<9._n which is mmzm by experts in their own mma. ‘ngw% mmmcwm_w
the seed produced by this method is higher in price and always will be
m_.ow: om“gmmom ::wma be made each year as the cross cannot be ~.w?om:nmm.
from, e completed cross or hybrid. With this hybridizing method fully

eveloped wonderful results have been attained. This vear’s mammoth
yields of corn are an example of plant improvement methods,

o & Hrrw fine results obtained with corn encouraged the growers

fo %mmw MH Mmﬂm m_n_m» for commercial vegetable seed production. This
uced some amazing results, but not so outstanding a.

] 3 ng as tha

MWAWMW:M oo:M Today there are many known vegetable E&MQ mmomm

y seed firms and their value is still in the experimental stage.

There are two trends of thought among seed breeders. Some are

of the opinion that single pl i
plant selection, as to e and ity, i
best method, whereas others think that the rv&h.mw are EW:MWWN.\MW zO:m
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course, the old way of single plant selection has been the tried and
proven method for many years and it is hard to make rddical changes
very suddenly, but we do have something to look forward to as work
goes on in the hybridizing of vegetables.

It might be of interest to you to know how some of the single
plant selection work is done. As an example, suppose we find a very
desirable radish in our trial plat. This particular radish has all the
qualities desired as to trueness to type and color; in other words, it is
what we would like for all that stock of radish to be, so we take this
one radish and replant it off to itself and watch it grow. When the
plant starts to bolt or shoot a seed stem we place a bag over the
whole plant. This is done to keep insects and pollen from any other
radish from coming in contact with the seed flowers. After the seed
pods are formed they are allowed to dry and are harvested and stored
until the next planting season.

When the proper time comes, this stock seed from this single plant
is planted in a small plat. This plat is covered with a wood frame about
six feed high and of necessary width on which a light canvas is placed
to make it absolutely insect proof. This is done in order that no_in-
sect may bring in outside pollen and cause the desirability of the plant
to be changed. As the plants continue to grow and, the seed stems form,
the plant breeder places a piece of raw meat in the inclosure that
has been allowed to become alive with green maggots. These maggots
soon hatch out and become adult green flies and begin their attempt to
escape the inclosure. In their attempt they crawl all over the plants,
their blooms and the inside of the inclosure. This gives the blooms the
necessary pollination and the seed pods form without any chance of
outside crossing. Therefore, we have multiplied this one single radish
into what is known as “Stock Seed from a Single Plant Selection.”

This is told merely to give you an idea of the work done by the
plant breeder to develop better seed and to keep the known varieties
as pure as possible. There are many other ways that the plant breeder
works in our behalf to develop vegetables, that have more food value
as well as market appeal. Their job is endless and many times their
efforts are short lived because of market changes and new varieties
that replace the old.

It has often been asked why we cannot produce seed in this area.
The answer is we can on some things, but on others it is impossible
because of our warm climate, the high price of our land and the cost
of production. In other areas where seed is produced the land is
cheaper and production costs are not so high. Then, too, it takes
two years for some vegetables like beet, carrot and cabbage to produce
seed and it is impossible for us to store these through our warm
weather. Another factor that is most serious is the high humidity we
have. This moisture in the seed is very detrimental and causes the seed
to soon lose its germination and vitality. It is even necessary that we

keep all planting seed in cold storage in order to preserve its value;
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Recommended Vegetable Varieties
For the Lower Rio Grande Valley of Texas

By
j. B. Corns

Joseph B. Corns received his B. S. degree from Texas > & M
College in 1927, majoring in Horticulture. He Hmnm_.<ma his HS m
degree from the University of California in 1930 with a major In
Citriculture. He received his Ph. D from Cornell University in
1937 with a Vegetable crops major and Pomology and Plant
Physics minors. :

He was assistant professor of Vegetable Crops at the University
of Illinois from 1937-1941. He served in the U. S. Army as of-
ficer in charge quartermaster market centers from 1941-1946. He
was director of the Citrus and Vegetable Training Center of
Texas A. and I. College from 1946-1947 and is now head of the
Department of Agriculture of Edinburg Junior College.

There is a larger number of varieties found in the vegetable crops
than in any other field of crop production. Many of these varieties
are duplications. Some varieties have only slight differences and should
be known as strains instead of varieties. Leading seed companies are
working to reduce the number of varieties and to eliminate varieties
which are of minor importance or which are practically the same as

some other named variety.

Here in the Rio Grande Valley there has been the trend toward
standardization on a few of the best adapted varieties rather than to
grow a large number of varieties. An example of this is shown with
tomatoes. Several seed catalogues list 50 or more varieties of tomatoes,
but of these 50, there are only about 6 that are commercially grown
here in the Valley and more than 95% of the tomato crop is grown
from 4 leading varieties: Rutgers, Stokesdale, Valiant, and Grothen’s
Globe.

The varieties of seed offered for sale are constantly changing. Each
year some varieties are dropped from the offerings of the seed com-
panies, while other newer and improved varieties are added. It is
significant to note the very large amount of breeding work which
is being carried on by the U. S. Dept. of Agriculture, the State Ex-
periment Stations, and the seed companies in introducing varieties which
not only produce more, but also have better shipping qualities, and
have certain resistance to insect and disease damage. Most of the
varieties of today will within the next five years be discarded in favor
of newer and more productive varieties.

It would be beyond the scope of this paper to discuss the leading
varieties of all vegetable crops produced in South Texas, so only the
crops of major importance will be considered.

TOMATOES
The tomato crop is the No. 1 vegetable crop of the Valley based
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upon carlot shipments and upon acreage planted. There is a fall crop
and a spring crop, but the fall crop is small by comparison.

Gothen’s Globe: For the fall crop the leading variety is Gothen’s
Globe, which is used for the green-wrap shipping and is an early ma-
turing variety. This is considered to be the earliest of all varieties suited
for our conditions. This variety resembles the Break O’ Day, but has a
bright red color with the fruits medium large, globular, firm, and solid.

Valiant: Another variety which is a first early and is so used both for
the fall and the spring crop. This is a short-season early variety requiring
about the same time for maturity as the Grothen’s Globe. The fruits are
large for an early variety and are globe shaped with a bright scarlet
color. An objectionable feature of this variety is the sparse open growth
of the plants, which exposes the fruit to sunscald. In addition it does
not hold up well in green wrap shipment.

Rutgers: For the main or spring crop the Rutgers is the number
one variety and far exceeds all others in acreage grown. This is an ex-
cellent variety for all purpose use and has wide adaptation, but is 2 to
3 weeks later maturing than Grothen’s Globe or Valiant. The variety
is partially resistant to Fusarium wilt which is a distinct advantage.
It is an excellent shipping variety and is definitely preferred by the
shipping trade.

Stokesdale: This is a fairly early maturing variety, though a few
days later than the two early maturing varieties. It is rather extensively
used for the early spring crop.

CABBAGE

Cabbage varieties are continually changing and the trend is toward
smaller headed varieties, since that is the preference shown by the
consumer. Some of the present varieties are passing out and are beir-
replaced by smaller headed sorts. At present, the Texas Experiment Sta-
tion is carrying on some trials using as many as 43,000 cabbage plants
mma %Qm in an effort to secure a variety with a high yield, but with small

eads.

Glory of Enkhuizen: This is the No. 1 cabbage variety of the Val-
ley and produces large, round, solid heads with large gray-green outer
leaves. It is of excellent quality. This variety is a popular, medium-early
cabbage and is a very good shipper. The principal objection to the va-
riety is that the heads are larger than desired, especially when pro-
duced on land of high fertility. Closer planting may be the solution
to this problem of large sized heads.

Marion Market: This variety is the No. 2 cabbage variety of the
Valley and has about the same season of maturity as Glory of Enkhuizen.
The heads are round, firm; the leaves blue-green; and it is well re-
ceived on the market. It is a development from the Copenhagen Market.
but the heads are a little larger and later maturing.




Midseason Market: This variety is the same season of maturity as
the Marion Market, but the heads are larger and are globe-shaped on
short stems, with medium yellowish green leaves, and of good textuve
and quality.

Green Acre: This is one of the newer varieties and is an improved
strain of the Golden Acre. An increasing acreage is being grown and
it is showing up very well. It is an earlier variety than any of the oth-
er described varieties and has the advantage of holding its green color
longer, which is a distinct advantage for shipping.

CARROTS
Imperator (Long Strain): This is the No. 1 bunching and shipping
carrot variety of the Rio Grande Valley, and is probably the most ex-
tensively grown variety in the country. The tops are medium length, but
are sufficiently strong for good bunching. The roots have rounded should-
ers, smooth, deep rich orange color extending to the core, and are of
excellent quality.

Chantenay (Long Type): This is a second carrot variety here in
the Valley that serves both for bunching and for canning. It is nearly
a week earlier than the Imperator. It has roots that are smooth, tapered,
stump-rooted; and a very good deep orange flesh with an indistinct core.

Red Core Chantenay (Canner): This is a strain of the Chantenay
variety especially bred for the development of interior color, which is
a quality demanded by the canning trade. The roots are somewhat short-
er than the Improved Chantenay; the flesh is reddish orange with in-
distinct core of nearly the same color.

POTATOES

Bliss Triumph: This is the principal variety grown in the Rio Grande
Valley. It is very early, round, red-skinned, with reddish violet sprouts.
The vines are small and compact and the yields are not large. Its prime
advantage is its earliness and its good adaptation to the oil and weather
conditions of South Texas.

GREEN CORN

Green corn is a very important spring crop for the Rio Grande Val-
ey. No variety has yet been developed which is ideally suited for the
Valley. The corn earworm is the major problem in sweet corn production,
therefore much breeding work is being done, both in South Texas and in
the North to secure hybrids that are less susceptible to earworm damage.
Mr. E. V. Walter of the U. S. Dept. of Agriculture has carried on ex-
tensive breeding trials here in the Valley for a number of years, and
from these trials some promising hybrids are being produced which have
resistance to earworm injury coupled with high-yielding qualities.

Ioana: This is the leading yellow sweet corn hybrid now grown in
the Valley. This hybrid was originated by Iowa State College, and was
commercially developed by the Associated Seed Growers and was award-
ed the Bronze Medal in the All-America Trials in 1939. It is an attractive
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hybrid which is very resistant to wilt. The ears are 7%2 to 8 inches long,
12-14 rowed, and well filled with medium-narrow light yellow kernels.

Erie: There is a limited acreage of this new hybrid being grown,
and it is probable that more will be grown in the future. This hybrid was
awarded Honorable Mention in the All-America Selections for 1947. It
has about the same season of maturity as Ioana or about 88 days. The
ear is 12-14 rowed, cylindrical and slightly tapering. This is a promising
variety for the Rio Grande Valley.

Bantam Hybrid No. 57: This is a new introduction which has con-
siderable earworm resistance. This variety has shown promise in the
trials and will likely be used in increasing amounts when more seed is
available.

ONIONS

The production of green and dry onions is an important industry in
the Valley. Green onion production, however, is small as compared to
that of dry onions. The four leading varieties in order of their impor-
tance are: Excel, Yellow Bermuda, Crystal Wax, and Texas Grano.

Excel: This is the leading variety of South Texas. It is a heavy yield-
ing variety of the Bermuda type which was developed by the U. S. De-
partment of Agriculture in cooperation with the Texas and California Ex-
periment Stations. It is approximately 10 days earlier than other Ber-
muda varieties and is more resistant to splitting and bolting, which makes
Excel a preferred variety. It produces bulbs that are uniformly thick-
flat; with small tops and necks. The variety Excel received the All-Amer-
ica 1948 sectional award for the Bermuda onion growing areas of the
South and Southwest. :

Yellow Bermuda: This variety produces medium sized flat type
bulbs. The skin is light straw color, thin, and loose; flesh nearly white,
sweet and mild. This variety is of second importance for the Lower
Rio Grande Valley. v

Crystal Wax: Sometimes called White Bermuda, this variety is es-
sentially the same as the Yellow Bermuda previously described, except
for color. This is the variety to supply the trade that prefers the early
white onion. .

Texas Grano: This variety is a selection from the Babosa (Early
Grano) made at the Texas Winter Haven Experiment Station. It was
selected for greater uniformity of maturity and earliness. It is a desirable
strain for Texas and may well increase in popularity with the trade.

BEETS

. The beet production for the Rio Grande Valley is primarily a ship-
ping deal, so the principal varieties are those for bunching.

Green Top Bunching: This is the leading variety and is by far the
most important. It is characterized by the green tops which are erect,
uniform in size and color, and it bunches very attractively for the mar-
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ket. The roots are round when young, becoming flattened globe later,
deep red, smooth, with small tap root. The flesh is a deep dark red,

tender, and of excellent quality.

Detroit Dark Red: There is some acreage of this variety which is
particularly adapted for canning, although some are used for bunching.
This has long been a favorite with the canning trade due to the dark
red color of the flesh with only indistinct lighter red zones, which pro-
duces an excellent canned product. It is about 10 days later maturing
than the Green Top Bunching.

Perfected Detroit (Canner): This is an improved strain of Detroit
which is well adapted for canning and is of second importance only to
the Green Top Bunching here in the Rio Grande Valley. Its general
characteristics are the same as those described for the Detroit Dark
Red.

PEPPER

The @owvma crop has been of lesser importance to the Lower Rio
Grande Valley, but has shown a steady increase in production during

the last 5 years.

California Wonder: This is the leading variety grown. The fruits are
mostly 4-lobed, very attractive, smooth, uniform and deep green, chang-
ing to bright crimson; the flesh is very thick, sweet and mild. The plants
are vigorous, upright, and yield well. The season of maturity is about
75 days from the time of setting the plants in the field.

BEANS

A large acreage of beans is grown here in the Valley. Some of this
acreage is for canning, but it is mostly for shipping.

Stringless Black Valentine: This variety is of first importance for
the shipping trade, and is well adapted for long distance shipping, since
it retains its color and texture very well. The plants are erect, prolific,
and ‘bear very attractive oval pods, nearly straight, dark green, strictly
stringless and of fine quality and flavor. It matures in about 50 days,
so is classified as an early variety.

Stringless Green Pod or Tendergreen: This is a variety of first
importance for the canning trade. The plants are of medium size, bear
well, and the pods are nearly straight, dark green, round, meaty, and
succulent. It has the same maturity as the Stringless Black Valentine.

U. S. No. 5 Refugee: This is of second importance as a canning
variety, and is grown extensively. It is highly resistant to common bean
mosaic and the plants are similar to the regular Refugee except the pods
are slightly smaller in diameter and are longer.

Ranger: This variety, an improved Refugee, is a new introduction
which won the All-America Bronze Medal in 1947. The variety is
characterized by its pecuilar habit of growth, disease resistance, and
high yield. It is a canning variety. At this time a very small acreage has
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been grown here in the Valley, but unquestionably, a greater acreage
will be grown in the future.

Cowpeas: Cowpeas are more properly grouped with beans than
peas. This is coming to be a very important crop for canning and will
likely continue to increase since cowpeas can be used as a soil-building
crop that also produces some revenue. The Purple Hull (Brown Eye)
and the Black Eye, Half-runner are the principal varieties used.

EGGPLANT

,H.Em_.mmo_aow.Ommwoo:membolwsomﬁrmﬁ_.mmEEumm Eomzv\ vv\
truck or loaded in mixed cars. v

Black Beauty: This is the No. 1 variety of the Valley, &wmnamsm
practically all of the plantings. The fruits are large oval shaped, smooth,
very dark purple, and will hold color well after picking.

Fort Myers Market: This is the only other commercial variety, but
the plantings are very light as compared with the Black Beauty. Fort
Myers Market is characterized by producing tall plants that are vigorous
and very resistant to blight and other diseases. The fruits are long
oval, with no neck at the stem-end; a characteristic that &mmsm&mrmm
them from the globe to oval-shaped fruits of the Black Beauty.

LETTUCE

Lettuce is the crop which has shown the greatest increase in acre-
age during the last three years, and will likely continue to increase since
the varieties that have been introduced are adapted especially for South
Texas. This subject will be discussed at length in another paper on the
Institute program, therefore little will be given here about the recom-
%mmeM varieties. The two leading varieties are Great Lakes and Cornell

0. 456.

Great h&&mu A sure heading variety which is slow-bolting, shows
considerable resistance to tipburn, and matures in about 83 days.

Cornell No. 456: A variety developed by the U. S. Dept. of Agri-
oc::z.w and Cornell Experiment Station as a summer _mz:%m.%:. medc
York, it has proved to be one of the best varieties for South Texas. The
vmmu@w are a little smaller than Great Lakes and mature a few days
earlier,

BROCCOLI

There are only two main varieties grown here i —
DeCicco and Medium Sprouting. & ere in the Valley:

DeCicco: This is the more important of the two varieti i

eties and.
about 10 days to 2 weeks earlier than the Medium Sprouting, It is oo:mﬂ
ly good m.o_. v:z&:n.m or for freezing and is very productive. The plants
M_.w medium tall, light green in color and will mature in about 60
ays.

b EQ&:S Sprouting: This variety is later maturing than the variety
eCicco, but the plants are larger, more vigorous, and will produce
sprouts over a longer period.
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Lettuce Production in the Rio Grande a,wm:@%

By
J. R. PADGETT

Manager Demonstration Farm
Rio Farms, Inc., Edcouch, Texas

ent 6 years with the Forest Service, starting when
W@Mmﬂm%ww»mwn the Wnﬁmiﬁﬁa of the Interior and transferring
with it to the Department of Agriculture. The next 25 years were
spent in operating farms and ranches in various sections of the
United States, from Wyoming to Texas and in the Republic of

Mexico. He returned to the Department of Agriculture to work

for the next 10 years on farm management and crop production

rograms. Mr. Padgett was assigned to this mwnaou of Texas
wcrmmm Rio Farms was started and helped in its organization.
He remained with this organization and for the past 7 years
has been the Farm Demonstration Manager of Rio Farms, Inc.,

Edcouch, Texas.

The production of head lettuce on a commercial basis, is new in the
Valley. It is so new, in fact, that is is yet on an experimental basis and
will probably remain there for several years to come.

Many growers have attempted to omﬁwv:mr.?a crop in .nrm Valley
since it became an agricultural area, but have failed — primarily because
the crop bolted, or went to seed, before a md.b head was established.
Only within the last two or three years has this tendency to bolt been
overcome and that was accomplished by the introduction of new, heat
resistant varieties of lettuce into the area.

Apparently, many breeders have been coping with the problem of
fortifying their new lettuce varieties with the ability to reach a :o_.m:m_
development in areas previously thought too hot for lettuce growing.
Several varieties have lately demonstrated their ability to produce ex-
cellent crops in the Valley with little or no bolting. The first of these
that came to the attention of Valley growers, are Great Lakes and a
variety known locally as Stewarts Special.

In November 1946, these two varieties were planted on the test
plots of the Demonstration farm operated by Rio Farms, Inc. at Monte
Alto. The two varieties were planted side by side on the same day and
given identical treatment. The planting was made on a rather __%.:
sandy loam that sloped into a lagoon area where the soil was dark in
color and considerably heavier. In ninety days, the Great Lakes variety
growing on the heavier land was ready to cut and the Stewarts Special
was ready on the ninety-seventh day. On the sandier areas of the two
varieties, maturity came some 8 to 10 days later, by which time all
the crop had been harvested from the heavier soil. Both varieties pro-
duced an excellent crop of firm heads that graded largely No. 4 U. S.
Fancy. There were about 30% No. 5 and probably 5% No. 3. The
larger heads were produced on the heavier soils. The Great Lakes
cut 300 boxes per acre and the Stewarts Special, 350 boxes per acre.
There was very little difference in quality. The following year, in the
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fall of 1947, both Great Lakes and Stewarts Special were again plant-
ed on Rio Farms test plots and a third variety — Cornell 456 — was
added. The planting date was moved back some thirty days — to October
11 — and the same type of soil was used as on the previous year. This
year, due to an unseasonably hot December, we were harvesting lettuce
in sixty-five days, and both the quality and yield were far below the
previous year. Of the three varieties, Great Lakes, Stewarts Special
and Cornell 456, the latter variety yielded a higher percentage of mer-
chantable heads of a uniform size, than either of the other varieties.
Again with all three varieties, the earliest and best production was on
the heavier soils. Our average production for this season was 186
packed out crates.

It has been necessary to refer to the work done by Rio Farms on
its demonstration plots, because I am familiar with their results. Con-
sequently, I can report their findings with accuracy.

The third year’s work with lettuce, is now drawing to conclusion
on these plots and many varieties new to the Valley, are approaching
maturity. These include Ferry-Morse Strain of Great Lakes, also
their Imperials No. 44 - 152 - 615 - 846 and a new Woodruff introduc-
tion known as A36. It is too early, at this time, to report on these varieties,
but at this time (December 1st), they all seem happy in their Valley en-
vironment. It is reasonable to expect that among them, there are va-
rieties that will equal or surpass those that have already made good un-
der our conditions.

There is every indication that lettuce will become one of the
major vegetable crops of the Valley. Many factors, at this time, point
to this conclusion. Our sandy loams are ideal, especially where they are
well supplied with organic matter. The 7.5 near average pH of our Valley
soils, is satisfactory for the production of high quality lettuce. Our water
situation during winter months is seldom an embarrassing factor and
our labor situation is far better than any other lettuce producing area
in the United States.

There are many things that we will have to learn and apply, be-
fore this becomes a major crop, such as, the selection of proper soils and
fertilizers and the most efficient methods of applying these fertilizers.
It has been demonstrated in the older lettuce growing areas, that the use
of manure as a fertilizing agent is profitable. Tests over a five year period
in California, demonstrated that a combination of manure and com-
mercial fertilizer produced better yields and quality than either straight
applications of manure or commercial fertilizer. This practice is follow-
ed consistently in that section where manure is available. It is also
found desirable to place all fertilizers in an area as close as possible to
lettuce plants. They have a relatively small root system and profit
most from nutrients within easy reach. It may develop that a fertilizing
practice that will further lower the pH of our soils, will be found de-
sirable. This crop seems to thrive better on soils that seem to have a
slight acid reaction; however, its performance is satisfactory in Cali-
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fornia soils, with a pH considerably higher than our Valley soils.

In the light of our experiences on Rio Farms, it is probable that
the lettuce industry in the Valley will reach its most w.nom;wv_m levels on
the heavier sandy soils, typical of the Santa Rosa, Rio Ew:m@ or Ray-
mondville areas, and where special effort is made to maintain a high
organic content in the soils.

Apparently, there is not much to fear from disease or insect wommom.
Lettuce is subject to many diseases, but few losses rwwm occurred in any
of the areas where it is commonly grown. Its chief insect enemies are
plant lice or aphis, and green loopers, both of which are easily controlled

with insecticides now available.

The introduction of the Great Lakes variety of lettuce has revolu-
tionized growing and marketing conditions on lettuce. Prior to the de-
velopment of this variety, there were peaks and valleys in the Bma_nm.?
ing of lettuce, because old varieties would only produce under certain
conditions and at certain times. Great Lakes has the ability to produce
under most any condition and at most any time and oosmm@:.m:avr has
leveled off the valleys in selling, so that now there are no periods when
the grower does not have ample competition on the markets.

This situation reflects to the Valley’s advantage, because of the
factors previously mentioned, i.e. - land rentals far cheaper than com-
petitive areas, ample water and a fair assurance of water at the critical
period, and an inexhaustible supply of cheap labor. Competent author-
ities, who are familiar with the details of lettuce production, figure that
the Valley can raise, pack and market a box of lettuce at a price of one
dollar less than any competing area — which alone assures lettuce of
a place in the picture of Valley activities in the future.

w
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CHEMICAL WEED CONTROL

J. W. GissoN,

Technical Service and Development, -
The Dow Chemical Company

J. W. Gibson is a native Texan, a graduate of the School of
Agriculture of A & M College of Texas. For the past three years
he has been employed by the Dow Chemical Company as a rep-
resentative of their Technical Service and Development Division,
devoting much of his time to solving vegetation control problems.

The control of weeds by chemical means is not a substitute for
other methods of weed control such as tillage. In the case of row crops,
weed killing chemicals make it possible to reduce the amount of hand
weeding necessary. In drill crops and in pastures, they make possible the
control of weeds which otherwise ios_% not be controlied. Discoveries
of new weed killing chemicals during the past few years, and an under-
standing of the special techniques necessary to apply them are the basis
for the development of a new era in agriculture as revolutionary, perhaps,
as the adaptation of the gasoline tractor to farming. In certain crops,
chemical weed control has brought about greatly increased yields and
net profits.

It is important for every grower to understand that there is no
“shot-gun” chemical or method of controlling weeds. The right material
must be used in the right way at the right time and in the right place.
Of course this requires a certain amount of basic information regarding
herbicides and how to use them.

We can divide chemical weedkillers into several general classes,
based on the manner in which they act on the plant.

1. Soil Sterilants.

Soil sterilants kill by creating a toxic condition in the soil, the
duration of which depends on the chemical used and the quantity applied,
as well as soil and rainfall factors. Where a vegetation-tree condition is
desired. arsenicals, boron and chlorates may be used provided sufficiently
heavy applications are made and repeat treatments put on as required
in the event of plant recovery. Chemicals such as these as well as certain
volatile gases such as carbon bisulfide have been used for treating
localized areas for the eradication of perennials such as field bindweed
and Johnson grass. To a large extent, 2,4-D has replaced the soil sterilants
for the control of many perennial weeds. Certain chemicals that break
down quickly have been used for killing weed seeds or preventing their
emergence. Among these is calcium cyanamid, which has been used for
treating tobacco plant beds and certain other areas.

2.4-D is being used to control grass seedlings as well as seedlings
of broad-leafed weeds. As a pre-emergence spray, it controls weeds with-
out damaging certain less susceptible crops such as corn. Soil type, rain-
fall, depth of planting, and crop are factors which influence the success
of pre-emergence weed control with 2,4-D. On many crops, this develop-
ment should be considered still in the experimental or trial stage.
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Recently it has ben found that Dowfume MC-2 (Methyl Bromide
containing 2% Chloropicrin) when properly applied. will give an ex-
cellent kill of weed seeds, underground bulbs, rhizomes, roots, as well as
nematodes and other soil pests. Dowfume MC-2 gas must be confined
in order to build up a concentration that will be toxic to weed seeds,
Johnson grass and Bermuda grass rhizomes, and to nutgrass nuts. This
is accomplished by placing a gas-proof cover over areas to be treated
such as hot beds, cold frames, seed beds and flower beds. An attractive
feature in the use of Methyl Bromide as a weed seed killer is the fact
that 96 hours after the treatment is applied, the ground will be sufficiently
free from gas to allow seeding or transplanting.

9. Contact Herbicides

Several different materials have been used from time to time to
kill top growth by contact action. These materials are not absorbed,
translocated and carried into the roots. Also, there is little likelihood of
drift injuring other vegetation in the vicinity, if reasonable care is taken
to prevent the spray from actually wetting the other vegetation. In fact.
thorough wetting is necessary for these contact herbicides to be effective
as weed killers. Small annuals are killed by a single treatment, but
perennial plants are killed only by repeated application and gradual
exhaustion of the root reserves. A common contact herbicide is petroleum
oil. Recently, certain phenolic compounds applied in oil emulsions have
come into use. These sprays give a contact action similar to that of
straight oil and since they contain considerable water are in many in-
stances less expensive for treating ditch banks, roadsides, orchards areas
and fence rows.

Contact herbicides are sometimes used to eradicate annual weeds
from such established perennial crops as alfalfa. Usually the spray is
applied during the season when the alfalfa is relatively dormant. The
alfalfa is harmed very little if at all but most small weeds are killed. In
o:_m mm:v% this is a selective syraying technique, yet all exposed foliage
is burned.

3. Selective Herbicides

When applied under proper conditions and at suitable concentra-
tions, selective weedkillers control weeds without harming crops. There
are four types of selective weedkillers, based on the way they affect the
plant:

(1) Selectivity based on minimum wetting of the crop and limited
absorption of the toxicant because of leaf wax protection. If foliage is
treated while crop plants are quite small, grains, flax, peas, alfalfa, gladioli,
and under some conditions onions, are difficult to wet by aqueous sprays
because of their leaf shape and relatively thick and continuous leaf wax
or cutin. That part of the toxicant which does adhere to the plant is not
readily absorbed. In recent years, salts of certain phenolic derivatives
have been widely used for the control of annual weeds, particularly in
the United States and Canada. Among the commercial products which
are used as selective herbicides in this category are Sinox-W and Dow
Selective Weedkiller. Other materials which have been used as selective
contact weedkillers include sulfuric acid and sodium pentachlorophenate.
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(2) Selectivity based on the physiological resistance of carrots,
parsley, parsnips and related plants to certain petroleum fractions. Since
about 1942, Stoddard solvent, stove oil and other light petroleum fractions
have been used for the selective spraying of carrots and related crops.
Why most small weeds are killed by this treatment while the crops
mentioned grow unharmed is not understood. It is my understanding
that a petroleum fraction known as John Deere tractor fuel has been
used successfully in the Rio Grande Valley for weeding small carrots. I
would caution those who use this material to investigate the possibility
that this oil may impart an oily flavor to the carrots. I am informed that
one of the local refineries is to offer a carrot oil for sale which, if properly
used, should be consistent in its weedkilling effectiveness and relatively
free from the danger of imparting oil flavor to the carrots. If any
petroleum fraction is used too near the time when carrots are harvested,
it is possible that the oily flavor will be imparted to the carrots. Therefore,
if petroleum selective sprays are used for carrots, they should be used
while the carrots and weeds are small.

(3) Selectivity based on differential plasmolysis when sprayed
with salt solutions. The use of saturated or near saturated solutions of
various salts as selective sprays on beets is in the developmental stage.
Just why garden beets, sugar beets and certain of their relatives are not
killed by this method, while many weeds are killed, is not clearly under-
stood.

(4) Selectivity based on physiological resistance to the herbicidal
action of growth regulating substances or plant hormone type of selective
weed Kkillers, such as 2.4-D. 2,4-D and other similar materials so upset
the growth of many plants that death occurs. 24-D is selective in that
most members of the grass family and some other kinds of plants are
not seriously affected by it when it is used in the right way and at the
right dosage. It may now_be used as a selective weedkiller on grain, rice,
sugar cane, sorghum and corn. It looks extremely promising on straw-
berries, brambles, asparagus, potatoes and flax. It is very useful on
lawns, pastures and rights-of-way to kill many kinds of herbaceous and
woody weeds without destroying the grass. If 2,4-D is properly applied,
its uses are legion. However, such sensitive plants as tomatoes, cotton,
okra, cucumbers, sweet potatoes, blackeyed peas and snap beans can
be adversely affected by very low dosages characteristic of spray drift.
Even with liquid sprays, 2,4-D may drift dangerously if applied in winds
or if too high pressures are used. When 2,4-D is applied by airplane, only
qualified airplane operators should be employed who, by their past
experience, have demonstrated that they know when and where and
how to apply 2,4-D safely.

The use of chemical weedkillers as an aid in crop production has
already proved very profitable in many parts of the country. The use of
the newer chemicals and new ways of using some of the older materials
should minimize the weed problem of the vegetable grower. Some of the
ways in which herbicides are proving useful in various parts of the country

will be reported here, not as recommendations for the Rio Grande Valley,
but as suggestions for Experiment Station and farm trials. Because of
differences in kinds of weeds, in climate and soil conditions, and varieties
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and cultural practices, the methods of using herbicides will necessarily
vary from place to place. B
Pre-emergence and Preplanting Weed Control

A new “wrinkle” in the rapidly expanding weed control field is
the use of pre-emergence sprays to destroy wee seedlings prior to the
emergence of crop plants. In addition to using these sprays after planting
of crops, they can be used to a_distinct advantage to clean out weeds
immediately before the crop is planted.

Various shallow tillage methods have been used in attempts to
kill these tiny weeds without hurting the germinating crops. Such methods
have definite limitations, not only because the crop plants are injured but
also because killing weeds during the wet weather by shallow m.Q.w»anm
of the soil is often very difficult. Chemical spraying for killing tiny weeds
that may be up before the crop, has been under experimentation mw:._:m
the past few years. Especially during moist weather this H”:nﬁwo& is far
more successful than pre-emergence tillage. If properly timed, risk to
many kinds of crop plants is negligible.

Pre-emergence spraying has certain limitations, but it seems to
have a definite place in the production of some crops as a practical method
of reducing hand weeding and hoeing costs. Although pre-emergence
spraying is not entirely past the experimental stage of development, it is
ready for small scale trials under varied conditions and on various crops.
It appears to have a place in home gardens, nurseries and outdoor
flower culture, as well as in the production of certain market garden and

field crops.

At the outset one should avoid the idea that pre-emergence spray-
ing will eliminate the need for other control methods. Some weeds will
always emerge too late to be killed by pre-emergence treatment, and
these must be controlled by other means. Just how much good a pre-
emergence treatment will do depends upon the length of time that elapses
between seeding and crop emergence, on the species of weed seeds
present, and on soil moisture and temperature conditions.

For example, pre-emergence spraying of onions might be success-
ful on one field where pigweed (Amaranthus retroflexus) is prevalent be-
cause the seedlings of this weed would break the surface before the
onions. On another field, where there were few seeds of quick-germinat-
ing weed species in the soil, pre-emergence spraying of onions would be
of less value.

The weather also plays a part in deciding whether a pre-emergence
treatment will prove of value. When a cool period happens to follow
the seeding of a heat-loving crop such as beans or corn, many cool-
weather weeds may emerge first. T.m-manmn:oo spraying will often
prove useful under such circumstances, but if the same crop is planted
in the same soil during warm weather there may be so few weeds up
first that the treatment would be far less valuable.

Not only does the potential value of pre-emergence spraying
depend upon conditions, but proper timing of the application is very
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important if one is to avoid risk to the crop itself. The sprays used will
be just as deadly to tiny crop plants (once they break the surface) as
they are to weeds. If rain Eﬁmﬁmgm and the application is delayed, one
may have to skip it entirely in order to avoid injury. Experiments have
indicated some crop damage when heavy rains followed treatments. In
spite of these limitations growers have saved a tremendous amount of
hand labor by properly timed pre-emergence sprays.

Because the rate of germination and emergence varies so much
with soil temperature and moisture, no absolute rule can be laid down for
timing on application in relation to the time of seeding. Seedlings that
may take two weeks to make their first appearance during cool spring
weather may emerge in half that time when the soil is warm. Keen obser-
vation will be the primary key to successful spraying. One must observe
the development of seedlings below the surface and decide for each plant-
ing just when the latest safe time for spraying has arrived. Of course the
_os%ma one can wait without risk to the crop, the more weeds will have
had a chance to emerge.

Species that push a husky leaf through the ground first, such as
potatoes, gladioli and the various flowering bulbs, can be seen readily
and even if an occasional leaf tip should be “burned” by the spray, no
permanent damage to the crop will result. With the small seeded crops,
on the other hand, one must use diligence in observing the germination
process and take great care not to injure the tiny plants by spraying after
they first break the surface. Plants with two seed leaves are known as
dicots and are especially vulnerable if the spray is applied a little too
late. Their tiny stems break the surface first and any injury is disastrous.
With monocots, such as onions, the growing point is protected below
ground at the time the first leaf shows above the surface. Even so, spray-
Ew should not be done after emergence because injury to this seed-leaf
will slow the growth of the seedling.

Many weeds of the dicot type may be just breaking the surface
when the spray is applied and these will be killed even though the
operator does not realize they are there. When at the stage where only
the tiny bent stem has pushed through, small-seeded weeds can be seen
only by very careful examination of the surface. Almost invariably, pre-
emergence sprays kill more weed seedlings than one realizes at the time
of application. ,

A delay in planting of several days after fitting the ground has
been used successfully as a means of getting more weeds up before the

crop. It is well known that weed seeds ordinarily germinate mostly in

“ the top one or two inches of soil. If these surface weeds are allowed to

get started and the soil disturbed as little as possible at the time of plant-

' ing, pre-emergence spraying can be used successfully with quick-ger-

minating crops such as beets. Even with plants that are slow to emerge,
this scheme of fitting the soil a little in advance of planting may increase
the value of pre-emergence treatment. A planter with a knife-like opening
device and compression wheels for covering would tend to disturb the
soil less than conventional planters now in use. If the ground becomes
<on compact from excessive rains after fitting this technique will not
work.
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Petroleum fractions such as stove oil and Stoddard solvent have
been used on a limited scale for pre-emergence treatment. They are
rather expensive and certain weed species such as wild carrot and rag-
weed are resistant to their action. Stoddard solvent has the distinct ad-
vantage of being volatile and there is practically no chance of a toxic
residue injuring the crop as it comes through.

The phenolic contact sprays which are usually ap ram in an
emulsion form are inexpensive and very effective on see lings of all
species of weeds. They do leave some residue but the quantity o toxicant
actually applied is so very small the risk is negligible if the application
is properly timed. As they undergo decomposition rather quickly in the
soil, toxic residues are quite temporary.

Tests in 1947 and 1948 indicated rather clearly that for pre-
emergence work the weed killer should be applied in a moderate .<o_=5m
of water as a fine spray. Tiny weeds will retain very little liquid, par-
ticularly when only the stem is pushing through the soil. If an emulsion
is too dilute, insufficient toxicant will be in contract with the weed

seedlings to kill them.

The phenolic contact sprays can be used economically for a pre-
planting treatment to kill small weeds. Ground that does not compact too
badly can be fitted and fertilized some time in advance of plantings
and weeds killed after they emerge. This type of treatment involves no
risk to a subsequent crop and may prove highly profitable under some
conditions. Reworking with tillage equipment destroys the weeds but
stirring the soil tends to bring more seeds to the surface where they may
germinate after seeding. Crop land that is fitted early in the season may
be kept free from annual weeds for later planting by spraying with a
contact weed killer. As perennial weeds and grasses quickly resprout
after being burned to the ground with contact sprays, soil must be free
of perennial species in order to make the best use of this preplanting weed
control system. Where weed growth warrants, a combination of a pre-
planting spray followed by a pre-emergence spray may be used.

Selective Spraying of Carrots

Growers have found herbicides particularly useful on certain
vegetable crops. In the recently released circular bulletin 136 from the
California Experiment Station, Dr. A. S. Crafts sets down some precautions
regarding the selective spraying of carrots with oil.

1. Use only stove oil or a special fraction having a gravity rating
in A.P.I. units of 37 degrees or above for killing weeds in carrots.

9. Never use Diesel or similar heavy fuel oils to spray carrots.

L.

Diesel may be used only for pre-emergence spraying.

3. Apply just enough oil to wet the plants; more runs off and is
lost.

4. Apply stove oil only to young carrots having 1 to 4 true leaves.
A more refined oil, however, may be used up to within 6 weeks of harvest.

5. Move the sprayer through the field at constant speed. Adequate
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mo:wm%m should be used in the suction line of the pump so that nozzles do
not clog.

6. Shut off the spray before stopping in the field to clean nozzles.

7.If excess oil is accidentally applied in one spot, hoe out those
plants, because a few heavily contaminated carrots may cause rejection
of a whole shipment.

8. Do not harvest carrots until the oil flavor and odor have dis-
appeared. This may be determined by preparing, cooking, and tasting
random samples from the rows.

Onions
Selective spraying of onions in the Northwest and in California

with the dinitro selective sprays, such as Sinox and Dow Selective Weed,

Killer have been used successfully. In other sections of the country, the
use of these materials has not proven entirely predictable. At the present
time, I understand that experimental work with a formulation containing
potassium cyanate shows promise.
Peas

Canning peas in the northern states are often sprayed with a
dinitro selective and this operation has proved very successful. A little
leaf burn usually occurs but careful tests at the Michigan and Wisconsin
Experiment Stations indicate that this does not affect the yield. Great
benefits have often resulted from weed control, particularly on drilled
peas where no cultivation is possible. We do not know whether the black-
eyed peas that are grown under Valley conditions can be successfully
treated with a dinitro selective weedkiller.

Sweet Corn

In many sections of the country, both field corn and sweet corn
are being successfully treated with 2,4-D. Only carefully conducted field
trials will determine whether 2,4-D can be successfully used on com
grown in the Rio Grande Valley. If proper precautions are observed, I feel
that 2,4-D can be used without damage to adjoining crops. I would sug-
gest that anyone planning to use 2,4-D in any form, should get a copy
of Miscellaneous Publication No. 14 published by the Texas Agricultural
Experiment Station, entitled “Warning To Those Planning To Use 2,4-D
Weedkillers.” I would strongly recommend that those planning to use
2,4-D Weedkillers pay particular attention to the precautions concerning
drift, spray pressures, and the formulation of 2,4-D used.

Beets ;

Solutions of common salt as a selective spray for beets look promis-
ing in the northern and eastern states. On many soils in that area salt is a
desirable fertilizer for the beet crop. This is not the case in your area
and if the method is tried, as little salt as possible should be used. This
can be done by using just one spray nozzle per row and covering only a
four to six inch band over the row. Some weeds such as lambsquarters and
purslane are also tolerant of salt, so the success of this method depends
on the kinds of weeds present. The Michigan Agricultural Experiment
Station suggests two pounds of salt per gallon or as much as can be
dissolved. They also recommend the addition of a wetting agent to pro-
mote good wetting of certain weeds that are likely to shed the spray other-
wise. Beets should be sprayed when they are in about two leaf stage.
Later the weeds were large and more difficult to kill. Apply enough of
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the spray to thoroughly wet the weeds with as much li uid as they will
hold. With one nozzle per row this is likely to be at least forty gallons per
acre, depending of course, on row spacing and weed size.
Spinach )

Certain growers of spinach have been very successful in using
pre-emergence and pre-planting selective spraying of weeds in the spinach
growing areas of Texas, using dinitro materials.

Perennial Weed Controls

There is no doubt that weedkillers are very useful for the on:ﬂ.o_
of local areas of perennial weeds on vegetable land. Even the soil sterilants
may be useful where only a small patch becomes infested. The grower
can well afford to have a small parcel of land out of cultivation for a
couple of years in order to eradicate a new weed that he has not rw.m be-
fore. I suggest that you follow the recommendations of the Experiment
Station and the manufacturers of the various weedkillers, for perennial
weed control.

Vegetation Control on Drainage and Irrigation Ditches
and on other Rights-of-Way

The accumulation of debris in irrigation ditches, drainage ditches,
and other non-cultivated areas is an ever present problem, ww&oawaw in
areas with as long a growing season as the Rio Grande Valley. Just now,
considerable research work is going on with chemicals to kill Johnson
grass, Bermuda grass and Joint grass. However, until such time as a
material which will eradicate these troublesome grasses is found, 1 suggest
that serious consideration be given to the contact type weed killers. In
areas where a power mower can be used, this machine will prove very
useful. However, on most ditch banks it is not practical to try to use a
mower. In this case, a contact weedkiller such as Dow Contact Weedkiller
may be used to keep the vegetation under control. :

Control of Aquatic Plants

2,4-D is recommended especially for control of many of the emer-
gent aquatics such as water hyacinths., Cattails and tules are more
resistant and experimental work with these aquatics is now under way
in the Rio Grande Valley which shows considerable promise. However,
because of the inherent hazards involved in the use of 2,4-D on irrigation
canals, we cannot recommend its use where the water from the canals
is to be used to irrigate susceptible crops. For treatment of moss and other
submergent aquatics, trichlorbenzene and ortho-dichlorobenzene have
been used. However, I have no information on this, and would advise that
anyone interested consult the Experiment Station for information con-
cerning their use. I understand that in certain instances these materials
may kill fish.

In conclusion I would like to say that I have discussed some of
the important fields in which chemical weedkillers may be used, and I
would suggest that for further information concerning them you consult
the Experiment Station, the County Agricultural Agent, and representa-
tives of the concerns who manufacture and sell weedkilling chemicals.

Again I repeat that it is important for every grower to understand
that there are no “shot-gun” chemicals or “shot-gun” methods of con-
troliing weeds. The right material must be used in the right way at the
right time and in the right place.
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THE TOMATO IMPROVEMENT PROGRAM
OF THE SOUTH

by
A. L. Hagrison,

Plant Pathologist
Texas Agricultural Experiment Station
Tomato Disease Laboratory
Yoakum, Texas

Dr. A. L. Harrison obtained his Ph. D. in Plant Pathology at
Cornell University in 1935. He has done work in Plant Pathology
at the New York Experiment Station, Rogers Bros. Seed Co. of
Idaho, Vegetable Crops Laboratory at Bradenton, Florida and
in Arizona. He is actively engaged in tomato disease research
at the Texas Experiment Station at Yoakum, Texas.

The problem of improving the varieties and strains of tomatoes
for the South has not received the attention that it deserves. Although
the tomato is one of the main vegetable crops it has received compara-
tively little attention on the part of the plant breeder until the past few
years. Even yet the various projects of the workers in the South are
only scratching the surface. No vegetable crop offers greater possibilities
for improvement than the tomato.

This is especially true from the standpoint of developing varieties
resistant to the various diseases that annually cause losses amounting
to millions of dollars. Fusarium wilt, collar rot, grey spot, mosaic, root
knot, late blight, septoria leaf spot, curly top, spotted wilt, bacterial
canker, bacterial spot, bacterial wilt, and southern blight are among
the most serious diseases with which the tomato grower has to con-
tend. One or more of these diseases is serious in every tomato grow-
ing region of the United States, and all of them occur to some extent
in one or more of the tomato growing areas of Texas. Fortunately only
a few of these are major problems in the lower Rio Grande valley.
Nevertheless the control of these diseases has always been a problem
to the tomato grower. The control measures in some cases consist of
long systems of crop rotation, costly application of sprays or dusts or
planting the tomato crop in new soils. This picture will rapidly change
as the years go by with the introduction of tomatoes resistant to more
and more diseases. The ultimate goal of all tomato improvement pro-
grams is the development of varieties of tomatoes resistant to all the
major diseases of tomatoes.

Years ago seedsmen and research workers in the State-and Fed-
eral agencies crossed tomatoes, but their progress at best was extremely
slow because their basic breeding material was little, if any, better
&w: the stocks they were trying to improve. In order to change this
picture entirely new basic breeding material was necessary. As a result
of this need the Bureau of Plant Exploration and Introduction of the
U. S. Department of Agriculture introduced, in the early 1930’s, hun-
dreds of samples of wild and cultivated tomatoes. Most of these intro-
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ductions came from South America, the home of the tomato.

For the most part nothing was known about Ewmw NUMerous Sam-
ples. A long tedious job remained to test them to see if they possessed
any disease resistant characters or other desirable horticultural char-
acters that could be incorporated into the gene complex of the common
commercial tomato to improve existing varieties. It was a Hosm. tedious,
uphill pull but through the efforts of the workers in the various State
and Federal experiment stations we are now beginning to see the re-
sults from these introductions of wild tomatoes.

The testing of these introductions has required some basic re-
search in developing new techniques for checking on disease resistance.
Some basic research facts have also been borrowed from other fields of
endeavor to help the program along. The need of basic research in any
field cannot be over emphasized. Just recently in a talk given by a
public relations man for one of our large chemical manufacturing firms
he stressed the importance of basic research in industry and stated that
frequently millions of dollars were spent on a product before one pen-
ny was returned on the investment. Sometimes it took ten years, some-
times longer from the test tube to commercial production. ,

In the plant improvement field this process is just as tedious and
just as long or longer. With tomatoes the minimum time is from 6-10
generations from the cross until the resulting selections can be tested
under commercial conditions. If the original cross does not yield the
desired types then additional crosses have to be made. This process
may have to be repeated many times. It all depends on the type of
breeding material the breeder is using and on the inheritance of the
characters the plant breeder is trying to incorporate in the new tomato.

The major emphasis in any tomato improvement program should
be on the development of tomatoes resistant to the various diseases
that affect the crop. This is the aim of most of the research workers who
are trying to improve the existing varieties of tomatoes. Of course, it
is of paramount importance to give attention also to those horticultural
characters that go to make up a good tomato, such as size, shape, yield,
shipping quality, appearance and many other characters too numerous
to mention.

No major development had occurred in the tomato breeding pro-
gram of the South since the turn of the century until the U. S. Depart-
ment of Agriculture introduced these hundreds of strains, varieties and
species to which reference has already been made. The work of prop-
erly evaluating and classifying these possible breeding stocks has been a
tremendous task. Certain lines are still being checked for resistance to
various diseases. However, since their introduction the various State
and Federal agencies have found within this large collection a high de-
gree of resistance and in some cases immunity to most of the major dis-
eases of the tomato. In many cases the resistance or immunity was
found in types that were a long way from the commercial tomato. In
fact, some of them look very much like ornamentals, especially when
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in full bloom. At this stage of development the plants are a mass of
yellow flowers. The fruits, when ripe, are small and green and fre-
quently have a purplish coloring in the skin. They hang in clusters and
look more like grapes than tomatoes.

One of these green grapelike tomatoes has been found by sev-
eral workers to be resistant to the root knot nematode and to several
of the other major diseases of the tomato. The question then arose:
can the resistance of this wild, small, green grapelike tomato be trans-
ferred to our commercial types? Thousands of crosses were attempted
(personally I made several hundred) but with very little success. Fruits
would be formed, when the pollen of the wild green grapelike tomato
was placed on the stigmas of the commercial varieties, but they would
be seedless. Fortunately among the thousands of crosses attempted a
few were successful. Then another problem arose. The hybrids were
almost always self sterile. The plant breeder then borrowed some facts
m_..oB basic research, facts that did not appear, at the time they were
first discovered, ever to be useful to the tomato improvement program.
The facts to which I refer are the techniques of embryo culture. These
techniques greatly speeded up the development of root knot resistant
tomatoes. To make a long story short the plant breeder now has at his
disposal numerous lines that are highly resistant to root knot, that are
mm:. fertile and readily cross with the commercial types. The ,Qmm_.mm of
resistance that is exhibited by some individual plants is illustrated in
Figure 1. These plants were grown side by side in the same plot of
soil. The fruits of this breeding stock range from % inch up to
1% inches in diameter, so that it should be only a matter of time be-
fore there will be available commercial varieties of tomatoes resistant
to root knot.
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FIGURE 1.

Resistance of tomatoes to root knot. These plants were
grown side by side in the same soil in the same tray. Not a
single gall was observed on the plant at the left.

Root knot is only one of the many diseases with which the tomato
plant breeder is working. The first major mm<m=om:ﬁ.§ for the 85.»“,.0
improvement program started back in the early 1930’ when the <<o.~=-
ers in Missouri and the U. S. Department of Agriculture at Beltsville
discovered a source of resistance to Fusarium wilt in the wild cherry
tomato. As a result of their work we now have ..»Sw:mv_e ::85.@55-
tities of foundation breeding material that has a high degree of resistance
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to Fusarium wilt. This resistance amounts to “field immunity”. By “field
immunity” is meant that tomato lines known to be pure for this type
of resistance will not die from or show symptoms of Fusarium wilt
under ordinary field conditions. However, under extremely favorable
greenhouse conditions, where seedlings are inoculated with a virulent
strain of the causal fungus, from 10 to 15 per cent of the seedlings may
die from wilt. Those that survive this rigid seedling inoculation test will

. develop normally without any symptoms of Fusarium wilt. Under the

same conditions 100 per cent of the so called wilt resistant varieties
like Rutgers and Marglobe will die before they are six inches high

This phase of the tomato improvement program has progressed
far enough so that several new varieties have been released with this
type of resistance. The first variety to have this type of resistance was
Pan America and for this reason this type of resistance has frequently
been referred to as the Pan American type of resistance to Fusarium wilt.
Pan America was released by the U. S. Department of Agriculture in
1941. However, it has never yielded as well as the existing varieties,
under disease free conditions, and for this reason has never been popu-
lar. Nevertheless it has been used extensively as foundation breeding ma-
terial by numerous workers.

The U. S. No. 24 is another release of the U. S, Department of
Agriculture with this high degree of resistance to Fusarium wilt. It
likewise has failed to become popular because of its tendency for low
yields under wilt free conditions. ’

Since then several other varieties have been released that possess
this Pan American type of resistance to Fusarium wilt. The Southland,
just released this past year by the U. S. Vegetable Breeding Laboratory
at Charleston, S. C., is a high yielding tomato and in addition to the
the Pan American type of resistance to Fusarium wilt, has resistance
to the stem canker phase of early blight and resistance to some of the
late blight fungus.

Just recently the Vegetable Crops Laboratory of the Florida Agri-
cultural Experiment Station at Bradenton, Florida has released two var-
ieties, the Manahill and the Manasota, for commercial trials, Just what
place, if any, these varieties will have in our Texas agriculture remains
to be seen. They will have to be tried under various local conditions
before they can be properly evaluated for our use in Texas.

The problem of combining resistance to more than one disease
is also receiving considerable attention. In Figure 2 is illustrated the
resistance of some of the tomato breeding lines to both Fusarium wilt
and the collar rot phase of early blight. The seedlings at transplanting
stage had been dipped in a mixed suspension of the fungi causing
Fusarium wilt and early blight. Only those with a high degree of resis-
tance to both fungi survived the drastic test. This technique has been
used by the author for sometime with a marked degree of success in
testing for the combined resistance to both Fusarium wilt and collar
rot.

When the flood of new breeding material became available to
research workers in the late 1930's many southern states gave renewed
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FIGURE 2. . .

Resistance of some tomato hybrids to Fusarium wilt
and the collar rot phase of early E‘mmyw. The seedlings at
transplanting time had wmms.&ttam in a ::aw.m w:wﬂwz,ﬁez
of fungi causing Fusarium wilt E&.mnlc E,_m.wa. N w& of
the seedlings in the lower picture .?:mm to mwc&ot symp-
toms of either disease, while those in %&.:ﬁﬁmﬂ picture soon
died from one or the other of these diseases.

emphasis to their tomato improvement program. These workers soon
realized that unless some cooperative arrangement was made between
the various agencies working on the improvement of tomatoes that
the industry would soon be flooded with so many new varieties that
it wouldn't know which way to turn. Consequently to overcome this
possible confusion, a co-operative program was set up whereby each
co-operating agency would test the promising hybrids of the other co-
operating agencies. This arrangement was called the Southern Tomato
Exchange Program or in short the STEP trials. In brief the program
works as follows: Any cooperator who has a tomato which he thinks
may have a place in Southern agriculture sends a sample of seed to
the Vegetable Breeding Laboratory at Charleston, S.C. There the sam-
ple is subdivided and small samples sent to each co-operator in the
south for observational trials under the various local conditions. Lines
that appear the most promising are tried the next season in replicated
yield trials. Thus it is possible by testing these new lines under these
widely varying conditions to greatly increase the chances of getting
a new tomato with wide adaptability. The wider the adaptability of a
tomato, the easier it is for the seedsmen to produce seed and maintain
sufficient stocks to meet the needs of the industry. A tomato with re-
stricted adaptability, no matter how good it may be in a small area,
is apt to fall by the wayside simply because of the difficulty of main-
taining seed stocks.

The STEP program has just completed its third year of co-oper-
ative effort, and is being relied on more and more by the co-operative
agencies to properly evaluate new promising lines. Southland, the new
introduction by the U. S. Vegetable Breeding Laboratory at Charles-
ton has gone through the STEP trials as STEP 22, It is highly probable
that two or three more of these STEP lines will be released for com-
mercial trials in the next year or so.

The extent of the tomato improvement program in the South
was recently surveyed by Dr. V. M. Watts of the University of Arkan-
sas in-a mimeographed report in which he summarizes the answers
to a questionaire to the various Federal and State experiment stations
located in the South. His summary also includes reports received from
the Hawaiian and Puerto Rican experiment stations. The following
southern states are known to have active tomato improvement programs:
Alabama, Arakansas, Florida, Georgia, Missouri, North Carolina, South
Carolina, Mississippi, Oklahoma, Tennessee and Texas, as well as the
Territories of Hawaii and Puerto Rico and the U. S. Department of Ag-
riculture at Beltsville. Some 28 horticultural and 23 disease resistant
characters are being considered by one or more of these agencies. This
will give you some idea of the extent of the tomato improvement pro-
gram in the South. In most cases the programs have been in progress
long enough so that a constant succession of new and better varieties
will be forthcoming in the near future for the betterment of the to-
mato industry. It will be only a matter of time until many of the dis-
eases of tomatoes will no longer be a limiting factor between profit
and loss in the production of tomatoes. Varieties with combined resis-
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tance to several diseases will be available to the industry.

tomato breeding programs shows a io:&@.m&:%
hopeful future to tomato growers. It is mo:w.m_: if any <Mm%~3€m Q“M.
provement program, with the possible exception of that of 1 M po o,
has a better record of achievement. Of course, z:.w job _m.sﬂm mo:m. n
fact, it has just begun. There is no end to problems in the fiel , for new
ones arise each year, but we are gaining and consolidating our mmM:m »_w
we go along. It would be nice if we oom__m combine nmm_mﬁwzm oﬂm

the important diseases along with the desirable horticultural character-
istics that the industry wants in a tomato m:@ Hm_m.mmm only one <~.~:mw.
But that is too Utopian. However, progress is being Bmm.m and in the
not too distant future high yielding desirable varieties with nmwumnw:m@
to several diseases and adapted to the various growing sections of the

Sonth will be available.

A survey of the

GRADING GRAPEFRUUIT IN A VALLEY PACKING PLANT
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CITRUS VARIETIES IN THE
RIO GRANDE VALLEY OF TEXAS

By
Norman P. MaxwerL

Assistant Horticulturist,
Substation No. 15, Weslaco, Texas

N. P. Maxwell was born in Lancaster Pz. obtaining a B. S.
degree from the University of Delaware. He obtained his M. S.
degree in Citrus Propagation from Texas A. & M. in 1948. He
has been actively engaged in a study of Citrus Varieties at
the Lower Rio Grande Valley Experimernt Station for the past 3
years.

Citrus varieties is a broad title, so 1 will limit my discussion to
several topics that will be of interest to all of us.

The first topic I wish to discuss is the history of the develop-
ment of the red grapefruit. A Walters grapefruit tree, which is a white
seedy variety, growing in the Atwood grove at Manavista, Florida, had
a bud sport that was discovered in 1906 bearing pink colored fruit.
The variety was named Foster in honor of the man who discovered it.
Since the fruit is only of average quality and seedy, it has never
become a popular commercial variety. There are, however, limited
plantings of it in Florida, Texas, and Arizona.

An interesting discovery concerning the Foster grapefruit in the
Lower Rio Grande Valley was found recently by Joseph Hollerbach
near Mission, Texas. He discovered a Foster tree that had a bud sport
which was nearly seedless. Since this eliminates the main objection
of Foster, it may in time develop into a worthwhile commercial var-
iety. At least it presents interesting possibilities.

The Thompson or Pink Marsh variety originated as a bud sport
on a White Marsh tree in the grove of W. B. Thompson at Oneco,
Florida. It was discovered in 1913 by S. A. Collins of Oneco. The pink
color is only apparent in the pulp of the fruit, and the color fades
in March and April to amber. Although the Thompson is grown to a
limited extent as a commercial variety in the Rio Grande Valley, it
will probably never become a principal variety. This is due to the var-
ieties or strains of red grapefruit in the Valley that show a red blush
on the outside of the rind, and whose pulp is a deeper red color
than the Thompson.

During the period from 1929 to 1935, numerous bud sports
were discovered on many Thompson grapefruit trees in the Lower
Rio Grande Valley. The fruit of these sporting branches showed a red
pulp far deeper in color than the parent Thompson’s fruit; also, many
of the bud sports had fruit which exhibited a reddish blush on the
rind.

It is not known as yet whether there are any distinct differences
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in the quality of one sport over another, although there are claims by a
few of the bud sport owners that some of the sports hold their red
pulp color longer, mature earlier in the fall, have larger fruit, and ex-
hibit more blush on the rind than do the other sports. All of the afore-
mentioned fruit characters are influenced to a great extent by soil and
climatic conditions; therefore, until these various bud sports are all
planted in the same grove and records taken on the trees and fruit,
it will not be known whether there are differences between the sports.

At the present time, there are seven bud sports of red grapefruit
being propagated in the Rio Grande Valley. These strains are: (1) The
Ruby, discovered in 1929 by A. E. Henninger near McAllen, Texas, (2)
The Ballard, discovered in 1929 by E. B. Ballard near Weslaco, Texas.
(3). The Red Blush discovered in 1931 by Dr. J. B. Webb near Donna,
Texas, (4) The Shary Red, discovered in 1929 near Mission, Texas in a
grove belonging to H. P. Klatt, (5) The Red Gold, discovered in 1931
near Donna, Texas by H. W. Riddle, (6) The Red Radiance, discovered
in 1933 near Edinburg, Texas by R. B. Curry and (7) The Langford Red
Grapefruit, discovered by T. E. Langford in 1934 near McAllen, Texas.

A definite problem in the Valley is to find a good seedless early
orange. At the present time the principal early orange variety is the
Hamlin or Norris orange. The Hamlin orange was found in 1879 near
Glenwood, Florida in a grove belonging to Mrs. Mary H. Payne. It is
considered a seedless variety, and the season for maturity in Texas
extends from October through November. Some of the bad features
exhibited under Texas conditions are splitting of the fruit, drying out
quickly after the fruit is mature, and small sized fruit. Until a better
and earlier seedless orange variety is either found or bred, the Hamlin
will probably remain the principal early orange.

The two mid-season varieties of oranges that comprise the major
acreage in the Rio Grande Valley are the Joppa and the Pineapple
varieties. The Joppa was brought into California from seed imported
from Palestine by Chapman at San Gabriel, California. It is no longer
grown commercially in California and Florida, but in Texas the Joppa
is still extensively grown. Under Texas growing conditions, the Joppa
variety is above average in quality and matures during late October
and November. The trees do not bear quite as heavily as the Hamlin
trees, but the fruit is superior to the Hamlin in flavor, size and keep-
ing quality, This variety seems to be increasing in the commercial
plantings and will probably be the leading mid-season variety in the
future.

The pineapple orange is the other mid-season variety grown in
the Rio Grande Valley to any appreciable extent. It originated near
Citra, Florida and was first propagated in 1876 in the Bishop, Hoyt
and Company groves. It has been found that the pineapple orange
trees bear well under Texas growing conditions. The fruit has a very
attractive appearance and the quality is excellent. The main disadvant-
age of the Pineapple orange is the seedy nature of the fruit.
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The Valencia orange is the late variety of orange grown in the
Rio Grande Valley. It was first introduced into California by A. B.
Chapman and George H. Smith in 1876 from the Thomas Rivers
Nursery, Sawbridgeworth, England. The exact origin of the Valencia
is unknown, although there are varieties of oranges growing in China,
Sicily, and Brazil that appear to be almost identical to the Valencia.
The Valencia orange has a very high percentage of nucellar embryony,
so it is quite possible that all of the good, late maturing, oval strains
of nearly seedless fruit found in the forementioned countries have de-
scended from the same source. The Valencia orange is grown in almost
all of the citrus sections of the world, and is the most important late
maturing variety of orange that is grown. Under Texas conditions the
Valencia bears well, is considered a seedless fruit, has excellent quality,
and with proper grove care, the fruit attains large sizes. The season
of maturity is from January through March, but the fruit will remain
on the tree without deteriorating to any great extent several months
after it has reached maturity.

Another group of fruit grown commercially in the Rio Grande
Valley are the Navel oranges. The Navel oranges mature from early
November through December and are especially popular near Christ-
mas with gift fruit shippers. The Texas Navel is probably the best
adapted strain for Texas growing conditions. This variety was intro-
duced into the United States from Bahia, Brazil in 1916 by Dorsett,
Shamel, and Popenoce. It was introduced into the Rio Grande Valley
in 1924 at the Experiment Station at Weslaco, Texas. Under Valley
conditions, the tree is a vigorous grower and produces good yields of
fruit that have a mild, pleasing flavor. S

Gift fruit growers and shippers are becoming interested in mwmmam_
relatively new groups of citrus named Tangelos and Tangors that were
developed by Webber, Swingle, Robinson and Savage. :

Tangelos are hybrids developed by crossing a tangerine or man-
darin orange with either a grapefruit or pummelo. Almost all of these
crosses were made by Swingle at Eustis, Florida in 1897, or by Webber
in 1898 in connection with investigations of the U. S. D. A.

Tangors are hybrids of tangerines or mandarin oranges crossed
with the sweet orange. These crosses were made in 1931. Very few
of the tangors have been given names, and since they resemble the
tangelo in appearance, are often incorrectly called tangelos.

The tangelo and tangor hybrids usually are intermediate between
the parent species, and the distinction is so apparent that they cannot
be classified with either parent group. The fruit produced by many of
these hybrid combinations is very attractive and of excellent quality.
Probably many of them will become commercial varieties of citrus for
the gift fruit growers in the future after the public has become ac-
quainted with the fine quality of their fruit.

The Experiment Station at Weslaco, Texas has specimen trees in
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their variety block of Clement, Lake, Mineola, Sampson, Thornton, and
several other varieties of tangelos that have not been grown long enough
to make a statement upon their quality and adaptability under Texas
conditions. The two principal tangors present on the Experiment Station

are the Umatillo and the Temple.

The tangelos showing the greatest promise in the variety block
are the Lake, Mineola, and Thornton. The Clement and Sampson fruit
both seem to be of poor quality, although the Sampson tree appears
to be well adapted to Valley conditions.

The Lake tangelo is a hybrid of the Bowen grapefruit mo:?»ﬁo@
with the Dancy tangerine. Under Valley growing conditions the fruit
presents a very pleasing appearance, and has the shape and size of a
large tangerine with a very smooth rind. When the fruit is fully mature,
the rind and pulp are deep orange in color. Although it is classified as
a seedy fruit, it does not have an excessive number of seeds. The fruit
is low in acid and has a sweet but not insipid flavor. This variety of
tangelo ripens in Texas during the period from the last of November
until the first of January. This period of ripening makes it an excellent
gift and Christmas trade fruit.

Another tangelo variety that shows promise under Valley con-
ditions is the Mineola. The Mineola is of the same parentage as the Lake
tangelo. The fruit is shaped like a medium large flattened orange with
the base slightly raised but not distinctly necked. The rind of the ma-
ture fruit is deep reddish orange and the pulp is also orange colored.
The fruit has an excellent flavor and attractive appearance. The season
of maturity extends from the middle of January to nearly the end of
February which is decidely later than the Lake tangelo.

The most commonly grown tangelo in the Valley is the Thornton.
It is a hybrid of the grapefruit crossed with pollen of the tangerine.
The fruit is shaped oblate to obovate and is medium large in size.
The rind and pulp are a light orange color when fully mature. The
flavor is mild sweet, and lacking in acid when the fruit is ready to har-
vest. The ripening period extends from the beginning of December
through the middle of January which is practically synonymous with the
Lake tangelo. The main disadvantage to the Thornton tangelo is the
rough coarse appearance. It also becomes soft, puffy, and does not
ship too well when ripe. It is extremely doubtful that this variety.
will ever develop into an extensively planted commercial variety for
the gift fruit growers.

The Clement tangelo is a hybrid of the grapefruit crossed with
pollen of the Clementine tangerine. Although the fruit has a pleasing
flavor, the variety appears to be of little value under Valley conditions
because of the coarse rough appearance of the rind and the irregular
shape of the fruit. v

A variety of tangelo that is showing value as a rootstock in Cali-
fornia and Florida is the Sampson. It is supposedly resistant to foot
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rot, and I believe Dr. Cooper is conducting tests on it in Texas in his
various rootstock plantings. The Sampson is a hybrid of the grapefruit
crossed with the Dancy tangerine. The fruit is rather pleasing in ap-
pearance due to its smooth rind which is orange vellow in color. The
flavor is very acid and inclined to be slightly bitter, thereby limiting
its use to either a juice fruit or for making marmalade.

Of the two tangor varieties on the Station, the Temple is probably
the best known variety and is showing the most promise. The exact
origin of the Temple tangor, or as it is commonly called Temple orange,
is not known, but it is thought to be a hybrid of the tangerine crossed
with the sweet orange. The fruit is a deep orange to reddish color and is
very appealing to the eye. It ripens about Christmas time here in Texas
and is used a great deal in gift packages. The main disadvantage of the
Temple is its low cold resistance. At the present time there is a limited
commercial acreage of Temple oranges in the Valley.

. The other tangor present on the Experiment Station is the Uma-
tillo. This tangor is a hybrid of the Satsuma mandarin pollinated with
the Ruby orange. The fruit color is reddish orange with a smooth and
glossy rind. The size of the fruit is large and it is shaped like a Satsuma
mandarin. The flavor is pleasing to most people but it seems slightly in-
ferior as compared with some of the tangelos. It ripens in late January
and February in Texas. Until more is known about the Umatillo. it can-
not be recommended as a gift fruit variety. '

One of the characteristics of the tangelos and tangors seems to
be the tendency toward alternate bearing. Perhaps with judicious use
of fertilizer, orchard management, and irrigation practices this difficulty
can be partially or wholly corrected.

) At the present time, the Experiment Station at Weslaco, Texas
Is cooperating with the Horticultural Department of the Agricultural
Experiment Station, located at the Agricultural and Mechanical College
of Texas in planning a citrus variety, strain testing and breeding pro-
gram. This program will be located on the Valley Experiment Station at
_S‘mm_moo. Texas, and, when it gets underway, perhaps some of the prob-
ems concerning citrus varieties will be parti ; ¢

foms concer Onm.:mm AN partially or completely answered
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Seasonal Changes in Relation to Consumer
Acceptance of Oranges, Grapefruit, Temple

Oranges, and Tangerines'
By
PauL L. Haroing

Plant Physiologist, Division of Fruit and <m®.m§5w OBE.E& Diseases,
Bureau of Plant Industry, Soils, and mm«.a.:NEBN Engineering,
Agricultural Research Administration,

U. S. Department of Agriculture.

_ Harding has been a staff member of the Bureau
me.wu%mmnwu Hwnwcmq% % S. D. A. for the past eighteen years. m..Hm
has been assigned to the investigation of .mmmmodm_ changes in
citrus fruits at the Orlando Florida Station since 1835. For
five years prior to that time he was assigned to Washington
D. C. to study the transportation and storage of fruits and
vegetables. He obtained his Ph. D. from Towa m»mﬁ.m College m.:a
was research assistant of the Iowa State Experiment Station
before joining the Bureau of Plant Industry.

INTRODUCTION

"The importance of citrus fruits in the diet of the nation is indicated
by the rapid growth of the citrus industry. During the decade from Howw
to 1945 production of oranges in the United States increased from 52
million boxes to 105 million boxes and of grapefruit from 18 million to
63 million boxes. This tremendous rise in production has been accom-
panied by an ever-increasing demand for citrus fruits by consumers, from
39 pounds per capita in 1934 to 68 pounds in 1944 Rapid transportation
to marketing centers, usually under H.mmammnw:o:u has o.obn.:u:»mm to .nrm
increasingly wider use of citrus by the consuming public. The many im-
provements made in handling methods that have resulted in a better
retention of vitamins, and the development of higher quality in processed
and canned products have also been factors.

.Orange and grapefruit juices are important in the diet since they
are foods in which the alkaline element ultimately predominates. This is
of interest because citrus juice contains organic acids, chiefly citric acid.
But the juice is also rich in mineral salts which are Wao.&osm:.&&% alkaline.
The organic acids are destroyed in the process o digestion, so that the
final effect of the juice is determined by its mineral content.

It is important that all possible information bearing on those factors
that make mow higher ncw:% in citrus fruits should be identified and
evaluated. With this objective, investigations have been made on oranges,
grapefruit, tangerines, and Temple oranges at the U. S. Department of
Agriculture Horticultural Field Laboratory, Orlando, Florida.

These investigations have included detailed observations and
measurements of the physical characteristics and also analyses of the
chemical constituents of the principal varieties of fruits at definite inter-
vals, beginning with immature fruit and continuing until the fruit was

1published in the Proceedings of the American Society for Horticultural
Science, Vol. 49, 1947, pp. 107-115. See this for figure reference.
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fully mature and ripe. The changes that occurred, step by step, were
determined; and of more importance, methods for evaluation and estab-
lishing definite standards for comparison of these changes were devised.

The ripening process of oranges and grapefruit can take place only
while the fruits are attached to the tree. It is therefore obvious that these
fruits should not be harvested until they are mature and hence ripe.
The following definitions are given in order to avoid possible confusion as
to the meaning of the terms “maturity” and “ripening” as they are used
here. Maturity refers to the stage of development of the fruit; ripening
refers to the process by which a mature fruit becomes edible. A mature
fruit is one that has attained such a stage of development that it will ripen
with acceptable eating quality. Fruits with starch reserves, such as apples
and pears, may be mature at harvest time, but many varieties do not
become ripe and edible until sometime later, when they attain their
soft, juicy, aromatic qualities. In contrast, oranges and grapefruit do not
improve in their eating quality after harvest and owe their sweetness to
the natural sugar contained when they are picked; they contain practically |
no starch and do not undergo such marked change in composition as do
apples, pears, or bananas after being picked from the tree. Since the
ripening processes in oranges and grapefruit occur only while they are
on the tree, it can be readily understood that they should not be harvested
until they are mature and hence of acceptable quality. Instead of improv-
ing in their eating quality after harvest, these fruits tend to lose quality,
wrmm...,:m of loss being correlated with the temperature at which they are
held.

In storage studies made on Florida oranges the rate of respiration
was determined at temperatures from 32° to 110° F. The material used
up in respiration was ascertained from these data. At 32° F. sugar was
broken down or “respired;” but at 50° to 70° more acid than sugar was
used up, or if the sugar was incompletely oxidized, intermediate products
such as ethylene or alcohol were formed. At 90° and above the CO2-0O?
ratios indicated that considerable intramolecular respiration was taking
place (that is, that the fruit was breaking down its own tissues to obtain
required oxygen).

MATERIAL AND METHODS

The data presented in this article were obtained between 1935 and
1946, and these investigations are still in progress. Each type of citrus
fruit usually was studied during four consecutive years. The experimental
plots were located in several mm;mm_.m:» commercial groves. Variety, root-
stock, and soil type determined the selection and location of the plots.
Samples were collected from all of the groves at intervals of 2 or 4
weeks, beginning about September 1 and continuing through the season
until the fruit was overripe. This long period of sampling provided infor-
mation on the changes in physical characters and chemical constituents
of the fruit during the various stages of maturity and ripening. Differences
among groves, as well as those occurring from year to year, were thus
determined. The detailed information is presented elsewhere (1), (2),

(3), (4), (5).

Market quality s associated with appearance, firmness, freedom
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from blemishes, thickness and texture of rind, whereas eating uality is
influenced by the texture of flesh, juiciness, content of total solids (prin-
cipally sugars), total acid (citric), ratio of solids to acid, aromatic con-
stituents, vitamins, and mineral content.

The eating quality of the fruit was determined soon after picking.
In each test 30 to 50 or more fruits were used. The fruits were cut trans-
versely and from each half was cut a wedge-shaped piece for tasting. The
_.Emmm:m anel was made up of staff members of the Orlando station, and
each judge was asked to taste several pieces before rating a sample
according to the arbitrary scale. By use of this scale the fruit could be
classified as very acid, acid, tart, pleasantly tart to sweet, or insipid. At
the beginning of each season the arbitrary standard scale to be used and
the method of evaluating internal quality were discussed. At that time
it was pointed out that a score of 70 would be the minimum standard of
acceptability, whereas good to excellent quality would be rated from 70
to 100. The scale also permitted the scoring of immature fruit (values 20
to 69) and of insipid fruit (values 50 to 100); but it was understood that
any rated below 70 would not meet consumer approval and the sweet but
insipid fruit would be so designated to differentiate it from better-quality
fruit having a similar numerical rating. The judges were believed to
represent fairly well the prospective consumers. Tastes showed differences
in scoring but not large ones, and the numerical average thus obtained
from 20 to 45 judges appears to be a satisfactory method of measuring
quality.

Flavor as determined by taste is closely correlated with seasonal
changes in weight and texture of the fruit, the color of its flesh, the
percentage of the fruit that is juice, and the ratio of total solids to total
acidity. These improve or increase with the maturity of the fruit. By
recording the picking dates and plotting the total solids and the total
acid in nomograph form, (a special chart showing the relation of more
than 2 factors ), it was possible to show the relation of these two factors
to each other in fruit at its earliest stages of consumer acceptance, as
judged by its flavor, and eventually to determine a minimum standard of
acceptability for the different varieties.

An effort was made to give an over-all picture of the quality-

of oranges, grapefruit, Temples and tangerines that might be expected
on the market at different times. The average values presented for total
solids, total acid, and palatability (consumer acceptance) were obtained
by averaging the results obtained at each picking period. The results
should be regarded as approximate since they are based on average rather
than minimum values. These findings are shown in figures 1 to 7.
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RESULTS

N
Seasonal changes in early oranges. Tests were made on m®<ma&
varieties of early oranges; however, in this article only the Hamlin and

Parson Brown of the early varieties will be discussed. It will be noted in

figure 1 that during the development and ripening of the fruits total
solids increased, while total acidity decreased. Also in figure 1. it may
be noted that Hamlin oranges contained lower amounts of solids and
greater acidity than Parson Brown fruits.

Rough lemon and sour orange rootstocks affected the composition
of Parson Brown oranges. On rough lemon they contained a lower per-
centage of solids and acid than on sour orange.

Parson Browns ripened earlier than Hamlins. They were judged
to be of acceptable quality about November 11. At this date those on
rough lemon contained 9.35 per cent solids, 0.66 per cent acid, and the
ratio of total solids to acid was 14.17 to 1. In comparison, Parson Brown
oranges on sour orange rootstock were considered to meet consumer
acceptance November 15 and contained 10.60 per cent solids, 0.85 per
cent acid, and the ratio was 12.47 to 1. Hamlin oranges on rough lemon
were acceptable December 3, when they contained 9.30 per cent solids,
0.85 per cent acid, and the ratio was 10.94 to 1.

Seasonal changes in midseason oranges. The trend of solids and
of acid in midseason oranges were similar to those of the early varieties
in that during ripening solids increased and acidity decreased (see figure
2). Only small differences existed between the Esmm%w_m and Homosassa
varieties but the former contained slightly more solids. Florida Seedlings
differ greatly from the two named varieties since they contained very
significantly greater amounts of both solids and acid.

The three midseason kinds were rated as acceptable between
December 20 and January 25. To be specific, Homosassa oranges were of
acceptable quality about December 20 when they contained 9.23 per
cent solids, 0.98 per cent acid, and the total solids to acid ratio was 9.51
to 1. Pineapple oranges were acceptable December 28 when they con-
tained 10.12 per cent solids, 0.94 per cent acid, and the ratio was 10.85
to 1. Seedling oranges met consumer acceptance January 25 when they
contained 13.07 per cent solids, 1.22 per cent acid, and the ratio was

10.71 to 1.

Seasonal changes in late oranges. Studies were made to determine
the influence of rootstocks on the composition of Valencia oranges. The
various plots were in the same grove and consisted of Valencias on rough
lemon, sour orange, grapefruit, sweet orange, and Cleopatra rootstocks.
Tests were made during three seasons on the Valencias from the plots
on rough lemon, sour orange, and Cleopatra, whereas the fruits from the
other two plots were tested during two seasons. Seasonal variations were
found and these affected some of the averages, especially those made

for two seasons only.
The data presented graphically in figure 3 show that the Valencias

on sour orange and on Cleopatra rootstocks contained a greater per-
centage of total solids and acid than did those on rough lemon. The total
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solids produced on mnmwmmﬁ: and on sweet imi

olid orange were similar to the
M:M%Mmm M_S_u the O_oommqw _—.ow.ﬁmnoor ranging near those of the sour
range, all being significantly higher than in the c: ‘ i
e emon <tnck. y hig | n the case of Valencias on

N As they ripened the Valencia oranges on all the various rootstocks
ao.omﬂozwmmm mo_nm. WmEW:?oBQﬁw trees on sour orange rootstocks con-
aine e most acid, followed by those from sweet or: :

rough lemon, and grapefruit. range, Cleopatra,

The Valencias on grapefruit rootstock ripened first, bei :
acceptable on F ebruary 20. At that date they owaﬁnwm ww.ow_wwnwwwm
solids, 1.07 per cent acidity, and the solids-to-acid ratio was 10.35 to 1
The Valencias on the other four stocks were of acceptable quality about
March 1. Those on rough lemon contained 10.90 per cent solids, 1.00
per cent acid, and the ratio was 1090 to 1. On sour orange the Solids
content was 11.80 per cent, acid 1.20 per cent, and the ratio was 9.83
to 1. Valencias on sweet orange contained 12.00 per cent solids, 1.00 ser
MM:M acid, and marm ratio was 12.00 to 1. The Valencia fruits on mu_m.ov..mzu
EMM H%MMM“MW 11.70 per cent solids, 1.10 per cent acid, and the ratio

Seasonal changes in grapefruit. Investigations were

Marsh and Duncan grapefruit varieties Q:E:M four mmmmozmo O%MMoMMMMWM
included changes in composition of the fruits, as affected 5.\ variety and
rootstocks. Figures 4 and 5 indicate that the changes in total wo:&w and
in total acid are more gradual than was the case of oranges. The greatest
change appeared early in the season on immature fruit. Total solids con-
tent was generally highest when the grapefruit was in prime eating con-
dition, with slightly lower solids earlier in the season in immature fruit
and also late in the season in very ripe fruit. The Marsh and Duncan
fruits on sour orange root stock contained a greater amount of total solids
than did those on rough lemon. Comparisons between varieties on the
same kind of rootstock showed that the Duncan contained higher solids
mms the Marsh. While there was a downward trend in total acid in both
! mnm.r and Duncan as they ripened, the Duncan was consistently higher
in acid than the Marsh. Although total acid was influenced more b <m_m_,o~

than by rootstock, the fruit on sour orange was rather oosmwmﬁmuzv\ high y
in acidity than that on rough lemon. y mehe

Scores for eating quality showed that both Mar

w,mm-.c %m acceptable eating quality between December 18 w_w%mmgw.w:o_mm:

arsh fruits on sour orange were acceptable December 18, when vmwa.
contained 10.32 per cent solids, 1.33 per cent acid, and the ratio was 7 .N«
to 1. Duncan fruits met consumer acceptance December 18. Those on
rough lemons contained 10.04 per cent solids, 1.45 per cent acid, and 5_.
ratio was 6.92 to 1; while Duncan on sour orange contained 11.33 ;
cent solids, 1.65 per cent acid, and the ratio was 6.87 to 1. Marsh m.mhm
w%r Mmczmw _mBo»: .émm.mm MOn of acceptable eating quality until January 15
when £1e w\oom: ained 8.91 per cent solids, 1.22 per cent acid, and the ratio

Seasonal changes in the Templ
. nal ; ¢ ple orange. The Templ g i
notable for its fine eating quality. The fruits contain high 3me mwﬂ%mm M:M




high total acid and are also unique in containing aromatic constituents
which impart to flesh and juice an unusually desirable bouquet.

The study on the Temple orange is still in progress, and the infor-
mation presented herein should thus be regarded as only tentative. Space
does not permit a full discussion of all the data accumulated to date;
therefore, this article deals only with the compositional changes in the
Temple fruits on sour orange rootstock, which is the principal one used
for this variety.

Figure 6 shows the content of total solids and of total acid in
Temple oranges during three seasons 1943-44, 1944-45, and 1945-46. The
fruits contained slightly higher solids and acid during 1943-44 than during
the season 1945-46, but the yearly variations were not great.

According to the averages obtained through the taste tests, the
Temple was of acceptable eating quality by December 1 of each year.
On that date, in 1943, the fruits contained 11.03 per cent total solids, 1.53
per cent total acid, and the ratio of total solids to acid was 721to 1. In
1944 the ripe fruits contained 10.82 per cent solids, 1.43 per cent acid,
and the ratio was 757 to 1; while in 1945 fruit which met consumer
acceptance contained 10.82 per cent solids, 1.33 per cent acid, and the
ratio was 8.14 to 1.

Seasonal changes in tangerines. The study of tangerines is also
still in progress, and the information here presented should also be
regarded as only tentative. The information given is for the Dancy
tangerine on rongh lemon rootstock, which is the principal variety and
the most common used rootstock for tangerines.

‘early variations for tangerines are shown in figure 7. It will
be seen that there was considerable difference from year to year. The:
highest amounts of both total solids and total acid were found during
the season of 1943-44, and the smallest during 1945-46.

Tangerines in 1943 were first rated of acceptable quality about
December 1 when they contained 10.96 per cent solids, 1.12 per cent
acid, and the ratio of solids to acid was 9.79 to 1. In 1944 tangerines were
acceptable November 15 when they contained 9.92 per cent solids, 0.89
per cent acid, and the ratio was 11.15 to 1. The fruit met consumer
acceptance November 15, 1945. and then contained 8.96 per cent solids,
0.70 per cent acid, and the solids to acid ratio was 12.80 to 1.

SUMMARY

The fruit quality standards arrived at in these m:<mwammao:m.~.m-
sulted from the data obtained through chemical analyses and taste
testing by a panel of taste judges.

: A statistical study was made of some of the taste ratings of in-
dividual judges. 1t was found that although differences existec among
tasters, they were not large. There was a definite association between
palatability ratings and some of the more exact measurements, such as
total solids and total acid. Thus the statistical studies indicated that the
palatability ratings were quite satisfactory to measure quality.
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high total acid and are also unique in containing aromatic constituents
which impart to flesh and juice an unusually desirable bouquet.

The study on the Temple orange is still in progress, and the infor-
mation presented herein should thus be re arded as only tentative. Space
does not permit a full discussion of all the data accumulated to date;
therefore, this article deals only with the compositional changes in the
Temple fruits on sour orange rootstock, which is the principal one used
for this variety.

Figure 6 shows the content of total solids and of total acid in
Temple oranges during three seasons 1943-44, 1944-45, and 1945-46. The
fruits contained slightly higher solids and acid during 1943-44 than during
the season 1945-46. but the yearly variations were not great.

According to the averages obtained through the taste tests, the
Temple was of acceptable eating quality by December 1 of each year.
On that date, in 1943, the fruits contained 11.03 per cent total solids, 1.53
per cent total acid, and the ratio of total solids to acid was 7.21 to 1. In
1944 the ripe fruits contained 10.82 per cent solids, 1.43 per cent acid,
and the ratio was 7.57 to 1; while in 1945 fruit which met consumer
acceptance contained 10.82 per cent solids, 1.33 per cent acid, and the
ratio was 8.14 to L.

Seasonal changes in tangerines. The study of tangerines is also
still in progress, and the information here presented should also be
regarded as only tentative. The information given is for the Dancy
tangerine on rough lemon rootstock, which is the principal variety and
the most common used rootstock for tangerines.

Yearly variations for tangerines are shown in figure 7. It will

be seen that there was considerable difference from year to year. The

highest amounts of both total solids and total acid were found during
the season of 1943-44, and the smallest during 1945-46.

Tangerines in 1943 were first rated of acceptable quality about
December 1 when they contained 10.96 per cent solids, 1.12 per cent
acid, and the ratio of solids to acid was 9.79 to 1. In 1944 tangerines were
acceptable November 15 when they contained 9.92 per cent solids, 0.89
per cent acid, and the ratio was 11.15 to 1. The fruit met consumer
acceptance November 15, 1945. and then contained 8.96 per cent solids,
0.70 per cent acid, and the solids to acid ratio was 12.80 to 1.

SUMMARY

The fruit quality standards arrived at in these investigations re-
sulted from the data obtained through chemical analyses and taste
testing by a panel of taste judges.

, A statistical study was made of some of the taste ratings of in-
dividual judges. It was found that although differences existed among
tasters, they were not large. There was a definite association between
palatability ratings and some of the more exact measurements, such as
total solids and total acid. Thus the statistical studies indicated that the
palatability ratings were quite satisfactory to measure quality.
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An over-all picture has been presented of the progress of ripening
changes in oranges, grapefruit, Temples, and tangerines, and of the
quality that might be expected on the market at different times. The
general statements given are based on the average results of repeated tests.

_ The standards of consumer acceptance which were set up by the
tasting panel do not agree very closely with the standards in the present
maturity laws. The taste judges demanded sweeter and more mature
fruit, or, in other words, fruit containing higher ratios of total solids to
total acid than that which would pass State maturity requirements. The
differences between the standards established through the tasting panel
and by the maturity laws were greater for oranges and tangerines than
for grapefruit.
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The Need for Orderly Marketing of Valley Citrus
By
ArpeN M. Drury

General Manager
TexsuN CitrRus EXCHANGE

has been identified with the citrus Eacﬂnw
for 25 years, as a grower, executive of n@o.cwnmco_..n BWHWQSM.,
director of supply and Bmdcmmngﬂnm woﬁﬁﬁ.mm. maw.nnw.w nc_me -
perience began in 1923 with the Whittier District Fruit Exc g
i i ia.
WN%MH%%WW to 1947 he was Secretary and Manager of the A.cw.wnm
County Fruit Exchange, Porterville, California, ?MB Hi c
position he resigned ﬁw Umoo.mbm General Manager of the Texsun
i hange, Weslaco, Texas. .
_ﬁwﬂmmm,mmwwm 15 m,mmnm he was Manager of the Tulare County w.nmw
Exchange in California, he was a member of the womn.a m -
rectors of the California Fruit Growers Exchange, m,ﬂmu: row-
ers Supply Company and Exchange Orange Products Company.

Alden M. Drury

! . - L . - . mo&ml
I feel highly honored at the invitation of the Rio Grande i
oEEnm_@mQ:mumSwwm&n@mm this session of the Citrus and Vegetable Insi-

tute.

The subject that I want to discuss with you is one that has Uwﬂ:
very close to my heart for a long period of years. L think wmntm@.m the
best introduction to the subject would be to cite a little ancient history

for the Valley.

I find that at a citrus institute held at the Edinburg Junior Oo:.wmw
in 1932, economic conditions of the industry were very similar to those
we face today and I quote from the remarks made by some growers at

that meeting.

One said, “Most of the money I had when I came to Em Valley
has gone into my citrus investment here. I'll lose it _.m we don’t le&m
our fruit sensibly. 1 know plenty of others who are in the same boat.
And Omar Miles, former manager and developer of w.ww Progreso, when
appointed as secretary of grower group orww.mmm «Snr trying to find
a solution for the ills of the industry, said, “I realize as swmz as any-
body that we have got a challenging job ahead of us. Citrus is the
crop that has brought a great many fine families to 9c.<w=c<. They
hope to find prosperity and contentment down here and it would be a
hard blow to most of them if they couldn’t make a profit from their
trees. Plenty have put a large part of their savings into their citrus in-
vestment and need an income from it. I hate to think that m:. they have
looked forward to can be swept into the discard vx marketing that is
becoming a joke and a by-word for outside observers.’

Going back to January of 1947, when I came to the Rio Grande
Valley, I was asked by THE MISSION TIMES to write a short statement
on how the Valley looks to a newcomer. I should like to quote two or

three paragraphs from that statement:
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“As one who has just come to the Valley to head the Texsun Citrus
Exchange, I see several things that need doing to put Texas citrus fruits
out in front where they belong. I see many factors in the shipping and
packing field who are apparently working at cross purposes rather than
cooperating to solve the distribution problem of all of them. No attempt
is made to coordinate the rate of shipments with the demand for our
fruit—cars go forward without regard to market prices. Growers seem
more concerned about getting the crops off their trees than getting
money for their fruit. They could do both.

“So the first need, in my opinion, is for the citrus shippers to get
together and establish a control board through which each one can
arrange to ship his fair share of the crop week by week throughout
the season. Control of the rate of movement each week is fundamental
to any sound marketing program.

“I see the need for an industry-wide and representative body of
growers, shippers and canners—a citrus commission, if you want to
call it that—financed and controlled by real bona-fide citrus growers.
Second, a commission can undertake research for the benefit of all.
They can discover and publicize better ways of handling our soils, can
help solve our pest control problems, can help to improve the quality
of our citrus fruits—to name a few of their proper activities. Such a
group could also be helpful in securing equitable freight rates for our
fruits and products. It could speak for the industry in legislative matters,
quarantines and could help with tariffs to protect our young and
growing industry. Most important of all is the need for cooperation and
wzomwm:m together for the best interest of the citrus growers in the Val-
ey.

And so z:.m.v:.:mm us up to the present situation confronting the
<m=mv\.m=& its citrus industry and to the subject I am to discuss with you
today “The Need for Orderly Marketing of Valley Citrus.”

We find some 175 shippers here in the Valley who compete one
with another trying to purchase citrus fruits at as low a price as pos-
sible from the grower and to sell at as high a price as possible in the
market. In addition to these cash operators, there are other handlers
whom we might call commercial packers who do not purchase fruit
outright but handle it on consignment for the growers at a fixed pack-
ing and selling charge. Such shippers are interested in handling volume
but are not too concerned with price. And then there is the other group
of cooperative shippers—some affiliated with the Texsun Citrus Ex-
change and some competing both with Texsun and the aforementioned
shippers. All these shipping organizations have a place in the picture
provided they all keep uppermost in their minds the welfare of the
grower who produces the fruit. If these growers are not adequately paid,
they will lose interest in the deal and will suffer such financial losses that
they may have to abandon groves and citrus growing. Should that oceur,
the shippers will have to fold up, too.

With so many sellers there is fierce and ruthless competition here
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in the Valley between shippers. Sales are made by cutting prices, not
by delivering quality merchandise and demanding true walue for the
service. And to get an extra dime for early shipment, the industry loses
thousands of dollars each year by sending out immature Valley fruit
that creates an increasing number of dissatisfied custoniers.

Having seen and sampled citrus fruit from all producing areas, I
can state without reservation, that nowhere else is therg such fine
flavored and excellent eating quality as we have here in the Grapefruit
Garden of the World.

1If we pack it properly and ship sensibly, we should be able to de-
mand and secure premium prices for it. Without any systematic program,
we are at the mercy of the receivers who play one shipper against another
and buy at their own bargain counter prices. How long must we tolerate
this?

We build our packinghouses on railroad property or where they
can be served by them. We handle fruit through the houses towards
the railroad loading platforms. Our floor levels are planned to permit
trucking fruit direct into refrigerator cars for loading. The railroads op-
erate over fixed routes and on definite schedules so that cars can be
traced all the way to destination.

But constantly increasing freight rates drive the industry to seek
cheaper transportation. Last year one-third of our fresh citrus fruit was
shipped out of the Valley by truck. So far this year, nearly two-thirds has
moved that way. Truck routes are variable and their schedules not too
reliable; we cannot trace them’ all the way; loading trucks disrupts the
regular packing and loading procedure; but they make faster time to
destination, they cairy loads from shipper’s door to customer’s door
without rehandling, and their rates are cheaper than by rail.

Again, the growers can help to return tonnage to the legitimate
carriers, and eliminate the irresponsible truck operator by insisting
through their spokesmen that rail rates be reduced rather than in-
creased. This too will make for more orderly shipments—hence more or-
derly marketing of Valley citrus.

There is another cure for the situation and for the ills the industry
suffers. That cure lies in a coordinated plan or program for the move-
ment of the citrus crops produced in the Valley.

I am glad to say that there has been definite progress made during
the past two years in breaking down the antagonisms and jealousies
between the various shipping elements in the Valley. Much of the
credit for this changed attitude can be ascribed to the formation of
the Texas Citrus Advisory Council and its functioning on behalf of
the industry here in the Valley. New moves are being made at the present
time looking towards the establishment of a so-called Citrus Commission
to be composed of the same elements—growers, shippers, canners, pub-
lic representatives—who now make up the Texas Citrus Advisory Coun-
cil, but the Commission would go one step farther and would have legal
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authority to collect funds for purposes of research and other industry-
wide activity and also authority to control the movement of fruit leav-
ing the Valley.

Such controls would be applied to the sizes and grades of fresh
fruit moving to market periodically throughout the season—probably
setting up their regulations for two-week periods. Any such program
would prove helpful in preventing the hit or miss shipments that are
moving from the Valley under current practices. Such a program also
would go a long way towards correcting one of what I call the vicious
practices in the industry—namely, running the packing houses into the
wee small hours of the night. There is no need for such activity and with
the application of the suggested controls it would probably not occur.
This would be a good thing for the workers, for the fruit itself, for the
JE@WQP for the market and, therefore, for the growers who produce
the fruit.

In times like these when the citrus industry seems to be in a de-
pression by-passed by the high prices paid for other commodities, the
growers who own the business should certainly take matters into their
own hands, get together and establish some system that will mean a
more wniform flow to market.

They could and should demand a revision of the State maturity
laws. Do we think our early fruit is palatable enough that we eat
drink or serve our own citrus on our own tables during the first weeks
of the shipping season? Improved maturity will mean more orderly
shipments. Instead of a few rash purchases followed by a drop in price
and a deadening of demand, there will be steady shipment, an active
demand, and stabilized prices.

Machinery to really gear supply to demand is available if the grow-
ers want to use it—and they are the only ones who can put it into op-
eration and run it. They can do this legally, efficiently and effectively—
setting their own standards and limitations without fear of any anti-trust
action; controls will be local, administration will be by a committee
of your own friends and neighbors, selected by and answerable to you
as growers. The proposed Texas Citrus Commission composed of indus-
try representatives selected and appointed by the State governor may
be able to accomplish this. We hope it can from the standpoint of econ-
omy. But we know that orderly marketing of our citrus can be attained
under authority of the State and Federal Marketing Agreements that
are already set up and available if the growers wish to make use of them.

We have a relatively short crop this year, but we have shipped so
fast that we are already running out of supplies of some of the early
varieties. If we continue to ship at the present rate, we will find other
varieties dropping out of the picture and that by February or March
most of our crop will have been moved, demand will be strengthening
and supplies will not be available to satisfy such demand. In other
words, an orderly program of distribution and marketing is even more
necessary in times of a short crop than it is in times of bumper crops
and surpluses.
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Soil Sulphur for the Control of
Mineral Deficiency Chlorosis

By G. H. GopbFrey
Plant Pathologist
Lower Rio Grande Valley Experiment Station

Dr. G. H. Godirey obtained his Ph. D. in Plant Pathology at the
University of Wisconsin in 1923. He has done Plant Pathology
work for Oregon State College, U. S. D. A., the Bayer Co,
Hawaiian Pineapple Canners and California. He has been Plant
Pathologist at the Lower Rio Grande Valley Experiment Station
of Texas at Weslaco since 1937. He has done work on nematode
diseases of plants, seed and soil disinfectants, and vegetable, cot-
tion and citrus Pathology. The work on sulphur was done, with
the assistance of a Research Fellow, Herbert Rich, under a two-
year program supported by the Texas Gulf Sulphur Company.

x

Chlorosis is a plant disease characterised by yellowing of the foliage.
1t may be due to a wide range of causes, such as:

(1) Insufficient light. Plants growing in too shady a spot will turn

ellow.

vmwv A soil that is too cold and wet for the particular tree or plant.

We have all seen trees with a yellowish cast early in the spring.

They will often recover of their own accord when the soil becomes

warm later in the spring.

(3) Plain nitrogen starvation. An underfed tree shows poor color

as a first symptom.

(4) Salty soil.

(5) A soil that is too alkaline.

(6) Deficiency of certain minor elements essential to healthy

plant growth.

The last two points only are to be considered in this paper, together
with the place of sulphur as a control measure.

MINERAL DEFICIENCY SYMPTOMS
The symptoms of mineral deficiency chlorosis vary with the par-
ticular mineral concerned.

Iron deficiency chlorosis: a yellowing of the leaf blade varying from
slightly paler green than normal to almost white, with the midribs and
veins green.

Zinc deficiency chlorosis: a shortened twig growth at times approaching
a rosette; undersize narrow leaves, and a chlorotic pattern consisting of
an inverted “V” effect in green at the midrib and main lateral veins,
broad at the base and tapering to a point at the leaf tip and vein tips,
the balance of the leaf being yellow to white. ’

Manganese deficiency chlorosis; a chlorotic pattern similar to that of
zinc deficiency (perhaps a bit more spotted with yellow), on leaves less
reduced in size and width, and without the distinct rosette effect on twig
growth.

Magnesium deficiency: the yellowing starts near the midrib and gradu-
ally spreads outward until it takes in the entire leaf after which the leaf
sheds frequently leaving the fruit on a long twig devoid of leaves. Only
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mature leaves are affected and these are usually on the same twig with
and close to fruits. The yellowing often takes on a bronze appearance.
Other symptoms are associated with copper deficiency and boron
deficiency. These are probably of minor importance, in the Valley. De-
ficiencies of more than one element and other adverse soil factors make
complicated leaf patterns that are sometimes difficult to interpret.

THEORETICAL CONSIDERATIONS

Minor elements insoluble in alkaline soils. .

The minor elements with which we are concerned are insoluble, or
practically so, in the soil water of an alkaline soil. Most of our soils are
alkaline, ranging from pH7 to pH9 or more. The natural acids constantly
being produced in small quantities in the soil from decaying organic
matter and root secretions, probably prevent mineral deficiency chlorosis
from being more universal than it is.

The answer, soil acidification.

Obviously, from what has been said thus far, acidification of the soil
is necessary to release the minor elements from their “tied-up” or “fixed”
state, to the soluble condition. However our Valley soils contain at least
40,000 pounds per acre-foot, of calcium carbonate in the form of shell,
shell residues, and caliche. That is a minimum; it runs up to 20 times
as much: this acts as a constant buffer to prevent complete acidification
of the soil. Each pound of calcium carbonate will neutralize very close
to 1 pound of sulphuric acid. It would require 40,000 pounds (3000 gal-
lons) of sulphuric acid to bring just to the neutral point that least-cal-
careous soil, in the upper foot alone. It is only excess acid that would
have a permanent acidifying effect. The use of straight acids, there-
fore, would appear to be impractical for permanent correction of an
alkaline soil, if indeed a soil on the acid side is what is wanted here,
which is highly questionable. What, then is the answer?

The acidifying qualities of sulphur.

Much has been said and written about the use of sulphur as a
soil-acidifying material. How could this be when sulphur itself is neu-
tral, (pH7.0), and relatively inert? The answer is that there are present
in most soils strains of bacteria, the sulphur bacteria, that, in their growth
and activity, oxidize sulphur to produce sulphuric acid as the end pro-
duct. This is a gradual process. When sulphur is placed in the soil, if the
bacteria are present and conditions favorable, activity commences at
once. This results in the creation of an acidified zone surrounding the
particle, or pocket, or streak of sulphur. First there must be the neutral-
izing of the reserve of base-forming materials in the immediate vicinity;
then the gradual building up of acidity in that zone and its diffusion
outward into a gradually expanding zone. Roots growing into that zone
or into the area influenced by it are then able. to absorb the minor
elements available there in soluble form.

The extent of the zone of acidified soil depends upon a number of
factors. The actual quantity of sulphur used, in relation to the amount
of calcium carbonate or other base-forming material present will govern
the length of time over which the sulphur can be effective. One pound
of sulphur will eventually be converted to about 3 pounds of sulphuric
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acid. Then in the course of time the 1 pound of sulphur can do no more
than neutralize 3 pounds of calcium carbonate. The finer the particle,
the more rapid can be the development of acid. There must be suf-
ficient moisture and favorable temperature. Bacterial action will stop in
dry soil. It will be more rapid in warm than in cold soils, other condi-
tions being equal.

It would be completely impracticable to attempt to zmcc.mzno. or
acidify the entire volume of soil in which roots feed with sulphur, just
as with straight acid. It would be impossible to distribute the sulphur
uniformly. There would be created zones of excess acidity that would
be toxic to any kind of plant growth. In actual experience on a test
plot on the Station, conducted by W. J. Bach, 5000 pounds of sulphur
per acre is reported to have made the soil untavorable for crop growth
for more than a year.

Further, there is reason to believe that soil that is acid throughout the
oot zome is not necessarily the thing to be desired for citrus.
A calcareous soil apparently has some advantages over an acid soil,
as is shown by the excellent quality of our Texas citrus. The aim A.Vm
sulphur applications, therefore, should be to overcome the one main
disadvantage of an alkaline soil—that of the tying-up of the minor nu-
trient elements—to just sufficient to meet the requirements of the plant,
leaving the balance (the very large balance) of the soil unaltered. This
can be accomplished by zone or spot acidification. If such spots are
well distributed sufficient root system may be expected to grow into
such zones to provide the plant with its exceedingly small requirement
of such elements.

EXPERIMENTAL RESULTS

Thus far this paper has dealt with the theories and with fundamental
facts upon which soil acidification with sulphur depends. Abundant
work has been done first in the way of actual acidification of soils by
sulphur applications, and second, on control of mineral dificiency chloro-
sis by sulphur applications.

Soil acidification studies

A very few examples, from dozens of tests conducted, are given to
show the extreme degrees of acidity that can be obtained in mixtures
of sulphur and soil. The first tests were conducted with' 50-50 mixtures
of sulphur with a finely screened aged barnyard manure, with 50-50
finely screened somewhat charred dehydrated citrus peel and sulphur,
and with 50-50 loose top soil and sulphur, all three of the lots being thor-
oughly mixed. Results in all lots were practically the same—the develop-
ment of acid within 30 days to such an extent that pH readings (by glass
electrode in saturated soil paste) were 9.0 or even lower. Such mixtures
were exceedingly acid—far too acid to support plant growth. Out of this
study however, there developed the idea ow an acid sulphur compost that
could be used as a source of immediately available acidity. Further men-
tion will be made of this material and its application.

Other laboratory studies were made with very much lower pro-
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portions of sulphur in the mixtures. In one test, finely ground flowers
of sulphur was mixed in the desired proportions with loose top soil of
an initial pH of 7.85, which is decidedly alkaline, and representative of
many of our Valley soils. Compared with this were mixtures of the
same soil with initially acid sulphur compost containing equivalent
proportions of sulphur. Periodic readings were taken during the course
of several weeks to determine the rate and extent of acid formation.

TABLE 1 :

The rate of acid development in a soil of pH 7.85 mixed with sulphur
and sulphur compost in low concentrations.

I

Rate of appli- Number of days (less than)* to attain indicated vm.wmsmm
cation, percent 6.0 to 7.0 5.0 to 6.0 4.0 to 5.0 Less than 4.0
sulphur by Sulph. Sulph. Sulph. Sulph. Sulph. Sulph. Sulph. Sulph.

weight comp. comp. comp. comp.
0.10 -- 115 -- -- -- - -- -
0.15 250 13 -- 115 - -~ - -
0.20 250 13 250 78 -- 115 -- --
0.25 146 13 250 78 -- 115 - 250
0.30 115 13 250 78 250 78 -- 115
0.35 78 13 146 78 250 78 250 115
0.40 78 13 115 78 250 78 250 115
0.45 78 13 115 13 146 78 250 78
0.50 78 13 115 13 115 78 146 78

® The readings were taken only on the days indicated, i.e. on the

13th, 78th, 115th, 146th and 250th days after mixing. Therefore
the pH indicated was attained at some time between the day in-
dicated and the previous reading.

®s  Based on 3% million pounds of soil to acre-foot.

Not shown in the table is a reduction with sulphur at 0.35 per cent
to less than pH 8.0 in less than 250 days and with sulphur at 0.5 per cent
to as low as pH 2.6 in less than 250 days; also reduction with sulphur
compost at 0.5 per cent to less than pH 3.0 in less than 115 days.

Most striking in the table is the consistently more rapid acidification
in the mixtures in which the source of the sulphur was the initially acid
sulphur compost, heavily charged with sulphur oxidizing bacteria. For
example in the 0.15 percent mixture (rate, 1% pounds of sulphur to
1000 pounds of soil), between 115 and 250 days were required for the
sulphur mixture to become acid whereas less than 13 days were required
for the sulphur compost mixture.

These figures show, for the specific soil used (2 Victoria fine sandy
loam with initial pH of 7.85 and a calcium carbonate content that must
have been less than 12,000 pounds per acre foot) that three rather sig-
nificant findings are to be deducted:-(1) that as low a sulphur content
as 0.1 percent by weight in the soil is capable of reducing the pH of the
soil to well below the neutral point: (2) that increasing the amount of
sulphur consistently hastened the. process of acidification and greatly in-
creased the amount of acid produced; and (3) that the use of sulphur
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mpost (heavily charged, initially, with sulphur oxidizing bacteria) still
Mmi%mn mmmwzw vv.wmﬂw:ww the rate Wm acidification, but that ultimately the
same degree of acidity was attained with the sulphur Eowm. The long-
evity of the acid condition would depend upon the quantity of sulphur
remaining in the soil. As long as any unoxidized sulphur remained it would
be capable of continuing to generate acid.

The point just made was put to test in a leaching experiment, in
which an acid sulphur compost treated soil(pH 1.6) was repeatedly
washed with distilled water, thereby removing free acid, until a con-
stant pH of around 3.65 was obtained. The soil was then set mwﬁm and
kept slightly moist and warm. After 3 weeks extremely high acid was
again present, as shown by a pH reading of below 1.0. m~3.=:m:mo:.w_< a
parallel test was run in which the soil had been acidified with aluminum
sulphate (sometimes used in gardens for acidifying soil.) A minimum pH
of 4.0 was reached immediately. Three weeks after leaching, this mixture
rose in pH to 7.0, and after another month it was 7.4. The aluminum sul-
phate treatment did not re-acidify the soil after leaching; the sulphur
compost did.

Before dropping the subject of sulphur composts, mention should
be made of the several sulphur compost pits that were made at the
Station for experimental work and observations. In one pit, exposed to
the weather, made on half sulphur and half screened barnyard manure,
several hundred pounds of each being employed, the pit was dug to a
depth of 3 feet and the mixtures moistened slightly (to a state similar to
“good growing conditions” in a soil) as it was inserted. The usual high
degree of acidity (pH ranging around 2.0) was attained in about 30
days. Following the heavy rains of that season acid was leached out of
the compost mixture and soaked into the ground beneath it to a depth of
at least 36 inches, where the pH was 4.7. In the next 3 inches below
that, in a calcareous layer, the pH was 6.7.

The proportion of sulphur in excess over calcium carbonate in a
mixture, whether 10 or 90 percent, or any intermediate percentage, makes
little difference in the rate of acid development. Tests have shown a pH
range of from 1.0 to 1.5 developed in 6 weeks in all alike. As long as free
sulphur continues to be present in excess over any basifying material the
acid content will continue to increase up to a certain maximum range
where it will hold rather constant. The base forming materials are first
neutralized, after which acidity increases.

Diffusion of acidity from points of application

Studies were made on the vertical and lateral diffusion of acidity
developed in spot applications of sulphur made two years previously
in orchards. Trenches were dug beside the marked spots and clean cuts
made through the center of the still-visible spot of sulphur, about 6
inches below the soil surface. In one orchard of sandy low-calcium soil
the diffusion of acid was clearly determined. The pH was about 2.0 in
the spot and just below it. The pH increased gradually to a depth of
14 inches, where the reading was pH 4.3. At 16 inches depth it was
6.7, or slightly on the acid side of neutral. Three inches to the side the pH
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ranged from 2.2 to 3.7,indicating that acidity existed still farther around
the point of sulphur. In another spot application in highly calcdreous
soil neither the vertical nor lateral diffusion was quite so far hiit snail
shells were found that crumbled when touched, showing that they had
been acted upon by acid and changed from calcium carbonate to cal-
cium sulphate. In both cases living tree roots were found within the
zones of soil influenced by the acid. Tying this in with the earlier “theo-
retical considerations” any iron or other rare element necessary for plant
m_.oézu present in this slightly acidified zone is likely to bé in such a
orm as to be available for absorption by the tree roots.

Control of mineral deficiency chlorosis
by sulphur applications

All this theoretical stuff, and even the facts regarding actual acidities
produced by sulphur would not be worth the paper it is written on
unless it is shown that actual benefits can be derived for the trees by
applications of sulphur. The basic facts have been presented, of course,
with the knowledge that such benefits are derived, and to point the way
toward wisely planned methods in the use of sulphur; and the methods
of application are indeed a very important consideration.

Early evidence of the value of sulphur for chlorotic citrus trees, was
obtained from a carefully planned duplicate-plot experiment started by
W. J. Bach, in June, 1936, on a block of yellow trees. Sulphur was ap-
plied in post holes at a depth of about 6 inches, at the rate of 20, 30,
and 40 pounds per tree, and about 30 pounds per tree in a trench or
furrow entirely surrounding the tree at about the same depth. There
were 2 blocks of 4 trees each, to each treatment. Readings taken 2%
years later showed striking recovery from chlorosis to almost completely
green in most cases. The best result, with an average of 43 percent im-
provement in proportion of green leaves came with the trench applica-
tion. The non-treated check trees, receiving only good farming practices
including fertilization, showed 12%2 percent improvement, but were still
decidedly yellow. Tree caliper measurements made at the time of treat-
ment and at the final observations 2% years later, showed, for some of
the treatments an average of 25 percent greater increase in tree diameter
than the checks. In the trench-application treatment, which H..H.:._mr.ﬁ have
cut lateral roots, there was no such increase in rate of growth. “

A more comprehensive experiment was conducted on a large cit-
rus orchard near Mission, in which chlorosis was general and severe.
Several different sulphur-containing materials were applied in the spring
by different methods including surface-broadcast in a 4 foot band,
disked in; a furrow surrounding the tree just at the drip line; @Omn.ro_mm.
20 per tree, evenly distributed under the tree and just outside the mi@w
and in 8 radial furrows per tree, extending from near the trunk outward
to outside the drip. Readings on the severity of chlorosis were recorded
on each of the 5 trees included in each treatment at the time of appli-
cation, and at different intervals thereafter. In general 20 pounds
of sulphur were applied to each tree. ;

Here again, striking benefit from sulphur became @S&m.:ﬁ mostly
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in the first summer’s growth. Without going into detail, results were
somewhat as follows: A natural acid sulphur-bearing earth containing
about 10 percent sulphur as such applied at 20 pounds per acre, broad-
cast and in the furrow showed good first season benefit; but at the end
of the second season’s growth, with insufficient »o&-@.o.&:ﬁ:m E.m.ﬁmw_&m
to last longer, the trees had deteriorated to their original condition of
chlorosis. (2) A granular 30-mesh sulphur, g.ﬁ.ummowwﬁ was not effective;
applied in furrows it showed 15 to 20 percent improvement that was still
evident the second year. (3) Acid sulphur compost and an mo&. blow-
box sulphur applied by any of the methods showed long lasting ef-
fectiveness, bringing the trees in many cases to an almost oo:i_wn.m?
green color. (4) Gypsum at 20 pounds, broadcast, was not effective.
(5) Sulphur compost and gypsum mixed in furrow brought about one
of the best manifestations of recovery; possibly improved penetration
into the soil was brought about by the gypsum. (6) Check trees averaged
actual deterioration of 8 percent in chlorosis. This amount added to the
benefit figures shown for the treatments would give a truer picture of
the benefits derived from the sulphur applications.

In another extensive orchard experiment on a Weslaco-vicinity grove
showing marked mineral deficiency chlorosis symptoms, 5 pounds per
tree of mineral salts of various kinds were applied on 2-tree blocks with
and without combination with sulphur. The spoke-furrow method of ap-
plication was followed. At the start it was noted that zinc-deficiency
symptoms were very evident in some trees, particularly Temple oranges.
On others, manganese-deficiency was indicated by leaf symptoms. Iron
deficiency leaf symptoms were lacking. The mineral salts were applied
on some pairs of trees singly, on others in combinations with a single
element lacking. (For example, zinc sulphate would be applied on
one block, and all the elements tested except zinc sulphate on a com-
parable block.) Then of course there were check trees without anv
element added. The usual procedure of recording before and after chloro-
sis condition was followed.

Some of the results were very striking. Temple orange trees that
had shown marked zinc deficiency chlorosis (average 50 percent yel-
low) were brought to practically complete recovery by fall of the first
year with zinc sulphate alone, and with all mixtures (including sulphur
mixtures) containing zinc. Sulphur alone did not correct zinc deficiency
chlorosis. There appeared to be an absolute deficiency of this element
in the soil, not just a lack in availability correctible by acid. Where zinc
was used, the recovered condition endured for at least 4 years, without
further amendments.

Trees, both grapefruit and orange, that had. shown manganese
deficiency symptoms were corrected by all applications containing man-
ganese sulphate. The salt alone did not bring about quite as complete re-
covery as did the sulphur-manganese mixture. This was therefore
an indication of manganese fixation, correctible by acid. In the case of
iron, the first impression of lack of iron deficiency symptoms was veri-
fied by the findings. There was no marked improvement from additions
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of iron sulphate, etiher with or without sulphur. meumm::: sulphate,
X

and copper sulphate (at 2 pounds per tree) likewise brought about na
correction.

H?m E.m.s_.mnwbﬁ test would seem to indicate that one can be guided
by examination to determine the particular mineral deficiency responsible
for ﬁr.m symptoms found. The method of treatment used in this test was
effective. Whether or not it would be the most effective and most prac-
tical a.:mmuom of chlorosis control remains to be determined by extensive
experimentation. Application of deficient minerals by spraying is not
practiced to any great extent in the Valley at the present time, as it is
in Florida and California. q

Chlorosis control in nurseries.

Without going into details of experiments involved, it is sufficient
to say at this point, that striking control of iron deficiency chlorosis has
been gbtained in the nursery row. In one case, some hundreds of budded
nursery trees were so yellow in the fall that they were “written off”
by the nurseryman as unsalable. They were made available to the
Station for experimental work. In October, a series of soil treatments
was applied consisting of sulphur alone and in combination with various
other materials, and of certain other materials for comparison. All were
applied in furrows beside the young trees just above the root zone.
Later observations showed practically complete recovery from all ma-
terials containing sulphur, and in the spring, many of the trees were
sold. Aluminum sulphate brought about only 82 percent green; ammon-
ium sulphate used for its nitrogen value, left the plants only 70 percent
green. Gypsum, though it may have improved permeability of the soil
did not cure the chlorosis. .

In another large-scale test, some 20,000 badly chlorotic budded trees
were involved. In the spring, acid sulphur compost alone for one lot
at the rate of 250 pounds per acre and sulphur compost at the same
rate with added iron sulphate were applied in furrows beside the rows.
By September, the sulphur plus iron sulphate treated trees were prac-
:om:% 100 percent green; the sulphur compost treated trees were not
quite so good. Other materials such as gypsum and nitrogen were not
effective, showing that this was a true case of mineral deficiency and
not just nitrogen starvation.

" Chlorosis control in ornamentals.

Sulphur and sulphur compost (for quicker results) has brought
about good recovery from iron deficiency chlorosis (which is the most
common on ornamentals), in tests on roses, gardenias, bougainvilleas,

hibiscus, and other ornamental shrubbery, and even on an annual plant
Calendula. ,

Precautions on the use of sulphur

Any mixture of soil and sulphur can become too “hot” to use
wqogmo:o:m_v\ ».3::& plants;———not hot in the thermometer sense, but
hot in the chemical-burning sense. It has already been stated that as low
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as Vo of 1 percent sulphur in a mixture with soil may attain a pH below
m.mo A»: less MES 3 59%?& and 3.0 is too acid for most plants to endure.
The acid sulphur composts referred to in this discussion cannot be con-
sidered to be a substitute for ordinary compost heaps N.::w their well
decayed organic matter commonly used as top dressing in flower beds
and seedbeds of various kinds. Acid composts diluted with soil have
mistakenly been used for potting soils with disastrous Smc#w.. O.oavoma
are useful for one purpose, and one only;—that of spot application, at 3
or 4 points around a chlorotic shrub (or 20 to 30 spots around a chloro-
tic tree) in which acid zones of soil are produced from which acid
gradually diffuses to reach and benefit the roots.

Another disastrous mistake that has been made is that of putting
sulphur into the soil used for banking young trees in the newly .planted
orchard. One year, somebody (not connected with the Texas A. & M.
system) made the mistake of recommending that ?.oaummc._.m to growers.
That year hundreds of young trees were killed by the highly acid soil
that lay for weeks next to the trunks. Some of the trees that were
brought to the laboratory had soil still clinging to the trunks that show-
ed a pH of 2.5. Later the speaker chanced to pass by a recently banked
orchard with sulphur showing in the banking soil. The grower was warned
of the danger and he proceeded at once to pull all the sulphured soil
away from the trees. It is practically certain that by so doing he saved
himself the replacement cost of several hundred trees. And that was
at a time when trees were costing $2.00 apiece.

SUMMARY

Chlorosis or yellowing of plants is frequently brought about by de-
ficiency of certain minor elements, chiefly iron, manganese, and zinc.
With iron at least, and to a certain extent with the others, the deficiency
is in availability to the plant, rather than absolute lack of the element in
the soil. These elements in an alkaline soil such as that which prevails
in the Valley are likely to be in insoluble form. They can be made and
kept soluble and so available for absorption by the plant roots, by acidify-
ing the soil. It is not practicable to attempt to acidify the entire volume
of soil, as tremendous quantities of acid-forming materials would be
required to do this. It is more practical to acidify spots, streaks, or zones
of soil. into which some of the roots will grow and thus supply the very
low quantities of these minor elements essential to healthy growth. Sul-
phur, if applied in spots or streaks, well below the surface to avoid dis-
turbance by cultivation, gradually and over a long period oxidizes to
sulphuric acid, thus creating long-lasting acidified zones in the soil. This
paper details experiments that have demonstrated the value of sulphur
for the cure and prevention of chlorosis. :
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Spray Control for the Control of Mites and Scale
Insects in Florida

By W. L. Thompson
Florida Citrus Experiment Station

W. L. Thompson graduated from Pennsylvania State University.
He has been at the Citrus Experiment Station since 1925. His
work has included the life history of several of the citrus insects,
control of scale insects, rust mites, purple mites and various
other insects infesting citrus. His work also included the re-
lationship of scale infestation to tree vigor and other conditions
which may be a factor which causes scale increase. He has
studied the relationship of timing of oil sprays to the percent of
solids in the juice as well as the relationship of the effect of oil
to natural and artificial coloring of the fruit. Considerable of his
time has been spent in seasonal program work for the combined
control of insects, mites and diseases on citrus.

Spray programs are recommendations for the control of insects
and diseases in a more or less specific area so a program suitable for
the control of an insect in Florida may not suit conditions in Texas.
Nevertheless, practices of one area may be, with some modifications, of
some value in other areas. In this discussion on the control of mites and
scale insects in Florida, it is realized that control methods recommended
in Florida may not be suitable under Texas conditions.

Because of the limited amount of time to prepare this paper no
attempt was made to review the literature related to the subjects dis-
cussed except for that work done at the Florida Citrus Experiment Sta-
ion.

Citrus has been grown in Florida ever since the Spaniards came to
this country. At first very few insect pests were present, but as the
years have passed, insects from foreign countries have found their way
there and the introduction of each new insect or disease pest made the
problems more complicated. Constant changes in a spray program have
been necessary to keep up with the insect and disease control as well
as with the changes in cultural practices. In Florida, because of a change
in the nutritional program, the control of purple and Florida red scale
and the citrus red mite (purple mite) is more difficult at present than
it was fifteen years ago. During the late twenties and early thirties, sandy
soils were deficient in magnesium, zinc, copper and manganese. The
trees were weak and foliage was sparse and chlorotic. Scale insects and
purple mites did not thrive on that type of tree and the spray program
was fairly simple. When the known nutritional deficiencies were cor-
rected, the trees became more vigorous, more dense of foliage and the
scales and mites thrived. It was not only necessary to improve the in-
secticides, but also it was necessary to learn how and when to spray
in order to obtain the longest period of control with the least damage
to the trees and fruit.

The Florida Spray and Dust Schedule for citrus is what might be
called a preventive schedule rather than a corrective one. It is a pre-de-
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termined schedule which is designed to control the mites, scale insects,
and disease before any appreciable amount of damage is, done to ﬁ.rw
trees or fruit. The preventive schedule is in contrast to a corrective
one where treatment is delayed until the insects become numerous.
Where the preventive schedule has been followed, the control of mites
and insects has been more effective and at no greater cost than where
a corrective schedule has been followed. It has been found that the per-
iod of control has been longer when the population of mites or scale
insects was at a low level when the treatment was made than when the
treatment was delayed until a medium to heavy infestation had devel-
oped. The preventive program has been mmv.mowwzw effective for con-
trolling rust mites. If the application of sulfur is m.m_mwmm until some rus-
seting is apparent or until a heavy population of mites develops, a certain
amount of injury has already occurred which no amount of spraying can
cure. The rust mite, having a short life cycle of 7 to 8 days, can reinfest
the trees in a short period of time if any number of rust mites are left
alive even after a sulfur application.

In Florida the insects and mites of major economic importance in-
festing citrus in the arder of their importance are purple scale, rust mite,
purple mite (citrus red mite), Florida red scale and whitefly. The two
major diseases affecting the trees and fruit are melanose and scab. Mel-
anose is common in all areas of the state, but scab is more or less confined
to the coastal sections. Compounds of zinc and in some areas manganese
are added to the sprays for nutritional purposes. The spray schedule has
been made so that insecticides, fungicides and nutritional elements can
be combined in one spray where it is practical.

Rust Mite and Purple Mite Control

Rust mite injury and the control of rust mite will be discussed
first because the injury is of major importance as a grade lowering factor.
There are two types of rust mite injury, which in Florida are known as
early injury and late injury (7). The  early injury may occur between
the time the fruit has set and until it is about three-fourths grown. The
injury is usually a light to dark brown color and is common on the stylar
end of the fruit, but where heavy infestaions have developed before
the mites have been controlled, the injury may be all over the fruit. If
the injury is examined under a hand lens, small cracks may be observed.
Unless very close observations are made, the early type of injury may
not be noticed until the fruit has colored. The early rust mite injurv
is most noticeable on oranges and is sometimes mistaken for melanose.

Late rust mite injury is caused after the fruit has about reached its
normal size. It has a smooth appearance, is brown to black in color and
will take a sheen when polished.

Rust mites can cause serious injury to the leaves. This injury is
known as “greasy spot” and “greasy melanose.” (13) In groves wherr
the rust mites are not controlled during the winter, “greasy spot” develops
at a later date. Where “greasy spot” is excessive, leaf drop may be severe
with a potential effect upon subsequent yield.
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Rust mites are controlled with some form of sulfur. The most com-
mon forms used are lime-sulfur, wettable sulfur, and sulfur dust. A
combination spray of one gallon of lime-sulfur plus 8 to 10 pounds of
wettable sulfur has resulted in the longest period of control. However,
during dry periods wettable sulfur at 10 pounds per 100 gallons of spray
has kept the rust mite population down so that less than 15 percent of
the fruit was infested for 60 to 90 days or longer. Wettable sulfur sprays
rather than lime-sulfur are recommended during the summer because
they are less apt to produce injury to the fruit. Sulfur dust has not been
as effective as sulfur sprays, but if properly applied, dusts have given
satisfactory control except during rainy weather. If sulfur dust is applied
by an airplane or a conventional type duster, it floats on or through the
trees and settles mainly on the top surfaces of the leaves where it is
most exposed to the elements. Thus, since a higher percentage of the
mites are found on the lower surfaces of the leaves than on the top
surfaces, the fumigation action of the sulfur must be depended upon
to kill the mites on the under surfaces of the leaves. On the other hand,
when sulfur is applied with a pressure sprayer a high percentage of the
leaves are turned by the pressure of the spray and an appreciable amount
of sulfur deposited on the under surfaces of the leaves not only comes
in direct contact with the mites, but it is subject to less weathering and
may remain for a considerable length of time. For this reason, longer per-
iods of control are obtained by spraying.

Within the last fifteen years, purple mites have become of major im-
portance as an annual pest in Florida. They may be numerous any time
between November and June, but the most serious damage, in the form
HNM a_vmvmm drop, occurs between November and the spring flush of growth

At present dinitro-o-cyclohexyl phenol, called DN in Florida, is the
most common material used for purple mite control. For a spray, 2/3 of
a pound of a 40 percent dinitro-o-cyclohexyl phenol wettable powder is
used per 100 gallons. For dusting, a sulfur dust containing one percent
of the active ingredient is effective. When the DN is applied as a spray,
it is supplemented with wettable sulfur so that the rust mites and purple
mites will be controlled at the same time. Because of possible injury
to both fruit and foliage, DN should not be used when the air tem-
perature is above 88 degrees Fahrenheit.

Neotran, bis (P-chlorophenoxy) methane, has been used in an ex-
perimental way and has been found to be very effective when used as
a spray at 2 pounds per 100 gallons or as a dust at 4 percent Neotran in
sulfur dust. Although Neotran has not been as toxic to foliage and fruit
its cost is much higher than DN, and none has been used commercially
in Florida on citrus. Oil emulsions at 1.3 percent actual oil are very
effective for controlling purple mites, but they are not used extensivelv
for that purpose because the mites are usually present during the fall
and winter months when it is not advisable to use oil sprays.

The schedule for rust mite and purple mite control is much the
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ame. uary, or before the spring flush of growth starts, a DN-wet-

N.Mw.mm mﬁmﬁv mwwww or a 1 percent DN-sulfur dust is .88859.&&. Even
though the crop has been picked, this application is stressed because a
DN-sulfur application will reduce or prevent a build up of rust B_ﬁmv
and purple mites on the leaves. It is also a safe Hum”:o& to w@.ﬁ?. Ur .
This pre-growth sulfur application so reduces rust mite populations that
few mites are present when the fruit is set and is thus an important factor
in preventing early rust mite injury. Where purple mites are not a prob-
lem. DN is omitted and standard sulfur sprays or dusts are m:_umﬁncgm.
Zine is often included in this dormant sulfur spray for nutritional pur-
poses. Although neutral zincs are used, zinc sulfate is the most common
material applied. It is ordinarily applied at 3 @0::%. per 100 gallons
and is neutralized with lime-sulfur or 172 pounds of lime (1 pound of
lime if DN is included in the spray).

One to three weeks after the fruit has set a second application is
recommended. This spray includes sulfur for rust mite control and copper
for melanose control. Neutral coppers are used at a copper equivalent
of a 3-3-100 bordeaux (2). The usual spray consists of a neutral cop-
per compound plus 10 pounds of wettable sulfur per 100 gallons. Prop-
er timing is essential for the satisfactory control of melanose. Thus, it is
important to have the copper spray on the young fruit before any
melanose infection takes place. If melanose control is unnecessary, sul-
fur should be applied alone in order to prevent rust mite injury. Rust
mites increase very rapidly during April, May and June and it is im-
perative to keep them well under control.

During June and July oil emulsion sprays are recommended for
scale control. Oil sprays are not highly effective as a means for rust
mite control, but if there is only a light infestation of mites, the rust
mite infestation will be checked for three to six weeks.

By August or early September a third sulfur application is usually
necessary. It is recommended that either wettable sulfur at 10 pounds
per 100 gallons or a sulfur dust be applied whenever 15 to 20 percent
of the fruit become infested with rust mites.

During a period between October and December rust mites and
purple mites may become numerous enough to warrant a treatment.
The same miticide combinations are used during this period as in Janu-
ary.

The Program for Scale Control

The same type of preventive program has been used for the con-
trol of scale insects as is recommended for mite control. An annual oil
spray is recommended even though the infestation of scales may appear
to be very light. Heavy infestations of either purple scales or Florida
red scales may cause the loss of fruit, leaves, and bearing wood, and also
cause a general weakening of the tree. Petroleum oils have been used
in Florida for over thirty years, and they have been praised as scalicides
and damned for their effect on the trees and fruit. However, it must
be admitted that where scale is a problem, the injury caused by heavy
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infestations has been more injurious to the trees than the oil emulsion
sprays. Where oil emulsion sprays have been judiciously used in the ex-
perimental plots or in groves in general, the treated trees are in better
condition than where no attempt has been made to control scale in-
festations. Some of the factors influencing the use of oil sprays are dis-
cussed below.

Oil Specifications.— Paraffin and napthene (asphalt) base oils are
used for the control of purple and Florida red scales. No significant dif-
ference was found between the two types of oil for the control of scale
insects where the oil emulsions were used at concentrations between 1.3
and 1.4 percent actual oil. At a concentration of 1 percent oil there was
a slight trend in favor of the paraffin base oil.

The viscosity of the various oils used in Florida varies from 72 to
about 100 seconds Saybolt. Oils having a viscosity of 72 seconds Saybolt
are in more common use than the heavier oils. In experimental work
there was no correlation between scale kill and the viscosity of the oil
where there was a range between 72 and 110 seconds viscosity. Most of
the oil testing was done during the summer months. Under these cir-
cumstances no difference in leaf drop or shock to the tree was ob-
served where the viscosity of the oil varied between 72 and 100 seconds.

The unsulfonatable residue of the oils in general use in Florida
is somewhat lower than for oils used in some other areas. In general,
the range is from 77 to 92 percent unsulfonatable residue, but most of
the oils in common use have a UR of 77 to 85. Oils having low and high
UR’s have been tested in different parts of the citrus growing areas
in the state and no differences have been noticed in scale kill or shock
to the trees. However, in California Boyce (1) does not recommend an oil
with a UR lower than 92 percent. Since the climate in Texas is between
that of California and Florida it would be well to test oils with a low
UR before recommending them for general use. .

Oil Concentrations.— Assuming that a safe oil is available, a pre-
requisite for effectiveness is the type of oil emulsion made. The pre-
centage of scale mortality depends upon the amount of oil deposited
on the leaf. Some oil emulsions are classed as tight emulsions. These oils
are slow in separating from the water when the spray hits the leaves
and this results in more of an oil run-off than may be desired. A loose
emulsion is one that breaks quickly in the dilute spray and when the
spray hits the leaves, the oil separates from the water very easily and
remains on the leaves so that little is lost in the excess water that drips
from the foliage. A fairly loose emulsion is usually desired because
a lower dilution of oil may be used. Redd (4) showed that there was a
wide range in the amount of oil deposited on foliage when seven dif-
ferent commercial oil emulsions were applied at 1.4 percent actual oil.
The oil deposited with one emulsion was about four times greater than
the oil deposited with another. The former resulted in inferior scale
mortality, and the latter deposited more oil than was needed for. scale
control and énough to cause a heavy leaf drop.
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The concentration of ail recommended in the dilute spray varies
from 1.3 to 1.5 percent actual oil. A concentration of 1.3 percent oil
has resulted in 83 to 95 percent kill in the experimental mﬂo.ﬂw. Where
thorough sprays were applied and the same type of .mBEmH&NEm mmwba
were used, 1.3 percent actual oil was as effective as either 1. meMomn or
15 percent, but due to the different types of oil emulsions used, it is
necessary to use the higher concentrations of oil in the dilute ww;%
with a tight emulsion and the lower concentrations with a loose emulsion.

oughness of Application.— Thoroughness of application is as
mswo‘m”wn .mm ?»&:m*m: ﬂwmmoa,\m insecticide where scale control is con-
cerned. Oil emulsions are entirely contact Em.mo.ao&mm é.r_ov means
that the scale must be covered with the spray if it is to be killed. To ob-
tain a high percentage of kill, both the upper and lower surfaces of the
leaves must be covered with the spray, and where either purple scale,
or California red scale are present the wood should be thoroughly cov-
ered as well. The fact that a high percentage of the females of both
purple scale and Florida red scale are found on the under surfaces of
the leaves necessitates the coverage of the lower surface of the leaves

if satisfactory control is to be expected.

Suitable spraying equipment is of prime importance. The pressure
spray ::SE:@W mwww:_mm be set so that the spray is discharged at between
500 and 550 pounds pressure, and if the trees are 30 feet or more :w.
height, 600 pounds pressure may be dwmmm&.. However, the volume A.u
spray discharged from the spray gun is as important as 9.@ pressure
since the leaves are more easily turned where a comparatively large
volume of spray is used. The volume of spray may be regulated by n.rm
size of the aperture or opening in the disc of the spray gun A.mv. For in-
stance, either single nozzle or double nozzle spray guns, mns_cvam.&ﬁr
discs having 8/64" apertures will discharge a volume of spray sufficient
to turn the leaves and penetrate into the dense foliage of the tree. If
discs with smaller apertures are used the stream of spray is so reduced
that it is difficult to turn the leaves so that the undersurfaces are
thoroughly covered. In experimental work, a higher degree of control
was obtained at less cost per acre, but it took much less time to spray
the trees with a resultant saving in labor costs. In addition, Stearns (6)
has found that there was a more uniform oil deposit on leaves r.cn,_.
different parts of the tree where the guns were equipped with 8/64
discs than with 5/64” discs.

Broom guns (3 to 8 nozzles) have not proven satisfactory for oil
emulsion applications. The stream of spray from broom guns cannot

be regulated, and if discs with large apertures are used, there is a waste
of material.

The “Speed Sprayer” is now in common use in Florida. Satisfactory
control of scale has been obtained if the “Speed Sprayer” is moved at a
rate of between 1 and 1.2 miles per hour. The oil deposit decreases
very rapidly as the speed of the sprayer is increased (6) and the gallon-
age per tree is regulated by opening or closing some of the jets rather
than increasing or decreasing the speed of the tractor.
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Regardless of the type of equipment being used, it is recommended
that the man in charge of the spray crew be instructed to inspect the
undersurfaces of the leaves from the inside canopy and the tops of the
trees in order to determine whether coverage is complete.

Timing of Oil Sprays.—The timing of the oil sprays is not only
important as a means of obtaining a high percentage of kill, but it is also
important in relation to the effect on the trees and fruit. In Florida, it
is recommended that the oil spray be applied during a period between
June 1 and July 81 but preferably between June 15 and July 15. There
are a number of reasons why the period of June and July was selected
for the application of oil emulsions.

During the period between June 1 and July 15 there is usually
a hatch of scale eggs. Since the first and second stages of scale are
more easily killed than the mature third stage, the timing of the oil
spray is regulated so that whenever possible it is applied when there
is an abundance of scale in the first and second stages of growth. Un-
satisfactory control may result if there is a high percentage of females
depositing eggs when the spray is applied. The oil spray should not be
applied during the peak of the crawler stage as is practiced where scale
is controlled with sulfur applications. The sulfur residue is depended
upon to kill crawlers as they appear, but since there is little residual ef-
fect from oil, the young scales which hatch after the oil application will
not be killed. Since the young of California red scale are born alive, and
according to Boyce (1) a female may bear young for a period of two
months, the timing for that species of scale may be ditferent than for
either purple or Florida red scale.

If the oil application is made before June, Florida red scales some-
times reinfest the trees during the fall months. During the months from
August through November, Florida red scales increase very rapidly so
it is important to have the scale population at a low level by August. If
the spray is delayed until after August the trees may become too heavily
infested to obtain a satisfactory control and a second application may be
necessary.

Sometimes a heavy infestation of scale is present during the spring
which may necessitate two oil applications to clean up the infestation.
There are two periods when the first spray may be applied. One is just
before the growth starts in the spring. At that time there is the minimum
number of leaves which makes it possible to obtain a thorough coverage.
There are two objections to spraying at that time of the year. One is the
possibility of freezing weather following the oil spray, and the other is
that a high percentage of the scales are likely to be in the mature stage
of growth. Another period for the first application is from one to three
weeks after the fruit has set. Usually at that time there is a high per-
centage of scales in the younger stages. However, if the spray is delayed
until the fruits, especially oranges, have reached 3/4” to 12" in diameter
the oil may burn the fruit. Because of the necessity for controlling mel-
anose, a combination spray containing a neutral copper compound and
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an oil emulsion may be used for the combined control of melanose and
scale. If such a combination is used, it should be applied before_any
melanose infection develops on the fruit. The oommuoa-om m:E_m-o.:
combination apparently aggravates any scar Or lesion on the fruit,
and this results in a raised, cracked lesion which is called “star melanose.

As stated in the Spray and Dust Schedule (2): “Grapefruit are less sus-
ceptible to this injury than oranges. Not all coppers and oils are com-
patible and in some combinations the copper is flocculated and lack
of melanose control may result or considerable fruit burn may occur.
When using a proprietary COpper with oil, consult your mcmﬁ.:mn for in-
formation on the compatibility of the particular copper and oil emulsion
used and examine the spray mixture in 2 glass container before using
to see whether it has a fine texture or whether the copper is flocculated
(curdled) into small flakes or lumps giving the spray mixture a coarse-
textured appearance. If flocculation occurs, use a de-flocculator recom-
mended by the manufacturer of the oil used. The copper is usually ap-
plied at the regular rate per 100 gallons and oil emulsion at 1.3 percent

actual oil.”

The second oil emulsion should be applied between June 1 and
July 15. The early spring application followed in June by a second ap-
plication has resulted in excellent control of heavy infestations of mo.m_m.
An early June oil emulsion spray followed by a second spray six to eight
weeks later has also been satisfactory for scale control, but the effect
of the two sprays has been more detrimental to the trees and fruit than
where the first application was made earlier in the season.

The timing of oil sprays in relation to tree damage should always
be considered. An oil spray is a shock to the trees, but the least amount
of injury has developed when the sprays were applied while the trees
were in a vigorous condition. More dead wood has developed on weak
trees than on vigorous trees following an oil emulsion spray. Trees weak-
ened due to drought, scale infestation, crop strain, hunger or any other
numerous reasons have developed more dead wood following oil sprays
than vigorous trvees sprayed at the same time and in the same block.
One of the reasons for recommending the period of June and July for oil
applications is that the trees in well kept groves are in a vigorous grow-
ing condition at that time. It is also a period when there is adequate
moisture in the soil. This is very important as trees should never be
sprayed with oil emulsions if they are suffering from lack of moisture.

Fall oil applications should be avoided. Results of experiments con-
ducted over a period of 10 years show that less dead wood developed on
oil sprayed trees where the applications were made before September
than where they were made between September 1 and December 31.
There are several reasons for not delaying the oil spray until the fall
months. At that period of the year the trees may be weakened by the
strain of the crop, by heavy infestations of scale, or by drought, and
subsequent cold injury is always possible. The freeze of February 6, 1947
produced some startling effects in an oil timing experiment (12). Plots
sprayed in June, July or August had no more dead wood than in the
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unsprayed plots, but the amount of dead wood pruned from those trees
sprayed in September, October, November or December was in propor-
tion to the length of time the spray was delayed in the fall. There was
an average of only 20 pounds of wood per tree pruned from the unsprayed
plots and those sprayed during June, July and August. About 40 pounds
of dead wood was pruned from trees sprayed either in September or
October, 50 pounds from trees sprayed in November, and 70 pounds from
those sprayed on December 15. It should be noted that the freeze oc-
curred at least 6 weeks after the last oil application and over 4 months
following the September application. This indicated that the injury was
not ,Umﬂow:mm of the oil on the leaves, but was an effect on the trees in
general.

A fall oil spray sometimes upsets the physiological balance of the
trees in such a way that they fail to set a normal crop of fruit in the
spring. The production records from the oil timing plots and observa-
tions made in commercial groves where only part of the grove had been
sprayed, show that sometimes, where an oil application was made be-
tween Otober 1 and December 1 that the following years crop was
reduced 30 to 50 percent.

Indiscriminate timing of oil sprays may affect the internal quality of
the fruit. In Florida an oil application made in August invariably pre-
vents the formation of the maximum percentage of soluble solids (5)
(11), and during some years September and October sprays may also
affect the soluble solids adversely. June and July applications have had
less effect on solids than later sprays, and during some years the early
summer sprays have had no demonstrable effect on the solids. Two oil
sprays are more detrimental than one spray, but the least effect from
two oil sprays was where the first application was made in April and
the second in June. The effect of oil sprays on preventing the formation
of maximum soluble solids has been much more critical on oranges than
on grapefruit. August, September and October oil emulsion application
&5:5 be especially avoided on early varieties of oranges particularly
if they are to be shipped early in the season.

Qil sprays in August, September, and October retard the degreen-
ing of fruit (9) (5). When two oil sprays were applied, the m«mﬁmoism
process was nmmm&mm very materially especially where the second oil
spray was applied from August through November or before the fruit
had colored naturally.

MQm.R of Oil mﬁ.qnm\m on Natural Control of Scale.— Many growers
do not like to use oil sprays because they are afraid they will kill the

- ladybeetles, parasites and entomogenous fungi (friendly fungi). There

has been no indication that the oil emulsion spray adversely affects the
:»9:.»_.853_ of scale insects. Actual counts by Griffiths (3) and by
the writer showed only an occasional dead ladybeetle following oil
emulsion sprays. Oil sprays do kill parasites, but Griffiths (3) found
that the ratio of parasites per live scales was essentially the same before
and after oil spray applications. An oil emulsion is usually not considered
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to be a fungicide and results of unpublished work of Miss Fisher® indi-
cate that oil sprays do not adversely affect the entomogenous fungi.

The qualifications for the use of oil emulsions for scale control may
seem rather discouraging. Nevertheless, heavy scale infestation can
weaken the tree to the extent that production is reduced and the trees
are more affected from cold weather, drought and wind damage than
trees comparatively free of scale that were sprayed with an oil emulsion
during the time of the year when the oil spray had a minimum effect
on them.

Since California red scale is increasing and the blackfly is on its way
north, it would seem advisable to initiate research on the efficiency of
different types of oils, and oil emulsions on scale control and to deter-
mine the effect of oil sprays on the trees and fruit. In Florida the eradi-
cation of the citrus canker, the Mediterranean fruit fly, and the blackfly
at Key West, were expensive and painful operations, but it paid big
dividends to eradicate each of these pests. However, the cost and the
“pain” might have been less in the eradication work had more been known
about these pests before they made their appearance in the state.

Parathion looks promising as an insecticide for the control of purple
scale, Florida red scale, whitefly and some other insects which intest
citrus trees. Results to date indicate that it does not shock the tree, af-
fect solids or degreening of fruit to the extent that oil sprays do. If this
material is released for the use on citrus, it could be used in areas where
oil sprays are especially injurious to the trees.

In conclusion, it is hoped by the writer that some of the work which
has been discussed in this paper will be of some benefit to the citrus
growers and research workers in the State of Texas.
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Formation of Valley Nurserymen’s Association
By Ben CHAMBERS, JR. g

J. B. Chambers, a native Texan, graduated from Texas A &M
in 1923. For the past 24 years he has been m.ncﬁuh% w:mmmmm in
the Nursery and Citrus business in Raymondville and Harlingen.
He is President of the Valley Nurserymen's Association. He has
kept abreast with the nurserymen’s problems in California and

2,

Florida by frequent visits to those states.

The Valley Horticultural Club has had as one of its objectives
the sponsoring of other organizations that would help investigate prob-
lems arising in our fruit and vegetable industries, and to work for
improvements in these lines. This Institute is presented to you through
the efforts of the Club, and it is also responsible for the actions taken
which led to the formation of the Valley Nurserymen’s Association.

During 1946 and 1947 there were numerous discussions of the
scaly bark and psorosis problem in citrus trees at club meetings, and
some members had the opportunity to observe new control methods be-
ing used in California in psorosis. This work was of such a highly
specialized nature that the club soon realized it would be difficult
to get it started here, and especially to place it in the proper hands
to carry on. During the summer of 1947 a special program on the
subject’ was planned and several nurserymen invited as guests to dis-
cuss the problem. It was hoped that the nurserymen would choose
to become active in the work and form an organization, but the interest
was not sufficient at that time.

About the first of this year the club learned through the Experi-
ment station and members of the club that *Dr. H. S. Fawcett, pathol-
ogist at the University of California Citrus Experiment Station, who
is our best authority on psorosis, might be interested in coming to the
Valley to make a survey of the situation here. The Citrus Council and
other organizations agreed to under-write the expense of his trip; so the
invitation was extended and accepted by Dr. Fawcett to be here dur-
ing the month of March when conditions would be best for study.

Upon his arrival in the Valley the first of March, Dr. Fawcett was
extended use of facilities at the Experiment Station, and many individuals
volunteered to show him orchards in all parts of the Valley. Mr. Carl
Waibel of Weslaco, who was doing tree surgery and individual tree
care work, and who had worked with Dr. Godfrey at the Experiment
Station, volunteered to accompany the party and assist Dr. Fawcett at
all times. Upon completion of the studies, Dr. Fawcett prepared a com-
plete report of his findings, along with his recommendations for setting
up a program for registration of parent trees for budwood, which was

presented to the club. A special meeting was called for March 22nd., at "

which time many nurserymen and various officials were invited to hear
him discuss the report in detail.

After hearing this report, the nurserymen were so interested and

*Deceased.
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convinced of the necessity for this program being started here that
they immediately organized to sponsor the work. Officers were elected,
who are, myself as president, Mr. E. W. Linnard of McAllen, as vice-
president; and Mr. Walter Bach, of Weslaco, as secretary-treasurer. The
seventeen members financed Dr. Fawcett’s trip, then at a meeting on
April 20th., employed Mr. Carl Waibel and sent him to California for
further study under Dr. Fawcett so he would be prepared to begin
the work, which he has done exceptionally well since that time.

The nurserymen realized that this was an industry project just
as much as their own, but some one had to assume responsibility for
its beginning.

They also realized that in order to succeed, more authority than
that of the association was needed for it to be accepted by the pub-
lic; so arrangements were made for Mr. Waibel to be employed by the
State Nursery Inspection Department, where he has served officially
since July Ist., as special inspector for citrus registration.

The association is now attempting to work out agreements with
the Experiment Station and State Department of Agriculture to carry
out the complete program as recommended by Dr. Fawcett, which is
very similar to that being done in California. :

The Nursery Association is made up of men who desire to pro-
duce the finest quality of stock possible for the industry. There are
no registered trees in the Valley now, and we know it will not be
possible to produce them for four or five years. When that time comes,
the cost of producing trees and the exactness in nursery work will be
many times greater than at present, but orchard owners will be the
winners in the long run. Nursery trees produced from known registered
parents with desired vigor and production records, and known to be
free from psorosis and other diseases should certainly be an asset to
the citrus industry, and is the ambition of this association.
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The Inspection and Registration of
Psorosis Free Citrus Trees

By C. W. WaIBEL

Nursery Inspector
Division of Plant Quarantine
Texas State Department of Agriculture

i York State
aibel has studied tree surgery at the New ite
mmvm\m.mmﬁg Forestry, Davey Institute of Tree mcummﬂﬁmmoﬂ.mwm
and the Davey Tree Expert Company of Ohio. He cnmm. ic | tree
surgery in New York for 55 AwmmmEZ::E H%Mw.mwwmﬂ :nummw. ent 2
surgeon in the U. S. Navy. C ) ]
meamOwwnmmwm <w:m8~ in 1945 where he studied citrus muwmﬂmm%
under Dr. G. H. Godifrey until 1948 when he was wuvopﬁﬂ. e mm
ley Nursery Inspector, working with Dr. Fawcett in m% Emﬂ :w:n
Psorosis Free Budwood Program for the Texas State Departm

of Agriculture.

Psorosis, or Scaly Bark as most people know it, is believed to have

originated in the Orient and has been &.mﬁv:ﬁm@ to the %52 @:.:m
growing countries with the spread of Citrus varieties m.sr .num@oaw. 3
first appeared in Florida after the freeze of 1894 in the orchar M ama.: m
ded from budwood sent from California. We can readily un M.n_m .w.m.
why we have it here in Texas, for most of our Citrus came from Florida

and California.

Psorosis is a deadly virus disease and one of the leading factors

in small fruit sizes and the short life of our trees. Its only known means

of transmission is by graft union either by budding or by natural root

¥ d trees are produced in the nursery when they are grown
WMM.MMMMonoB &wmummmﬂnmmw. The disease can be detected in the nur-
sery trees by leaf symptom, but otherwise the trees at this stage »wcm.«_ﬂm
normal and grow as well as uninfected trees. It is only on 5 to 20 %ME. o
trees that the scaly-bark trunk symptoms appear even though the tree
has carried the virus from the time of budding in the nursery.

In the past, litle was known about this <:.:w.&mm.mmm and Eno:mw
no fault of the nurserymen, trees were budded with little regard to :m.
presence. Some nurserymen were careful enough to stay away from trees
that showed bark symptoms. This at least was a help. However, Eomm
nurserymen take budwood from trees too young to show the scaly bark

symptoms.

About ten months ago a program was recommended to the Valley
by Dr. H. S. Fawcett for the elimination of this dreaded virus disease by
the Lower Rio Grande Nurserymens Association, the Texas wﬁ:w De-
partment of Agriculture and the Lower Rio Onm:mm. Valley Experiment
Station. That program is now being carried out and is well under way.

Registration of Trees

This program calls for the inspection and registration of parent
trees free of psorosis and any other known transmissable disease, as a
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source of budwood for propagation of citrus trees. The parent tree must
be at least eight years old, its parentage traced down and as much
as possible obtained as to variety, production, quality of fruit, and as to
what generation from the parent tree. The tree is then examined from
top to bottom for bark lesions of both psorosis and gummosis. It is then
checked for bud mutations and chimeras etc., and finally the tender
flushes of new leaves are inspected from at least ten locations about the
tree for leaf symptoms of psorosis. If the tree still shows no indication of
psorosis or other diseases, such as Stubborn Disease, Rio Grande gum-
mosis, footrot, or leprosis, the four adjacent trees are examined in the same
manner. If all five trees fail to show any symptoms of the diseases named
above, the one selected tree is then charted and listed for possible regis-
tration. The parent trees to be registered must show no leaf symptoms
of psorosis at inspection of all flushes of growth for an entire year plus
an extra inspection of a second spring flush. At the first sign of any
suspicion of leaf or bark symptoms of psorosis, the tree will be elimin-
ated. A tree that passes the tests will be registered for three years and
must be inspected again before it can be re-registered. Progeny of regis-
tered trees must be 6 years old before they can be registered. It is
planned that after the first spring flush inspection budwood will be
taken from the tree and budded on sour and Cleopatra seedlings for
testing for the presence of psorosis. Two of the trees on sour and two
on Cleo will then be selected and planted in a permanent grove for
turther observation and a permanent check.

It will be the Spring of 1950 before we have any trees registered,
and the Spring of 1951 before nursery men have any registered trees for
sale,

During the past year 16,891 parent trees have been inspected and of
these 452 have been selected as being suitable to keep under further
test for possible registration as parent trees free of psorosis.

In addition to this inspection of bearing trees for possible registra-
tion, approximately 200,000, 1 to 2 year old nursery trees have been
inspected for leaf symptoms of psorosis. Of these 36,000 were found
to have psorosis leaf symptoms, were rogued out by the nurserymen and
were thus prevented from reaching groves.

Varieties of Psorosis

» ¢

There are five varieties of psorosis, “Psorosis A,” “Psorosis B”, “Con-
cave-gum”, “Blind Pocket”, and “Crinkly Leaf of which four have been
found in the Valley. Psorosis A has the familiar bark scaling on the
trunk and large __.me and its flecking spots on the leaf. Psorosis B pro-
duces scaly bark lesions on the large limbs which commonly extend
quite rapidly up the limb to the very tip ends. The young-leaf sym-
toms are similar to A, but in addition the mature leaves sometimes
show circular orange colored spots one quarter to an inch or so in
diameter. Both Concave and Blind Pocket do not seem to induce Scaly-
bark symptoms except in some instances when either psorosis A or psoro-
sis B are also present. Their typical bark symptom consists of concavities
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on large limbs. The young leaf symp-

toms associated with these two types are m:&mmbmﬁ.mwmzw from the ozﬂ
er Psorosis strains except that at times nrmmmw during the Spring ‘m_:m*
or leaf growth the young leaves show an irregular, zonate or oak-lea

pattern along the mid-rib.

or depressions on the trunk or

i ng nursery stock as mentioned above does not eliminate
So&ﬁoqmc .ﬁwm Mmﬁmomwm ﬁmwm by any means. It has been of some <mw:m
as it eliminates positive cases, but should not be publicized as Em%ﬂsm
psorosis-free trees. One nursery of 11,000 Valencia trees was rogued an
only 29 trees were found showing leaf symptoms. Later the <w_m.:o_w par-
ent budwood grove was checked and all but one tree in the entire grove
showed Concave gum and this other one had Psorosis A. The one
Psorosis A tree happened to be the source of the 29 nursery trees show-
ing leaf symptoms. The absence of young leaf symptoms in Em ?owé.z%
from Concave gum and Blind pocket parent trees at the time of in-
spection of the nursery explains why it is neccessary to examine trees
during several flushes of growth before one can be at all certain that trees
are free of psorosis. Therefore the nurserymen cannot advertise trees to
be free of psorosis just because they have been rogued, but he has
done the best he can until registered trees are for sale.

‘Detective Work is Used

It has been a mystery as to how Psorosis gets into progeny with
arent tree being free, and in some cases it actually takes detective work
“nd out why. One nurseryman claims to have never double U:.AE@&,
+rees out of 16 in one block showed leaf symptom. All sixteen
vees were supposed to have been from the owner’s psorosis free
Qut after several weeks of trying to find out how psorosis got
«e he called me to tell me he just remembered the three

* replaced them with trees from an unknown source.

W.m propagated a few hundred trees for himself from
v, &y “o planted half on one site and the other half
WS Y oroves are outstanding but show four per
N “tree i i Af ful check it
In® tree is psorosis free. After caretul check 1
no fa ~gated several hundred Valencia orange
presem . -e showing about 100% Blind Pocket
that shc Ooo S "o re-budded the seedling to grape-
I “e Valencia buds that failed had

nurseryn. s, O o e Valencia ) .
symptoms® % & P ~k which then in turn, infected

DR D = re-budding.

About % & SV & .
by Dr. H. ST5° 3 & & o + three years 80% of the
the Lower R ,W@.O/O» SHo This grove was aban-
partment of A S o° 2> %o»w.oe % on 11,000 nursery
Station. That p. .w/,@ & V(zc NS aese trees with leaf

F P
& .».OJ..%u 5

> ° ; trees were found to have

) A
This programg’ N ne entire grove were found
rove there are 22 non-produc-

tive Washington Navel trees mixed in. The entire grove was double
planted to Red blush grapefruit about three years ago. It was the job
of the inspector to find the Washington Navel trees to make sure none
were selected for registration. After working in the grove for several
hours a way was found to tell the Washington from the Thompson other
than by production. The Red blush next to the Washington was in
every case twice as large as the one next to the Thompson. Evidently in
its production the Thompson Navel is taking something from the soil
that the Washington in its unproductiveness is not.

In one grove of Red Blush grapefruit all trees but one were found
free of psorosis. That tree was along the edge of the planting next to
a diseased White marsh grapefruit. The soil was dug from the roots
along between the two trees and there two distinct root grafts were
found. These trees were 27%2 feet apart.

In many cases in the nursery, sour seedlings have been found budded
but with the bud dead. In such cases, if the bud was infected and if it
remained alive for only a few days, the virus could have been transmit-
ted to the sour seedling. If the Nurseryman decided to bud these trees
again it would be a diseased tree in spite of the fact that the new bud
came from a healthy tree. In all probability every nurseryman in the
Valley has at some time practiced double budding. It is hoped that they
discontinue this practice in the future as it is dangerous unless they
are using registered budwood in both buddings.

It is a proven fact that bark symptoms alone is not enough by which
to judge the health of a given tree. In one case a grove of 105, 8 year old
Red Blush trees was checked three years ago. At the time, and even now,
only one tree shows bark symptom, but after re-examining these trees
recently, leaf symptoms were found on 29 of the trees.

A trees may have a leaf symptom for years and not show any
marked effect on fruit size, production or even tree size. It is after
bark lesions appear that the trees start to show decline. At the time
of the outbreak on the bark, gum starts to accumulate in the vessels of
the wood and this obstructs the flow of water and mineral nutrients.
In our observations here in the Valley we have noted that psorosis in-
fected trees usually break out with bark lesions at the age of ten to
twelve years, but we have found some showing the bark symptoms as
early as six years.

Watch Leaf Symptoms

One nurseryman made a trip to California and saw leaf symptom
out there, but after returning to the Valley was unable to find it here.
He was under the impression that it did not show here due to hot
sun or some other reason, but on visiting Valencia parent trees we
found 6 out of 151 trees showing leaf symptom. He took note of the
tree number and- row number and on returning to his nursery it was
amazing to see the record he had kept on his budwood. The budwood
was bundled according to tree and row number, and after budding
each row in the nursery was labeled accordingly. It was an easy matter
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to remove the diseased trees by locating the_stake showing the par-
ent diseased tree number and row number. It is this sort of system
that will be used in the future to carry out the program m:oommmm:_ﬂ_vﬁ
Psorosis may be the answer to the short life of our tangerine and tange w
trees here in the Valley. I have inspected thousands of them and finc
only a very few free of psorosis.

This program in the Lower Rio Grande Valley can and will B%w:
a great deal to the entire citrus industry. Our goal is psorosis free
trees, and that alone. But the program is leading to trees free of other
diseases, better quality fruit, better production, stabilization of the
market of trees. We are on the constant search for early and late
maturing fruit with better shipping quality.

In the past two years at this same Institute_you had the pleasure
of hearing Dr. J. M. Wallace and Spencer Apple point out the :mo.a
for a registration program. It is a greater pleasure to present this
paper on the progress of the program, toward which this Institute has
contributed so much.

CITRUS DEVELOPMENT IN RIO GRANDE VALLEY
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A Progress Report of Studies of “m
Tristeza Disease of Citrus in Brazil

BEHAVIOR OF A NUMBER OF CITRUS VARIETIES :AS. .
STOCKS FOR SWEET ORANGE AND GRAPEFRUIT, AND
AS SCIONS OVER SOUR ORANGE ROOTSTOCK; WHEN
INOCULATED WITH THE TRISTEZA VIRUS!

i

By TueEOoDORE . GRANT

U. S. Department of Agriculture .
Division of Fruit and Vegetable Crops and Diseases .
and Attache, U. S. Embassy, Rio de Janeiro, Brazil

and
A. S. CosTa
Instituto Agronomico do Estado de Sao Paulo
Campinas, Brazil

Dr. Theodore F. Grant obtained his Ph. D. in Plant Pathology

at the University of Wisconsin in 1933. Since 1933 he has work-

ed actively in Plant Pathology for the U. S. D. A, on such’
diseases as Banana Wilt, Tobacco Mosiac, and rubber diseases.

He has worked in the Cooperative Rubber Field Station, U. S.

D. A. Turrialba, Costa Rica. He took over the U. S. D. A.
Brazilian Tristeza Investigation of Citrus in Brazil in 1947.

Dr. A. S. Costa is Brazil’s expert on the Citrus disease Zozaz.w
cooperatively with Dr. Grant.

Introduction

A preliminary report of work at Campinas, Brazil. on the tristeza
disease of citrus was presented by C. W. Bennett and A. S. Costa and
published in the 1947 proceedings of the Florida State Horticultural
Society. A more detailed account of their cooperative work is now .in
manuscript form entitled “Tristeza Disease of Citrus™ and should apyear
in an early issue of the Journal of Agricultural Research. Their work has
demonstrated conclusively that the tristeza disease is caused by a virus.
They have also shown that the disease is transmissible by budding and
they amply confirm the transmissibility of the virus by the black citrus
aphid, Aphis citricidus Kirk. ’

The present progress report deals primarily with the behavior of a
number of citrus varieties as rootstocks for sweet orange and grapefruit,
and as scions over sour orange rootstocks, when inoculated with the
tristeza virus. Although some experiments have been carvied out under
controlled screenhouse conditions, the larger and imore extensive tests
are being conducted in two nursery plantings in the field. The first
planting is called the Stock Test, in which, sweet orange and grapefruit
varieties are being used as scions over as many different varieties of

1The writers wish to express appreciation to Dr. Frank Gardner for
his helpful guidance and comments especially in relation to the prepara-
tion of this manuscript.
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citrus seedling stocks as can be established. The second planting is known
as the Sour Test, in which each of the citrus varieties, used as stocks in
the Stock Test, are employed here as scions over sour orange rootstocks.
This report describes the methods of procedure m:ﬁ&o«mm and presents
current results from the nursery field tests that are still in progress.

METHODS AND PROCEDURES

Seed Sources:—Under the direction of Dr. Frank Gardner u:.m
through the citrus stations of the U. S. Department o.m Agriculture in
Florida and Texas and through the cooperation of the Citrus Experiment
Station in Riverside, California, seed of 191 citrus varieties and relatives
for use in the Stock Test have been sent to Campinas. Brazil. This pro-
gress report includes results obtained to date on seventy nine varieties
that have been subjected to the tests.

Seed of an additional 51 varieties for the Stock Test have been
obtained in Brazil, largely from the Citrus Experiment Station at Lime-
ira and through the kind cooperation of Dr. Silvio Moreira, Head, Dept.
of Horticulture, Instituto Agronomico. Seed of a few odd varieties were
secured from the Deodoro Experiment Station, Rio de Janeiro, from
plants that had been established from seed sent to Brazil by Dr. W. T.
Swingle.

Sour orange seeds used in the Sour Test have largely been obtained
locally, although some seed of the fifteen varieties of sour orange sent
from the United States have also been used.

Screenhouse and Field Plantings:—All seed received have been

planted in flats and held under screenhouse conditions. As soon as the

plants developed sufficiently, they have been transplanted first to
clay pots and subsequently to the Stock Test or the Sour Test nursery
plantings. The rows in the first nursery plantings were made one meter
apart and four meters in length. Fifteen plants were placed in each row.
Whenever possible in the Stock Test, thirty plants or two rows of
each variety were established. The first planting in the Stock Test nur-
sery was made in August, 1947. The plant growth in general has been
very good and budding operations were undertaken in the latter part
of January and the first of February, 1948.

Varieties used as scion:— In testing the behavior of citrus varieties
as rootstocks for sweet orange and grapefruit, the following general
plan was adopted. On the varieties having thirty buddable plants; five
were budded with buds from seedlings of Barao, a standard Brazilian
variety of sweet orange and herein designated as Barao A, five with
Barao buds taken from orchard trees that were apparently healthy but
known to be definite carriers of the tristeza virus and herein designated
as Barao B, five with buds from Valencia sweet orange seedlings, five
with buds of Leonardy grapefruit seedlings and five with buds from
Duncan grapefruit seedlings. In the case of the Barao A, Valencia Leon-
ardy and Duncan seedlings, all plants used as a source of buds were
grown from seed under screenhouse conditions and were virus free. The
five remaining plants of the thirty were not budded but were allowed
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to develop as unbudded seedlings. In instances where the varieties did
not have thirty buddable plants, it was decided to bud as many plants
as possible and to follow the order given in the general plan above.

The selection of the Barao sweet orange as a top in the tests was
based on, previous experience with this variety. It was known to be a
variety that was susceptible to Tristeza and that showed early recog-
nizable disease symptoms over sour orange rootstocks. Also with this
variety both healthy and viruliferous buds were available and could
be used on the various rootstocks tested, in order to observe any differ-
ence in reaction that might result. The more important economic varie-
ty of sweet orange, Baianinha, would have been used in these compara-
tive tests but virus free buds were not available.

It was thought that observable differences in ma,oia. of virulif-
erous and healthy buds on similar rootstocks might occur and might
throw some light on the following questions:

1. Would tristeza disease appear any sooner or show any distinctive
symptoms over a specific rootstock when the top growth developed from
a viruliferous bud as compared with top growth developed from a
healthy bud that was subsequently inoculated? .

2. Would any one of the varieties react in such a manner ‘that " it
might serve as a means of indicating that the buds employed were car-
riers of the tristeza virus? .

3. Would the use of viruliferous buds afford any protection and
modify symptom expression in comparison with a possible shock effect
and more drastic symptoms following the inoculation of healthy plants?

4. In areas where only virus infected budwood is available would
the citrus growers have to establish a virus free source of buds or could
they use infected buds to establish a new orchard over tolerant root-
stocks? :

The chief reason for selecting Valencia sweet orange as one of
the tops in this rootstock test was so that experience could be obtained
with a variety of sweet orange that is used in the citrus trade in the
United States and at the same time known to be susceptible to the dis-
ease in California known as “Quick Decline.” The tristeza disease and
Quick Decline have many characteristics in common. It is desirable
therefore to test comparable plant material so that as information is
gained on the Quick Decline disease on various rootstocks, more detailed
comparisons of reactions of both diseases can be made with greater
certainty. :

Grapefruits were selected as tops in this test because of their econom-
ic importance and because experience in Brazil indicated that the re-
action of grapefruits to the tristeza disease might possibly be somewhat
different from that of the sweet oranges. The use of Leonardy and
Duncan grapefruits was due in large part to the fact that some budwood
of these varieties was available. v
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The Sour Test nursery planting was started in 1947. The distance
of planting was essentially the same as in the variety Stock Test nursery.
The plan has been to establish five plants of each variety over sour orange
rootstocks and to observe. their behavior following inoculation with the
tristeza virus.

Sources of Tristeza Virus Inoculom:—Since previous mx@mim:om.rwm
shown that aphids could be used as a rapid means of inoculating citrus
plants with the ftristeza virus, steps were taken to secure the large
humber of viruliferous insects necessary to inoculate over 3,000 stock-
scion combinations with more than 100 aphids per plant in the Stock
and Sour Tests. Through the cooperation of Dr. Moreira, apparently
healthy but virus carrying Barao sweet orange trees in the orchard of
the Instituto Agronomico, were cut back so that new growth could
develop. Aphids were then brought in and allowed to breed on this new
growth for one or two weeks, until the young twigs were practically
covered with them. The aphid infested twigs were then picked off of the
Barao carrier plants and placed on the nursery plants to be inoculated.
In order to fasten the twigs bearing the aphids on to the plants being in-
oculated on windy days, paper clips or string .were used with success.
As soon as the leaves on the detached twigs began to wither, the aphids
crawled off on to the plants being inoculated and started to feed. It was
noticed that the aphids established themselves best on plants having
very young terminal growth, thus increasing the chances of disease trans-

mission to such plants.

When it was found that additional sources of aphids would be need-
ed a survey was made in the vicinity of Campinas. Three relatively large
sources of aphids were found in orchards were tristeza disease was pre-
valent. Tests of randomized samples of aphids from these sources were
made using plants of the susceptible combination of sweet orange on
Sour orange rootstocks to establish that aphids from these sources were
able to transmit the disease. The results showed that the aphids were
carriers of the tristeza virus and so a portion of the Stock and Sour
Tests were inoculated with aphids from these sources.

Aphid inoculations of all plants were carried out in April and May
of 1948 and all plants that showed no positive symptoms of tristeza
were reinoculated in July and early August.

Behavior of Various Stock-Scion OeSE:a:oa?oa&ﬁm&
with the Tristeza Virus :

It should be kept in mind that the information in this progress report
is based on observations and on specific data obtained from readings
taken through August, 1948. The tests are still in progress and it can
be expected that there will be further additions and possibily some
changes as the plant material and disease symptoms develop and as
further observations are made and information obtained.

An attempt has been made in table 1 to organize the citrus varieties
by general botanical groups and from the data presented it is evident
that there have been some common reactions within these groups.
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Sweet Oranges:—The Barao and Valencia sweet oran :
the Duncan and Leonardy grapefruit tops have shown no mMmmMMWw MwM
ease symptoms over the sweet orange varieties, Pineapple, Valencia
Florida m.ecm.wﬁ seedling, Hamlin, and Parson Brown as aoOmmwoo_nm >_m
z:ww. varieties of sweet orange, Pineapple, Valencia, and Florida sweet
wwwmw_u:m. ‘as ccﬂ_ as gm three varieties of grapefruit, Leonardy, Foster
B uncan, when used as sci < ; i
and Duncan, when used ons over sour rootstocks have shown symp-

Lemons:—In the lemon group there wer ieties i
o_zmm@ in the current tests, Mu:m wa is of 8:%&.“%%mmowﬂﬂmw“hmm.mm:hﬁ
the distinctly different reactions that have been obtained. The Barao
sweet orange tops over Harris lemon as a rootstock, have shown trist-
MNw disease. Similarly both Barao and Valencia sweet orange tops over

emon PI Emé@ as a rootstock, have shown tristeza disease. In con-
trast the various sweet orange and grapefruit tops over Columbia sweet

lemon and Sweet .
toms. eet Lemon PI 1168 as rootstocks, showed no tristeza symp-

The results of test of these 1 ieti
o Test St emon varieties as tops over sour oran
rootstocks are not definite at this time except in the owmw of the OoﬁcB%M

sweet —QHEOSW ggﬂw— as HOme over sour orange mros tristeza mumwmmﬁ mv;:c'
m

TABLE 1.

Results from inoculation of various citrus stock-scion combinations
with Tristeza virus in Brazil!

Tristeza disease symptoms on stock-scion
combination

Stock: Listed variety Stock:
Sour or-

List of varieties

Scion: Sweet Orange |Scion: Grapefruit; ange
Barao Barao | Valen-| Leon- Dun- Scion:
_ A B cia ardy n” amw.wwnom
Citrus sinensis (L.) Osbeck
Sweet oranges
94, Pineapple - - -
95. Valencia — — — _ _ .H
96. Florida sweet seedling - - - -~ _ +
97. Hamlin - N .
98. Parson Brown - — — B
Citrus limon (L.) Burmann
Lemons
61. Harris lemon +
64. Columbia sweet lemon — - +
65. Sweet lemon PI 1158 — - — -
+ 4+ 4+

66. Lemon PI 136469
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Citrus reticulata Blanco
Mandarins, tangerines and
hybrids

45, Cleopatra

47. Dancy

48. Oneco

49. Temple

50. Mandarin PI 10630
51 .Mandarin PI 117477
52. Mandarin PI 114412
53. Swatow PI 10032
54, Swatow PI 10031
55 Swatow PI 14054
56. Ponkan PI 18027
58. Clementine

59. Suen Kat

60. Sunki

68. Rangpur lime

130. Kinnow

131. Kara

Citrus paradisi Mcf. x
C. reticulata
‘Tangelos

31. Sunshine
32. Umatilla
35. Suwannee
36. Orlando
38. Yalaha

39. Williams
40. Minneola
42, Sampson
43. Seminole -
30. Thornton
41. Watt

44, Pina

I29. Tangelo PI 52018-W-2F

++t+

+t

e i ol o T B R N

R e ek R

+

T4+

R L s

Citrus reticulata x C. ...
sinensis

105. Tangor PI 653
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Citrus aurantium L.
Sour and Bitter
Sweet oranges

70. Savage PI 128348
71. Bergamia
72. Algiers Seville
73. Oklawaha
74. Sour 2
" 75. Bigardier
76. Florida Bitter Sweet
77. Paraguay sour
78. Rehoboth Palestine
79. Spain sour
80. Tunis sour
81. Dummett Bitter Sweet
82. Dummett sour
83. Egyptian sour
85. Bitter Sweet Stow selec-
tion

N R o s ok o SO o o
+ FHtt bttt
e e Tk i
FH4+t+4++ TS

|

+
+
I

Citrus grandis (L.) Osbeck
Pummelos and shaddocks

86. Ogami pummelo

87. Thong Dee pummelo
88. Siamese pummelo
89. Nakorn pummelo
90. Cuban shaddock

111. Tau Yau pummelo
(C. E. S. 2583)

113. Flemmings shaddock
(C. E. S.578)

114. Hawaiian shaddock
(C. E. S. 454)

++

+ + ++++++
+ + +++++4+
+ 1+l

Citrus paradisi
Grapefruits

91. Leonardy

92. Foster

93. Duncan

102. Poorman’s orange

++
++
+
+

Citrus longispina
125. C. E. S. 754
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Poncirus trifoliata (L.) . . “
Raf.

9. Trifoliata (Large
flowered)

Poncirus trifoliata x C.
sinensis
Citranges
22, Savage -
27. Saunders — —

28. Troyer - N
24. Rusk : -

+
o

Poncirus trifoliata x
Citrus paradisi
Citrumelos

9. Citrumelo P1 4477 - — I
15. Citrumelo PI 4475 — — — — — —
198. Winterhaven citrumelo — — — —

Citrange x Citrus sinensis
18. Citrangor PI 42681 +

Fortunella hybrid .
100. Nippon kumgquat + + + +

Unclassified
104. Natsu Mikan ? ? ? ? P +

1 Nursery test plantings established in August 1947, budded in Janu-
ary and February, 1948. Barao B sweet orange buds were obtained from
apparently healthy but virus-infected orchard trees. Barao A and Valencia
sweet orange and Leonardy and Duncan grapefruit buds were obtained
from virus-free seedlings. All apparently healthy plants were inoculated
with viruliferous aphids in April and May 1948 and reinoculated in July
and August. In above table positive tristeza symptoms indicated by +,
negative by —, and questionable symptoms by a ?. Results are based
on readings taken through August, 1948.
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Mandarins, Tangerines and Hybrids:—The growth of Barao and
Valencia sweet orange tops and the Leonardy and Duncan grapefruit tops
over the seventeen varieties of mandarins and tangerines tested has been
apparently healthy as noted in table 1. At the same time it can be seen
that all of the varieties of mandarins, tangerines and hybrids listed in
this group and tested as tops over sour orange rootstocks have: been
found to show definite symptoms of tristeza disease. o

Tangelos:—In the case of the first nine varieties of tangelos. listed
in table 1, all the sweet orange and grapefruit tops tested over these
varieties as rootstocks have to date developed apparently healthy growth,
In contrast to this the sweet orange and grapefruit tops so far tested
over the Thornton, Watt, Pina, and Tangelo 52018-W-2F as rootstocks,
have shown tristeza disease symptoms. R -

>=Omnrm$:mm~0w8m8m8mmwmmmSvmo<mnmo:~o;smm nooﬁmﬁ.oﬁa
have shown tristeza disease symptoms. , —

Tangor:— Only one tangor has been tested and this only as a top
over sour orange rootstock in which instance it was found to show def-
inite symptoms of tristeza disease. . A

Sour and Bittersweet Oranges:— The sweet oranges Barao and Val-
encia, and the grapefruits Leonardy and Duncan, as tops over fifteen
sour orange varieties as rootstocks, have shown tristeza disease symptons.
On the other hand, all of these fifteen varieties of sour oranges, as tops
over other sour oranges as roostocks, have developed apparently healthy
growth. ,

Pummelos and Shaddocks:— The sweet orange and grapetruits test-
ed as tops over the eight varieties of pummelos and shaddocks listed; have
shown symptoms of tristeza disease.

These eight varieties when developed as tops over sour orange
rootstocks have shown some variations in their reactions. The Nakom
pummelo, Cuban shaddock, and Flemming’s shaddocks have shown
definite disease symptoms. In the case of other varieties it would seem
desirable to await further developments in the current tests before mak-
ing a definite classification as to their reactions. :

. Grapefruits:— At the present time we can report on only four va-
rieties in the grapefruit group but additional varieties are being grown
for subsequent testing. Of the varieties tested the reactions of the
Leonardy and the Duncan are of particular interest because they have
been used as tops over a large number of other citrus varieties as root-
stocks and thus it has been possible to compare and note some differences
in their reactions. In general, over non-tolerant rootstocks such as our
orange, the symptoms of tristeza have been more striking and have
appeared sooner on the Leonardy grapefruit tops than on the Duncan
grapefruit tops. In contrast when these grapefruits were used as root-
stocks the tristeza disease symptoms were more distinct and appeared
sooner on the sweet orange tops over Duncan than on comparable tops
over the Leonardy variety. These differences in reactions may eventually
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lead to a better understanding of the tristeza virus in relation to host
responses. .

The Poorman’s orange has been included in the grapefruit group
because it is said to be a grapefruit, and is sometimes called New
Zealand Grapefruit, or Indian Pomelo!. Certainly its reactions to the
tristeza virus would indicate that it is closer to the grapefruit than it
is to the sweet orange group. This perhaps illustrates the imporance of
genetic and physiological differences that may play an important part
in plant variety responses to the tristeza disease.

Citrus longispina:— The Barao sweet orange tops over Citrus
longispina as a rotstock show only indistinct or mild symptoms that may
or may not develop later into typical tristeza symptoms. This variety has
been included in this report because it is an odd variety and the sym-
toms of tristeza on Citrus longispina tops over sour orange rootstocks are
definite.

Poncirus trifoliata and Hybrids:— As a whole the growth of Pon-
cirus and the hybrids of Poncirus in Campinas has been comparatively
slow, thus the tests of the varieties in these groups has been somewhat
retarded. As shown on table 1, the growth through 1948, of the sweet
orange and grapefruit tops over P. trifoliata has remained apparently
healthy. Likewise the growth of P. trifoliata over sour orange as a
rootstock has remained apparently healthy. Also the growth of the sweet
orange and grapefruit tops over the citranges and citrumelos in the com-
binations as noted in table 1 have remained apparently healthy. In con-
trast to this apparently healthy growth is the development of tristeza
disease symptoms on the Saunders and Rusk citranges and on Citrangor
PI 42681 when these varieties are grown as tops over sour rootstocks.
The plant reactions in this group are being followed with considerable
interest and although it is too early to reach definite conclusions it seems
likely that some may prove to be satisfactory rootstocks at least as
measured by the apparently healthy development of sweet orange tops
in the presence of the tristeza disease.

Fortunella Hybrid:— The Barao and Valencia sweet orange, and
the Duncan grapefruit tops over Nippon as a rootstock have shown early
and severe symptoms of the tristeza disease. It may be said that the
disease symptoms have even been more striking over Nippon than they
have been over some of the sour orange rootstocks.

Unclassified:— The citrus variety received under the name Natsu
Mikan has developed definite symptoms of tristeza when budded and
grown as a top over sour orange rootstocks. When Natsu Mikam was
used in the tests as a stock for the Barao and Valencia sweet orange
and the Leonardy and Duncan grapefruits tops, the development of
questionable mild disease symptoms followed. The further development
of symptoms or recovery will be followed with interest.

1_Swingle, W. T. Botany of Citrus. In Webber and Batchelor, The Cit-
rus Industry. California University Press, 1943.
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DISCUSSION

Although the tristeza disease of citrus and the “quick decline” of
sweet orange trees may not be exactly the same, their similarities and
potential importance are such that citrus growers are justified in ex-
pressing great concern and in having special interest in the tests that
are being carried out cooperatively by the Instituto Agronomico de Sao
Paulo and the United States Department of Agriculture, Division of
Fruit and Vegetable Crops and Diseases, at Campinas, Brazil. It is the
purpose of this discussion to: point out some aspects of the current in-
vestigations that should be of interest and value to the citrus growers and
to other scientific workers that may be concerned with studies of tristeza
or a similar virus disease of citrus.

With respect to efficiency in the methods employed in the testing
of citrus varieties as rootstocks, it was found that results were obtained
in a relatively short time (3 — 5 months from date of budding) when
buds from a virus-infected but apparently healthy sweet orange tree
were employed. When buds from virus-free seedlings were employed it
was considered desirable to wait for the development of one flush of
growth before inoculating with viruliferous aphids. This prolonged the
time required to obtain results (5 months and more from date of budding)
and involved the additional work of collecting aphids and making the
inoculations.

By using both viruliferous and non-viruliferous buds of the Barao
sweet orange it was hoped that we might observe some early reactions
on some specific stock-scion combination that could serve as a rapid
and accurate diagnosis of the presence or absence of the tristeza virus.
Careful records were taken of the budding success and at first it was
thought there were certain stocks that might possibly serve as tsst plants
because of the poor take of viruliferous buds. However, repeated test
buddings indicated that the budding success or failure was due to other
factors and could not be directly related to the presence or absence of
virus in the buds used.

In the present tests it was observed that the first flush of growth
from viruliferous sweet orange buds even over sour orange rootstocks,
was usually apparently healthy. In fact early growth records on the
development of these viruliferous buds indicated that the sour orange
rootstocks were particularly good stocks for the Barao sweet orange.
However, this advantage in growth of the sweet orange top over sour
orange rootstocks came to an abrupt halt when the symptoms of the
tristeza disease appeared.

The experience gained, however, in the use of viruliferous buds in
the stock tests indicates that in areas where the tristeza disease occurs
a grower could use infected buds to establish a new orchard provided
he used tolerant rootstocks such as found in the sweet orange and
mandarin groups. This knowledge is of value especially in areas where
the disease is prevalent and to growers who have a particular vari-
ety of sweet orange that they wish to continue producing. Under tristeza

—123—




disease conditions the securing or developing of a source, of virus-free
buds would be expensive and fortunately this would not ‘appear to be

necessary.

It is important to realize that sweet oranges can be definite carriers
of the tristeza virus and where the disease occurs it may be expected
that sooner or later all the sweet orange tops in an orchard may be-
come infected. Once the tristeza virus has become established in an
area its eradication would be extremely difficult if not impossible. The
only solution to the problem at present rests on the basis of using tolerant
rootstocks over which sweet oranges may develop in an apparently
healthy condition in spite of virus infection. On the basis of this con-
cept an analysis of the general reactions to date by citrus groups
should be of interest. It should help to indicate which groups are most
likely to furnish varieties or hybrids that could serve as tolerant root-
stocks over which sweet oranges and grapefruits could develop in spite
of tristeza virus infection. .

In the following attempt to analyze the reactions of citrus groups
to the tristeza virus the reactions secured in both Stock and Sour tests
have been used because they afford two means of measuring and com-
paring the citrus variety responses.

Only four lemon varieties were included in the first group of plant
material tested but it is of interest that in the Stock test results reported
in table 1, it can be seen that two of the lemon varieties have been found
to be tolerant rootstocks and two have been found to be non-tolerant
stocks. Unfortunately, the testing of these varieties over sour orange
rootstocks has not been completed. It is, however worthy of note that the
Columbia sweet lemon has shown definite tristeza symptoms over sout
orange as a rootstock. This is not the type of reaction expected of true
lemons such as Eureka, for in orchards the Eureka lemon has been ob-
served to develop well over sour orange roostock even in areas where
tristeza disease is prevalent. The finding of distinctly different types
of reactions in the presently tested lemon varieties suggests that these
varieties differ appreciably. It may be that a more detailed knowledge
of their genetic origin would help to clarify these differences. In any
event, the testing of additional lemon varieties appears to be desirable
and is being carried on.

The consistent reaction of the sweet orange and mandarin varieties
tested is of special interest and importance. So far in the Stock tests
all varieties have been found to be tolerant rootstocks while in the Sour
test all have been found to show tristeza symptoms over sour orange
rootstocks. If there are any sweet oranges or mandarins found that do
not in subsequent tests show disease symptoms over sour orange root-
stocks they would then be interesting and important exceptions.

The testing of the pummelos, shaddocks and grapefruits is not yet
completed but the results to date in the stock test show that none
of the varieties tested could be considered as satisfactory stocks for
either sweet oranges or grapefruits under tristeza conditions. The fact

—124—

that many of these varieties have also shown tristeza disease when
developed as scions over sour orange rootstocks and that they are non-
tolerant as rootstocks for sweet orange helps to distinguish them as
having reactions distinctly different from those encountered in the
Lemon group or in the sweet orange and mandarin group and is also
different from that encountered in the tests of sour orange varieties. Again
it should be noted that the tests especially the Sour tests are not yet
completed for the pummelo and shaddock varieties so that final judge-
ment of varietal reactions cannot be made except where positive disease
symptoms have been observed. It would seem, however, that the finding
of tolerant rootstocks among the pummelos, shaddock or grapefruits
would not be as likely as in the mandarin, sweet orange, or lemon groups.

Having in mind the general reactions observed to occur in the
mandarin group which has yielded tolerant rootstocks and in the grape-
fruit group which has given non-tolerant rootstocks, it is of interest to
observe the results secured from the testing of a number of tangelos.
Certain of the tangelos appear to follow the reactions characteristic of
the one parent, Citrus paradisi ( grapefruit), and show distinct symptoms
of tristeza when used as a stock for sweet orange. In contrast other tan-
gelos appear to follow the reaction of the other parent, Citrus reticulata
(mandarin), and to date have served as good stocks for sweet orange
in spite of inoculations and even in the case where viruliferous Barao B
buds were used. In comparison with these two types of reaction in the
Stock test, all tangelos tested to date as scions over sour orange root-
stocks have shown tristeza disease symptoms.

~ From the discussion above and from data presented in table I
it can be seen that there are several types of related reactions when the
results of the Stock and Sour tests are compared. These comparative re-
actions may be outlined as follows:

Stock Test Sour Test
As rootstocks for sweet As scions over sour
orange and grapefruit orange rootstocks

General botanical
group

Symptoms Symptoms

Sweet oranges -
Mandarine —
Some lemons
Some tangelos

|
+4+++

|

Sour Oranges

Grapefruits
Some pummelos
Some shaddocks
Some tangelos

+++++
+4++

Poncirus trifoliata

The above outline is admittedly incomplete but it does offer a
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framework on which to differentiate the comparative reactions and as
the studies progress more specific data will be ovS.m:om dnd it seems
entirely possible that we will find some citrus varieties that may show
symptoms of tristeza even as unbudded seedlings.

On the basis then of the results secured up to the present time it
would seemn that the continued testing of mandarins, lemons, tangelos
and trifoliate orange as rootstocks for sweet orange and grapetruits is
definitely worth while. In addition, the securing of distinct reactions
in hybrids such as the tangelos and as indicated by the early results
in the Poncirus hybrids strongly suggests the desirability of securing
or making crosses between mandarins and sour oranges and between
sweet oranges and sour oranges. It might then be possible to find a hy-
brid that would combine the desirable characters of the sour orange.
such as its resistane to gummosis and foot rot, with the desirable toler-
ance to the tristeza virus. The careful development of such crosses and
their subseuent testing appears to be very much worth while.

The results presented in this progress report indicate that when
the tristeza virus enters and spreads in an area one may expect that
practically all commercial varieties of citrus over sour orange rootstocks,
with exception of certain lemons, will sooner or later become diseased.
At the same time however the results obtained indicate that the com-
mercial citrus varieties over sweet orange and mandarin, and probably
over some hybrids, may not suffer even though they become infected
with the tristeza virus. As the work in the Stock and Sour Tests here in
Campinas progresses and as additional observations and data are ob-
tained they will be presented in subsequent reports. It is also a part
of the definite plan of the Instituto Agronomico to transplant the tolerant
stock-scion combinations to the orchard where their development and
behavior with respect to tristeza can be followed over a longer period
of time and where their resistance to other diseases and their suitability
for culture in Brazil can be studied.

SUMMARY

The methods and procedures employed in the establishment of the
Citrus Stock Test and the Sour Test are briefly described. Data are given
on the presence, or absence, or questionable occurrence of tristeza dis-
ease symptoms on 345 citrus stock-scion combinations following inocula-
tion with the tristeza virus.

The sweet orange and mandarin and tangerine varieties tested have
to date proved to be tristeza-tolerant rootstocks for the various sweet
orange and grapefruit varieties employed as tops even though the plants
have been inoculated and are carriers of the tristeza virus.

Results from the present tests show that none of the fifteen varieties
of sour orange tested could be considered as a satisfactory rootstock un-
der tristeza disease conditions. Likewise it is indicated that the grape-
fruits, shaddocks, pummelos and some lemons, some tangelos, and the
kumquat hybrid tested would not be satisfactory rootstocks for sweet

—126—

oranges or grapefruits when subject to tristeza virus infection.

) The distinctly different reactions obtained in tests with the iemon
varieties and especially with the tangelo varieties and early results in
the Poncirus and Poncirus hybrid groups indicate the desirability of in-
cluding in the tests known hybrid crosses especially between mandarin
and sour orange and between sweet and sour orange.

) A..vm current tests are being continued and expanded to include other
varieties and at the Instituto Agronomico it is planned to transplant the
noonm»oo_?m..u_.os combinations that show tolerance to the tristeza virus
to large field m_wbn.bmm where their subsequent development can be
followed and where their resistance to other disease and their adaptabil-
ity to local conditions can be studied.

SOME “COLD” FACTS

The report oM ~.rm Rio Grande Horticulture Club Freeze Commit-
tee, on page 174, is included in the 1948 PROCEEDINGS, even though
the freeze occurred several week after the Institute. The subject is

certainly of interest to everybody who has anything to do with citrus in
the Valley.

_ If any one thing was learned from the freeze it is that the bank-
ing of young trees is a good “insurance” investment. Many thousands
of young (1 to 3 year old) non-banked trees were killed. Many
thousands of banked trees were saved; and two years from now their
appearance will hardly show that there was a freeze.

Brownsville Weather Bureau records over a period of ab

: 2 s t 30
years show for the mid - Valley section ;_Q.nmmmw ) that zEM%mS%
dates of the last killing frost in the spring is January 29; and of the first
killing frost in the winter, December 19. This leaves an average length
@m mw..oin_:m mmm_m._o: for ?oﬁ#m:am_. plants of 329 days. The earliest kill-
ing frost over the same period was November 15, 1940; the latest killi
frost on the record was March 30, 1930. ¢ the latest killing



A Progress Report For 1948 on the
Texas Citrus Rootstock Investigation’

By
wiLtiam C. COOPER, Physiologist, Division of Fruit and
Vegetable Crops and Diseases, Bureau of Plant Industry,
Soils, and Agricultural Engineering, Agricultural Research
Administration, U. S. Department of Agriculture.

illiam C. Cooper received his B. S. in Horticulture at the Uni-
%Mnmw@ of gmnwwmsa in 1929. He received his Ph. D in Plant -
Physiology at the California Institute of Technology in 1938.
He has worked in Citrus research for the Bureau of Flant In-
dustry of the U. 8. Department of Agriculture miow 1929 and hase
had experience in all three of the citrus growing .m::mm. .mm
worked actively on citrus rootstock investigations In Florida
from 1937 to 1946 before coming to Texas in 1946 to conduct cit-
rus rootstock studies.

The problem of finding suitable rootstocks for citrus in the Rio
Grande Valley to replace the tristeza—susceptible sour orange root-
stock was started in September, 1946. The work was initiated and is
being continued as a cooperative project between the Texas Agricultural
Experiment Station and the U. S. Department of Agriculture. A pre-
liminary report on these investigations for the year 1947 was given at
the Rio Grande Valley Citrus Institute last year (Cooper and White-
1947). The present paper reports progress made during 1948.

1The work was supported in part by grants to the Texas Agri-
cultural Experiment Station by the Texas Citrus Advisory Council at
Weslaco, Texas, and by Rio Farms, Inc., at Edcouch, Texas. The in-
vestigations were further aided by assistance from Engelman Products
Company at Elsa, Texas, Ray Goodwin and Son at Mission, Texas, Ben
Chambers at Harlingen, Texas, and Rio Farms, Inc. in providing general
care of the grower-cooperative nurseries at those respective locations.
Rio Farms, Inc., also provided materials, labor, and technical assistance
for certain phases of the salt tolerance tests which are located at Rio

Farms.

In addition to the above, the U. S. Regional Salinity and Rubidoux
Laboratories at Riverside, California, have furthered the salt tolerance
work with many valuable suggestions, and by making chemical analysis
of the leaves from these plots for sodium, chloride and boron.

The writer wishes, in particular, to express his appreciation to
the following who have rendered valuable assistance in these investi-
gations: Dr. H. E. Hayward; Dr. C. H. Wadleigh; L. V. Wilcox, J. T.
Hatcher, J. W. Brown, Dr. F. E. Gardner, E. M. Savage, Dr. Walter
Reuther, W. R. Cowley, Cordell Edwards, Robert Corns, W. G. Godbey,
F. M. Reising, and Eugene Goodwin.
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SALT TOLERANCE HMm.Hm
Rootstock-Scion Combinations

Salt tolerance trials were made with the following plant materials:
Cleopatra Mandarin seedling

Sour orange seedling

Red Blush Grapefruit on Cleopatra mandarin
Red Blush Grapefruit on sour orange
Valencia orange on Cleopatra mandarin

The Cleopatra stock was started- from seed planted in the spring
of 1945. The seedlings were lined out in the nursery in April, 1946.
Some were budded on October 29, 1946, with Red Blush grapefruit;
others were budded on the same date with Valencia orange, and a third
lot was left unbudded. '

The sour orange stock was started from seed planted in thy fall
of 1945. These seedlings were lined out in the nursery in April, 16946,
and part were budded with Red Blush grapefruit at the same time
as were the Cleopatra seedlings. The cleopatra and sour orange seedlings
were of approximately the same size at the time of budding. The Red
Blush grapefruit buds used for both stocks were taken from the same
tree. Co .

All of the above stock-scion combinations and seedlings were dug,
balled, and transplanted to three salt plots on September 15, 1947,
These plots were 15 x 15 feet square. In each plot the trees were plant-
ed in a Latin square design of five rows, three feet apart, with one
tree of each of the five test combinations in each row.

Salt Treatments i

_Two of the plots were salinized by irrigating with canal water to
which salts were added to raise the salt content to 2500 p.p.m.2 (low
salt) and 5000 p.p.m. (high salt), respectively.

The third plot (control) was irrigated with canal water to which
no salt was added. The added salt in each instance was onc-halt cal-
cium chloride (CaCl2) and one-half sodium chloride (NaCl).> At
each irrigation 2 or 3 inches of water were applied to insure wetting
of the soil of the root zone. :

A wooden frame made of 1x6-inch lumber was built around the
plot and 1x6-inch boards were installed upright down the middle of
each tree row, thus separating the plot around 5 impounding basins
of equal size. The canal water was pumped into a 400 gallon tank where
the proper quantity of salts for the entire plot was dissolved in the
water. The salty solution was then conducted by gravity to the picts

2 pp.m. is parts per million and will be referred to as p.p.m.

hereafter.
s Hereafter referred to by these symbols.
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where it was applied to the soil through a slush box, and the same
quantity was applied to each of the five tree-row m:\_uoc.nm:,m.gm:?
This salt plot technique is similar to that used by Wadleigh, Fireman,
and Cooil (1947) in salt tolerance studies on brome grass.

Soil and Water Conditions

The soil in the test plots is classed as Willacy fine sandy loam. The

soil in the main root zone, or surface foot, has a saturation percentage*

of 32, and a field capacity® of 12.2 percent. It is non-calcareous and
the saturated soil has a pH value® of 7.6. The soil is fertile and tree

growth was rapid. No fertilizer was added.

At the beginning of the tests, the free ground water as indicated
by piezomelers” was present at 60 inches below the ground surtace.
Following a 2-inch irrigation, the water table rose to 48 inches. Follow-
ing the irrigation on December 1, 1947, and the one-inch rain 6n Decem-
ber 15, the water rose in the piezometers to 36 inches from the surtace
of the soil. Samples of ground water removed from these piezometers
showed a salinity measurement of 3060 p.p.m. for each plot.

On April 27, 1948, an 8-inche tile drain was installed on three
sides of the test plot area to a depth of eight feet, connecting with the
main Experiment Station drain 50 feet away. The piezometer reading
just prior to installation of the drains was 65 inches. It dropped to 73
inches during the first week and to 83 inches by May 24, 1947, where
it leveled off. Irrigation and rains had no further influence on the
water-table of the plots during the course of these experiments.

Salinity Measurements

The salinity appraisals of water and soil in these experiments were
made by procedures recommended and described in the U. §. Regionnal
Salinity Laboratory treatise (1947). Salinity was measured® by de-
termining the electrical conductivity (EC), which will be expressed

« The moisture content of a sample of soil that has been brought
to saturation by adding water while stirring. (U. S. Regional Salinity
laboratory treatise (1947).

s Estimated from drainage curves which were plotted from data
obtained by sampling the soil at 2-day intervals for 14 days after the
soil was thoroughly wetted. The surface soil was protected from evapor-
ation by a surface covering of canvas.

¢ Symbol used in expressing both acidity and alkalinity. pH Read-
ings above 7.0 indicate alkalinity and below 7.0 indicate acidity.

» Counsists of Ve-inch pipe installed in the ground. (for details
see U. S. Regional Salinity Lab. Treatise, 1947).

e The tile was made and this drain was installed by the F. M.
Reising Corporation, Edinburg, Texas, as a gift to the project.

s The instruments used consisted of a Wheatstorie bridge (Solu-
bridge soil tester, model RD-26), and a 2 ml.-capacity pipette-type con-
ductivity cell. The bridge carries a temperature correction dial.

—130—

as :.._.Egroms per cm. To convert these values for irrigation water to
the approximate p.p.m. of salt it is necessary to multiply them by 600.
,E:_mu a 4.1 millimhos/cm. reading (as found in the irrigation water
applied to the low-salt plot on 12-23-47, table I) indicates approximately
2500 p.p.m., while a 8.2 reading (see figures near this value for irriga-
tion of high-salt plot) indicates approximately 5000 p.p.m.

Soil samples were taken of the surface foot of each tree row about
a .<<mm__n or 10 days Mo:oémsm each irrigation. The five samples were
Biwm.m:& a composite sample of about 200 grams was taken for soil
analysis.

The soil was 37&..5& in the laboratory, ground and made up to a
saturated paste by adding distilled water while stirring with a spatula.
One .m_E:on of about 25 grams was taken for pH determination and an-
wz:w of M:uw:w the same quantity for moisture determination. The mois-
ure content in percentage on dry-weight basis is the “satur:
centage” shown in table 1. ’ ¢ ¢ “satuated per-

The remainder of the saturated paste was extracted ing
mmn:—.mwon .moz in a Buchner funnel mwa applying msoao:.v%rm_wo_“wﬂwmwm
oo.:@:onsq of the extract was determined. This value expressed in
B_:::rom\. cm. is the electrical conductivity of the saturated extract, and
is shown in table 2 as ECe. The ECe values for the soil of Za;zw ree
plots are given in the same line as the EC data for irrigation water that
was applied a week or ten days previously. e

10 i . .
The standard unit for electrical conductivity, mho per centi-

meter, is inconveniently large for soil salinity g i
2 ) work. Accordingly a uni
one-thousandth as large is used, designated millimho/cm. By 2 umt
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TABLE 1 o
WATER AND SOIL DATA ON SALT TOLERANCE PLOTS

Irrigation Water Scil
illi = il tion
Date EC. millimhos|2Ce. millimhos| Satura
Applied Inches per c¢m. per cm. pH Percentage

Con- Low High Con- Low High Con- Low HighCon- Low High
trol Salt Salt trol Salt Salt trol Salt Salt trol Salt Salt

T
11- 7-47 0 ——— _ 13 o098 08 175 — — 33 35 —
111147 2 09 30 70 12 17 50— — 7 33 33 30
15147 2 06 37 70 08 22 81 — ~— — o o g
191547 1% o0 0 o0 08 22 37 78 76 1.1 30 28 28
12.03.47 2 08 41 80 14 28 40 77 75 7.4 28 27 33
1-22-48 2 > 40 80 12 38 48 77 76 75 28 30 29
4 648 3 14 38 80 17 27 51 79 75 7.4 30 27 28
s 548 3 13 48 90 — 21 65 75 76 75 30 32 32
2448 3% 0 0 0 16 40 70 — o~ — — —
6-1.48 3 11 47 80 — — — 17715 76 — — —
60148 3 12 40 90 20 30 70 77 76 76 29 26 30
mg4g 3 10 47 80 — — — — — —
5. 548 3 10 45 85 15 43 70 78 72 74 30 28 30
o.348 4* © 0 0 — — — — — — — — —
91048 4% 0 0 0 — — — — — — o -
91848 4% 0 0 0 14 14 17 — 7878 24 29 28
jo.i248 2% 0 0 0 — — — — — — — — —
10-14.48 3 06 40 85 — — — — ~— — — —
lo.16.48 2* ©0 o0 0 11 07 06 77 77 78 25 22 25
103048 3 08 40 9.0 13 23 28 75 75 76 — — —

# Indicates inches of rainfall to which no salt was added. All other water
was Rio Grande river water to which salts (one half CaCl2 and one half
NaCl) were added in case of plots labeled low salt and high salt. The control
plot received river water without added salt.

Salinity Conditions

Rain greatly interfered with maintaining uniform salinity levels in
the plots. Rain comes in the Rio Grande Valley at any time, there being
no pronounced regular rainy season. During the test period it rained 7
times.

Tensiometer cups,}’ set to read cup tension in centimeters of
mercury, were installed at a depth of 6 inches in the control plot to use
as a guide for time of irrigation. During dry periods in the spring and
summer, the mercury in the manometer frequently rose to 700 cms. of
mercury within 3 weeks after an irrigation, and the plots were irrigated
with this tensiometer reading as a guide. However, rains changed this
irrigation regime, and further complicated the salinity conditions, by
washing out the salt in the surface foot of the plots. Therefore, in order
to reestablish salinity levels, it was necessary to irrigate with salty

1 A porous cup filled with water and connected by a tube with
a mercury manometer to measure tension of water in unsaturated soil.
Details on construction and operation are described by Richards (1942).
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water several days after a rain, even though the tensiometer reading was
Mwnw.. m‘_.u:mzva the raising came so frequently in September and October

at is became necessary to temporarily discontinue attempti ain-
tain the desired salinity levels. pring fo main

The period of maintaining the desired salinity levels was fur

. as furthe
shortened in m.:w early phases of the tests by failure to apply mcmmommbﬂ
salt and by rainfall to which no salt was added. The actual period of

%MMM@L salinity control was from December 23, 1947, to September 8,

It was not known what effect the salt treatments would have
on @E and saturation percentage of this soil. The data shown in table
1 indicate no effect of the treatments on these values. The pH readings
were practically the same for all three plots for all times of the year
There was no material difference in the saturation percentages of the
ﬁ:.mm plots, but the values appeared to drop for all three plots follow-
ing the 16 inches of rain in September and October.

Sequence of Development of Foliage Symptoms
The weather was generally cold during January and February, and
there was very little growth on any trees in any of the plots mwism
those months. Spring growth started in early March on all trees in all
plots. On April 6 no difference was noted in the size or appearance of
the trees on the three plots. The foliage was green in all instances. The

_appearance of the trees at this date is shown in figure 1.

Hot weather prevailed during the month of Apri
‘ pril. May 1, 2, 8, 4,
and 5 were extremely hot and dry, and on May 4, the ?.Wﬁ symptoms

Figure 1. View of salt tolerance plois on April 6, 1948. Control
(no-added-salt plot) in foreground. At right large
tank used for mixing salt and water.
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of salt damage in the high-salt plot were observed. The air temperature
during the day rose to 102° F. The tensiometer showed a reading of 730
on May 4. Soil samples taken of the surface foot on May 4 showed
moisture percentages of 6.12% for the no-salt-added plot, 6.7% for the
low-salt plot, and 5.96% for the high-salt plot. The wilting point for the
soil has not been determined, but it is suspected that this value is near
6% for the control plot.

The ECe of the soil collected on this date, May 4, 1948, was 1.7
millimhos per c¢m. for the control plot, 2.7 for the low-salt, and 5.1 for the
high-salt plots. These conductivity readings adjusted to the observed soil
moisture percentages in the plots (6.12, 6.72 and 5.96%) give calcu-
lated values of 8.3, 12.4, and 25.5 millimhos per cm. respectively. The
last figure multiplied by 700'2 would give a calculated value of 17,850
p.p-m. salt in the soil solution of the high-salt plot on May 4, 1948.

The first tree to show salt damage was one of the five Red Blush
grapefruit on sour orange stock in the high-salt plot. Only the older
leaves, approximately 6 months old, were affected. These showed an
interveinal bronzing on the upper side of the leaf which has all the ap-
pearance of sun burn. There was a collapse in the bronzed tissue on
some of the leaves, and in others there was a necrosis of the collapsed
area. These necrotic areas sometimes occurred between the veins half-
way between midrib and margin, but most often occurred along the
apex of the leaf.

A picture of this tree, taken on May 10, 1948, is given in figure 2.
The necrotic leaf margins and leaf-tips are seen. The Red Blush grape-
fruit on Cleopatra stock showed no symptoms of salt damage at that
time (see figure 3).

The plots were irrigated on May 5, and hot weather continued until
May 24, when it rained. At this time, four out of five of the Red Blush
on sour and all five of the sour orange seedlings in the high-salt plot
were showing leaf symptoms of apparent salt damage, while there were
no symptoms on Cleopatra seedlings, Red Blush on Cleopatra and Va-
lencia on Cleopatra in the high-salt plot or on any stock-scion combi-
nation in the low-salt and control plots.

1z Conversion factor given in U. S. Regional Salinity Laboratory
treatise (1947), for soil extracts in the range of 2 to 50 millimhos per
em. This conversion factor for soil extracts differs from the 600 factor
given for irrigation water.
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Figure 2. Picture taken on May 10, 1948, of Red Blush grape-

Figure 3.

.»u:w». on sour orange rootstock (tree number 24 DA4)
in high-salt plot, showing necrosis of margins and
of leaves. :

Picture taken on May 10, 1948, of Red Blush

b ) . ape-
fruit on Cleo rootstock (tree number 24 C4) mumwm%h-
salt plot. No symptoms of salt-excess damage to
leaves was apparent.
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, of the leaves had fallen on the Red Blush on sour
oE:MW wﬁmw wm, %Msmwmom.mw: plot and they put on a weak, spindling ,ﬁmi
flush of growth (see figure 4) which developed symptoms m:mmavg .Hm
zinc deficiency. In the same plot, Red m._:mr on Cleopatra continue
show no symptoms of salt excess (see figure 5).

Boron Complication

une 21, a boron analysis'> was made of the irrigation water
5»&&“ Wrw three plots and it was found to contain o.wmow.w._:. for m:m
no-salt-added plot, 1.1 p.p.m. for the low-salt plot, and 2.68 p.p.m. for
the high-salt-plot. .

An analysis of the salts showed that the boron occurred as an 5__-
purity on the CaCl2. Following this discovery the contaminated OwO. 2
was discarded and a boron-free supply was purchased and used in its
place.

The high boron content of the irrigation iwgn.:mmm on the high-
salt plot prior to June 2, however, raised the question of whether the
leaf symptoms occurring on Red Blush on sour and on sour seedling were
not due in part to boron excess. Boron is many times more toxic than
chlorides and Kelley and Brown (1928) have mdoém that only a few
parts per million of boron in irrigation water s.;: kill citrus trees. In
contrast, as shown in the low-salt plot, trees irrigated with water con-
taining 2500 p.p.m. of mixed NaCl and CaCl2 caused no injury.

'» Analysis made by W. G. Godby, Agricultural Consultant Lab-
oratories.

Figure 4. Picture taken on June 3, 1948, on.umao tree, n.a D4,
- as in figure 2. Note that the plant is badly defoliated.
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Figure 5. Picture taken on June 3, 1948, of same iree, 24 C4,
as in figure 3. No apparent symptoms of salt-excess
injury fo leaves.

The symptoms of injury observed on the Red Blush grapefruit
leaves of the high-salt plot however, are not typically those reported in
descriptions of boron excess. Numerous workers (Haas, (1929), Eaton
(1935), and Camp and Fudge (1939)) describe boron-excess foliage
symptoms as a pronounced yellowing or mottling between the veins at
the tip of the leaf, which increases until half or more of the leaf is in-
volved. The mottling extends down along the edges of the leaf with green
color persisting along the base of the midrib in the form of an inverted
V. As the leaves increase in age, the yellow portion takes on an orange
color and develops tip-burn. Older leaves are usually the first affected.

The injured leaves on the salt plots, as of June 2, did not show the
yellowing and mottled effect at the tip. The bronzing observed looked
exactly like sun-burn. Collapse of tissue and necrosis followed no regu-
lar pattern, but, although sometimes occurring at the tip, just as often
occurred along the margin of the side of the leaf or between the veins
halfway between the midrib and the margin. Also the collapse of tissue
following bronzing, but preceding necrosis, occasionally looked like
the effect of scalding with boiling water.

Boron and Salt Content of Leaves

Kelley and Brown (1928) have shown that boron, although occur-
ring as only a few parts per million in the soil solution, will accumulate
within the leaves of citrus in comparatively high concentrations. They
found the boron content of normal orange leaves to be around 50 p.p.m.,
while the content of injured leaves ranged from 756 to 1679 p.p.m. With
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lemons, normal leaves averaged 30 p.p.m. and injured leaves ranged from
266 to 839. No data were given for grapefruit leaves.

In order to determine both the boron and salt status of the leaves
from the salt plots, mature leaves, approximately 9 months old, were
collected without regard to leaf symptoms from each tree in the cen-
ter row (which includes a tree of each stock-scion combination) of each
plot, and were sent to the U. S. Regional Salinity and Rubidoux Labora-
tories for determination of sodium, chloride and boron. The results are

shown in table 2.

It is seen from these data that the boron content of the leaves in
the high-salt plot was not significantly higher than that of the leaves
of the other two plots. In most instances, the boron content was below
100 p.p.m. and is considered not far from what is typical of norma!l
healthy leaves. It is significant that the boron content of the leaves of
grapefruit on Cleopatra, which showed no leaf symptoms, was higher
than that of Red Blush on sour orange, which showed leaf burn. At the
same time, in the high-salt plots, the chloride concentration was three
times as high in the leaves of Red Blush on sour orange which showed
leaf-burn, as that in leaves of Red Blush on Cleopatra in the same plot,
which did not show leaf burning. Sour seedling leaves in the high-
salt plot also showed high chloride content and showed leaf-burn. There-
fore, these data associate the foliage symptoms of Red Blush on sour
orange in the high-salt plots as of June 18, 1948, with chloride excess

and not with boron excess.

Hayward, Cooil, and Brown (1947) have conducted salt tolerance
studies with Marsh grapefruit cuttings grown in artifically salinized nu-
trient sand cultures. They found grapefruit intolerant of a culture solu-
tion containing either NaCl or CaCI2 at a level of 5 millimhos per cm.
There was leat-burn followed by abscission of leaves. The chloride con-
centration on the leaves was 1.7 m. e. per 100 grams for the control; 12.5
for the 5-millimhos NaCl culture; and 42.2 for the 5-millimhos CaCl2
culture. This is in line with results in the tests described in this paper for
irrigation with half NaCl and half CaCl2. Red Blush on Cleopatra leaves
with a chloride accumulation of 24.9 m.e. per 100 grams, on June 18,
showed no leaf-burn, while grapefruit on sour, with 74.8 m.e. per 100
grams, showed severe leat-burn.

Continued Sequence of Development of Foliage Symptomns

The period of July 25 to August 1, was another extremely hot dry
spell and bronzing and necrosis developed on the leaves of the fifth tree
of Red Blush on sour and on three of the Red Blush on Cleopatra in
the high-salt plot. At this time the Red Blush on sour trees that had
showed leaf-burning earlier were now completely defoliated. During
the following week leaf-burn on these trees became more apparent; at
the same time, no leaf symptoms were observed on Cleopatra seedlings
and Valencia on Cleopatra in the high-salt plot. Bronzing occurred to a
limited extent on the leaves of all five grapefruit on sour and on two
Red Blush on Cleopatra in the low-salt plot, but no necrosis followed
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and the bronzing disappeared as the weather moderated.

The September and October rains cau i i

af'e . . . . mom m. "

waaro_& salinization of the plots. During this mm:.wamaw MMMMV% omuso ﬁmmw%_.vw
E_smmmm Red Blush on sour orange trees made a partial recovery; but

as ~m~.m as December 4, 1948, they were still in very poor shape and had

mwovm@wmmﬂi _mw<nmm ﬂ%mmv\ mmi»nmmm leaves and many of the branches

ownwar igure rat th i i i
Blocb e, Cramard (8 MM& 5 _Jv rather than standing upright as in Red

On October 4, irregular areas of yellow-orange col
observed between the veins and m_ow\.m the Bﬁm ins %MQAM,% »%mewu.hmww
the older leaves of sour seedlings, Cleopatra seedlings, and to a limited
extent on the grapefruit on sour and Red Blush on Cleopatra in the
r.ﬁr-mw: plot. The symptoms were most prominent on sour seedlings (see
figure 8) and were suspected of being the early stages of boron toxicity.

Leaves approximately 12 months old, were collected as before, but

TABLE 2

SODIUM, CHLORIDE, AND BORON CONTENT
OF LEAVES FROM SALT PLOTS®

Scion-stock Combination Control, Low-Salt, High Salt

June 18 June 18 June 18 Oct. 4
Sodium - m.e. /100 gm. dry weight of leaf

Cleopatra seedling 1.0 12 2.0 —

Sour orange seedling 0.2 0.7 0.9 -

Red Blush on Cleopatra 1.7 18 10 —

Red Blush on sour orange 12 1.7 3.5 -

Valencia on Cleopatra trace trace trace -

Chloride - m.e. /100 gm. dry weight of leaf

Cleopatra seedling 16 2.5 13.8

Sour orange seedling 5.6 23.7 38.9 -
Red Blush on Cleopatra 2.4 6.7 219 —
Red Blush on sour orange 46 278 mA.w -
Valencia on Cleopatra 19 5.6 13.7 _

Boron - p.p.m. of dry weight of leaf

Cleopatra seedling 85

Sour orange seedling 73 Wm ww mww
Red Blush on Cleopatra 123 99 119 239
Red Blush on sour orange 76 86 93 Mmm
Valencia on Cleopatra 79 87 95 193

These leaf analyses were made b : ;

y John T. Hatcher and John
W. B i ini i
wm,é“%ﬁwam: Oo% %WM:N.. S. Regional Salinity and Rubidoux Laboratories at
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Red Blush

i 6. Picture taken December 4, 1948, of same

Figure grapefruit on sour iree, (24 D4), as in figure 2. Note
sparse foliage and drooping branches.

Figure 7. Picture taken December 4. 1948, of same won.m Blush
grapefruit on Cleopatra tree. (24 C4) as in figure 3.
Note some loss of older leaves.
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from the high-salt plot only, and were sent to the Salinity Laboratory for
boron analysis. The analysis given in table 2, shows that there was a
100% increase in boron on October 4, as compared with the June 18 col-
lection, and the concentrations in all cases were slightly higher than what
might be considered typical for normal healthy leaves. It is not clear
from the data. whether the foliage symptoms are from boron excess or
not.

Quantitative Growth Responses

The relative growth, as indicated by increase in circumference of
trunk for the period of Nov. 11, 1947, to Sept. 23, 1948, of the various
stock-scion combinations in the three salt plots is shown in table 3. The
data show a highly significant effect of the high salt treatment on re-
tardation of growth. However, the fact that the salt times rootstock-scion
interaction is not quite significant suggests that the five stock-scion com-
binations behave essentially the same with regard to the growth incre-
ment even though striking differences were noted in leaf burning during
this experimental period. The data do indicate that Valencia on Cleopatra
grew more at the high salt level than the other stock-scion combinations
but the statistical analysis shows that this could be due to change alone.

The retardation of growth by salt was confined to the high salt
treatment, there being no significant difference in growth between the
symptoms of salt excess indicates that under the conditions of this ex-
periment irrigation water containing 2500 p.p.m. soluble salts (consist-

Figure 8. Picture of leaves of sour orange seedling on December
4, 1948, in high-salt plot showing mottling at apex.
The mottled area has an orange color.
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ing principally of a 50:50 mixture of NaCl and CaCl2) had no apparent

ill effects on the rootstocks-scion combinations tested.  :

Seedling Tests In Various Parts Of The Valley
As indicated in the 1947 progress report, seedlings of 127 citrus va-
rieties were planted in nurseries at several locations in the Valley. The
seed of these varieties were sent from the U. S. Subtropical Fruit Field
Station at Orlando 4, Florida, and planted in seedbeds at the <m=o.< m«-
periment Station; the seedlings were transplanted to the nurseries In

the fall of 1947.

Planting A was made at Monte Alto, B at Stuart Place, O. at Elsa,
D at Mission and E at Bayview. Nutsery care of these plantings was
done by the owners of the property where the plantings were made.

The transplanting took place in October, 1947, and unusually dry
windy weather, prevailing at that time, caused some loss of plants at
locations A, D and E. The B and C plantings were made under more
favorable weather conditions and all transplants lived.

In the spring of 1948, the Valley suffered a prolonged drought. The
lower end of the Valley was without water for several months, and as a
result, the E planting received no water and had to be abandoned. The
other four plantings were able to receive water by special arrangements
made with the water districts.

The 127 citrus varieties included in these tests are listed in table 2
of the report by Cooper and White (1947). There were not sufficient
seedlings available of some varieties to make plantings at all locations.
Consequently, some were planted at all locations, some at 3, some at 2,

14 The writer is indebted to Dr. F. E. Gardner and Mrs. E. M.
Savage at the Orlando Station for procurement of the seed.

TABLE 3

Average increase in circumference of rootstock-scion
combinations in sali plots between Nov. 11, 1947 to Sept.. 23, 19481

Mean of 3

Rootstock-scion Qo:?& "7 Low Salt High Salt
Combination m.m. m.m. m.m. plots, m.m.2

Cleopatra seedling 39.8 39.6 35.0 38.1
Sour orange seedling 38.4 50.8 37.6 42.7
Red Blush on Cleopatra 40.2 39.6 34.2 38.0
Red Blush on sour 46.0 40.8 33.0 39.9
Valencia on Cleopatra 49.6 50.0 45.8 48.5
Means 4238 444 37.1 -

1 Analysis of these data indicates thzt there was a highly significant
salt and of rootstock-scion on average circumference but the salt x rootstock-
scion interaction was not gquite significant.

> TRootstock-scion means, least significant difference at 5% level 48.
Rootstock-scion means, least significant differences at 1% level 6.2.

3 Qalt treatment means least mwma.&nvﬁ
Salt treatment means, least ,m.wmamnvg ditference at 1% level 48.
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ditference at 5% level 38.

and some at only one. In this report only th arieti
) e. y those varieties grown at tw
or more locations will be considered. & °

An unusually cold winter and a hot, dry, windy spring ret:
growth of the seedlings at all locations until vav\. .HEW iwm m%_cﬂwwmmmw
rapid growth all summer and fall. At locations C and D various types
of nutrient mwmome% and excess symptoms appeared in the leaves dur-
ing the spring and summer. A record of the types of leaf symptoms
by variety and location is given in table 4.

Chlorosis

o The planting at location D was characterized by a high
incidence of chlorosis. The symptoms are as follows: The meso-
wrﬁ_ tissue of the leaf is very light in color and sometimes almost white

ut a fine network of m_.woz veins is present in the background (figure wv,
New leaves are first affected and remain so after maturity. The succeed-
ing cycle of growth in some instances is green and is followed by a
chlorotic cycle. This is particularly noticeable with some of the citranges
on which the oldest leaves show chlorosis; the next cycle of leaves is
green; and a new flush at the top is chlorotic. Other varieties show
chlorotic leaves only in the lowermost flush; others at the tip only; and
in still others (such as sweet orange) all leaves are chlorotic. ’

An inspection of table 4 shows that 29 of the 58 varieti

. ) 2 varieties planted
at location D showed chlorosis. These included all varieties ow sweet
o_.u:mm_v awmm m_mov»m&ma%:ﬂmls and others. The resistant, or consistently
green leaf class included the sour oranges, rough lemon, R ime
Morton citrange, and others. & & » Rangpur lime,

There was no evidence of either boron or salt excess sym
any varieties at location D. The chlorosis was however, momwﬂwﬁmw_%:mw
on some varieties to cause necrotic spots in the leaves and defoliation
(Figure 9). In case of citrumelos no. 4475 and 4451, the Orlando tan-
gelo, and several other varieties, the plants died back from the top. There
were very few plants killed outright from the malady. .

An inspection of the soil data (table 5 and 6) for the planti

. . 5 g
location D shows a highly calcareous soil. (even w: the mc%mmm Mummwn
a pH of 7.9 and low soluble salt content. The soil appears to be a Rio
O:Sam. fine sandy loam,!s but its exact classification has not been
determined.

Chlorosis in citrus is commonly found on over-irrig; -alcareous
mo:m. in Arizona and California, _u:w\ there is little wmnmmm“%m MM__MMM wmw
vestigators concerning the cause of this phenomenon. The hypothesis is
often mwm.ﬂm&. that a calcareous soil becomes more alkaline as the moisture
content is increased and that availability of iron is affected. Reuther
and Crawford (1947), however, in an investigation of the relationships
of soil moisture, soil atmosphere composition, and soil reaction c:wwmmw
data that question the validity of this hypothesis. On the other hand, it
does appear that chlorosis is due to some soil factor that is related to
the availability of a certain group of nutrients including iron.

15 A assification made by W. R. Cowley.

—143—



TYPES OF LEAF SYMPTOMS OBSERVED
ROOTSTOCK SEEDLINGS GROWING AT TH

Key to type of
leaf symptoms

TABLE 4

0 - Green foliage
1 - Apparent boron excess
2 - Apparent boron excess -

3 Apparent boron excess - m

burning in old leaves
4 - Apparent boron excess -

ON AUGUST 15, 1948 ON
E FOUR NURSERY SITES
C - Chlorosis .

- speckled effect in old leaves

mottled effect in old leaves
ottled tip and marginal

all seedlings dead

Species
Sour orange -

Variety Location A

Texas
Oklawaha
Bergamot
Bigaradier
Natsumikan
Bittersweet

(=3
1=

oooco

Location B

Location

[od Location D
4

Sweet orange -

ia. sweet sdlg.
Parson Brown
Pineapple

Grapefruit -

Duncan
Leonardy

n66

o

onooo

Shaddocks -

‘I'nong Dee
Siam

Nakorn

Koo Kum Tia

11 oo|loc|ol 01 ©OOOO

cooc|oo|oo!

it gt e | LD DO | B0 1D 0B | IS W IO B DO DN

Lemon -

Cuban (Cuban Shaddock) ¢
Rough
Sweet
Meyer

-
]
w

Lime -

Egyptian Sour
Rangpur
Columbian sweet

ooy Con

Limequat -

Lakeland
Tavares

Trifoliate orange -

Large flowers
Small flowers

Citranges -

Morton
Saunders
Troyer
Savage

L1 oot 1 |on

Citrumelo -

o000l roo|oR|C0| QOO0 0

16one|nnoclon(nnoocolnooo|l 1 PO|OO

Citrange -
Citrangequate -
Citrangedin -

Sweet Mandarin -

Cleopatra
Betanjor
Oneco
Willow-leaf

Chu Koa

Tim Kat

No. 11412
Nobles No. 10642
Swatow No. 10031

Sour Mandarin

Suen Kat
Calamondin

Tangor -

"No. 653

Kinnow
Wilking
King
Temple

Tangelo -

Seminole
Orlando
Thornton
Suonshine~’
Minneola
Watt
Samnson
Williams
Yalaha
Pina

Sataumelo -

No. 10-0-3

Severinia sp.

Narrow-leaf form
Broad-leaf form

inli|o cocoocao|ol ' 1 Pluoloo: 1 o|locos|t tileie

n .
O'l"l NN LI B NS W LY FYCRLNYE L PP NNRT | e ofn e el e BB RRINOO| NER

onln|losriaoenonolno®a®liolnoiocojor i Blia

€. Macroptera
hybrid -

oloole|sosososocoloso Plosli cooolor 1o 1

Kalpi {Webber's Philippine hybrid) -
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Apparent Boron Toxicity

The area selected for planting C is one that was considered to be an
excess-salt problem area. It is in a section designated to receive mixed
river and drainage water. An adjacent grapefruit grove showed leaf-
burn but it was not examined closely at that time for evidence of boron
excess symptoms. .

At the beginning of the test, free ground water occurred at'56 inches
and the EC of this water was 10.0 millimhos per cm. The soil is ¢lassed
as Hidalgo fine sandy loam; the surface foot is slightly calcareous: and
has a pH of 7.7. The ECe of the surface foot of soil was 1.4 millimhos
per cm., and for the next three feet 3.4 millimhos per cm. (see table 6.).

During the fall and winter, the irrigation water consisted mostly of
river water. the EC of the irrigation water was 3.0 millimhos per cm. on
October 31; 2.4 on Jan. 16; 1.6 on Feb. 23; and 2.2 on Apr. 7. The average
ECe of the surface foot of soil (table 6) was 3.6 millimhos per cm. on
Dec. 30; and 2.2 on May 1. The surface foot horizon at least, could not
be classed as a high-salt soil during this period; yet a great many plants
showed yellowing, tip burn, defoliation, and die-back. Also a great many
of the plants died at that time, but no detailed diagnosis was made of
the leat symptoms.

Irrigation water applied in May, June, and July had an EC of 5.8
millimhos. The average ECe of the surface foot for 20 locations in the
nursery on July 20 was 4.5 millimhos per ¢cm. Some individual locations
had an ECe reading of 6.0 millimhos per cm. Therefore, during this per-
iod the salt content of the surface foot was perhaps high enough to

Figure 9. Chlorosis found on Duncan grapefruit seedlings at
Goodwins’ nursery in August 1948.
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cause injury to intolerant varieties. The W&E:W was intermediate be-
tween the levels maintained in the high-salt and low-salt plots of the salt
tolerance tests.

On August 15, a record was made of the apparent type of injury
occurring on the leaves. In most instances it appeared to be a form of bor-
on-excess symptom. The speckled effect (type no. 1) found on the shad-
dock appeared identical with that described by Camp and Fudge (1939,
p. 43). The mottled effect (type no. 2) at the margin of the tip found
on sour orange, sweet orange, grapefruit, Meyer lemon, some of the
mandarins, tangelos, and citranges was similar to that illustrated by Chap-
man (1943, p. 170) for lemons. The type no. 3 injury appeared to be an
advanced stage of type no. 2 and was similar to that illustrated by Camp

TABLE 5

ANALYSIS OF SQILS AT THE 0 - 12 INCH
HORIZON OF THE FOUR LOCATIONS AT VARIOUS DATES
IN 1947 AND 1948

Date Location A Location B Location C Location D
Lime Test *
11-13-47 0 - - XX
12-30-47 0 X - XXX
5- 1-48 0 0 - XXX
7-20-48 0 0 - XXX
9-25-48 0 0 0 XXX
11-16-48 0 0 X x
PH of Saturated Soil
11-13-47 - - 7.8 7.1
12-30-47 7.5 7.3 7.3 7.1
5- 1-48 7.1 7.3 7.5 7.9
7-20-48 7.1 7.1 7.3 7.9
9-25-48 7.2 7.1 7.7 7.9
11-16-48 7.3 6.9 7.8 7.9
Saturation Percentage
11-13-47 34 - - 29
12-30-47 - 33 31 36
5- 1-48 28 36 34 32
7-20-48 27 36 36 31
9-25-48 25 34 35 30
11-16-48 28 36 37 41
Salinity - ECe, Millimhos per Cm.

11-13-47 0.4 - - 2.1
12-30-47 1.6 1.5 3.6 2.3
5- 1-48 1.5 1.3 2.2 14
7-20-48 1.1 1.7 45 1.1
9-25-48 0.5 0.9 0.9 0.7
11-16-48 0.9 1.8 14 0.9

# 0 = Non-calcareous; x = slightly calcareous; xx = moderately cal-

careous; .
xxx = highly calcareous. Rated according to degree of effervescence
obtained with acid.
- = no determination.
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and Fudge (1939, plate VIII). Cleopatra showed no symptoms of
excess on August 15, but developed wwms later. ymptoms of boron

It is possible that some of the injury observed and labeled as type
no. 3 was salt-excess damage or combination of salt and boron excess. In
the case of some citranges, citrumelos, citrangedins, citrangequats, and
narrow-leaf severinia there was evidence of a combination boron ex-
cess and chlorosis of the type found at planting D. It is noted that the
surface foot of soil is slightly calcareous. One outstanding difference be-
tween the C and D plantings was the behavior of sour orange. In plant-
ing D, all sour oranges had healthy green leaves, while in planting C
all varieties of sour orange had the mottled boron-excess effect. ’

The only varieties showing little or no symptoms of boron excess

after one year in planting C were rough lemons, Egyptian sour lime
Rangpur lime and the broad-leaf severinia. &P ’

At location A, in contrast to the C and D plantings, all leaves on
all varieties except the trifoliate-orange were green and free of chlorosis
boron, or salt toxicity. The trifoliate-orange showed chlorosis similar to
that found in planting D. All other of the 53 varieties listed in table 4
and 42 other varieties not listed, had healthy green foliage all spring and
summer. The surface foot of soil was a grayish brown fine sandy %o

am,
TABLE 6. .

ANALYSIS OF SOILS AT DIFFERENT HORIZONS
OF THE FOUR LOCATIONS ON NOVEMBER 11, 1948

Seil
‘ #Onmno? inches Location A Location B  Location C Location D

Lime Test *

0-12 0 0 x

12-24 0 X XXX mwx
24-36 0 XXX XXX XXX
36-48 X - XXX XXX

PH of Saturated Soil

0-12 7.3 6.9 7.8

12-24 7.1 73 7.7 m.w
24-36 75 7.8 7.8 7.8
36-48 7.8 - 7.8 7.9

Saturated Percentage
0-12 28 36 37
12-24 40 41 40 Mw
24-36 46 49 41 37
36-48 44 - 40 45
Salinity - ECe, Millimhos per Cm.
0-12 0.9 1.8 1.4
12-24 05 16 35 w.w
24-36 06 2.1 3.4 0.9
36-48 0. - 34 0.8
* 0 = Non-calcareous; x — slightly calcareous; xx —= moderately

caleareous:; xxx = highly calcareous. Rated according to degree
of effervescence obtained with acid.

- = Indicates no determination.
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, ine s : _calcareous, with a pH of 7.3
assifi -ennan fine sandy loam, non-ca s £ 7.
Mﬂwwﬂwwﬂﬁwm Wmu.mmcgmw of 28. and a low soluble salt content. Other soil
data are given in table 6. N "
The record on leaf symptoms wn_w_ﬂaﬁ;m wﬂiwm Wﬁ%ﬂoﬁw oﬁ MM m_%
anting A, All varieties except Or ando tangelo, 0. X
mw“wwﬂ“mgm severinia, and calamondin had healthy mmwm ._mwwaw <WM
the four exceptions, the first EMmm Ww% Mwm QMMEMM Om ﬁ%mw%m%m M@@mﬁﬁ
i i : alamondin hal e speck p
in planting D and o, il i face foot was noncalcareous,
; ity symptom. The soil in the surface S
wﬂo% @nowww_»w\wmw: mum_.om:nwmm 36, and low soluble salt content. The soil
below the surface foot was calcareous.

In recapitulation it is seen that, if nrmm_mmm mﬁwmwoﬁ_ MWWM&% Mww
'k ¥ ici red excep 2
correct, no marked boron toxicity occurre pt In piot g
orosis in planti i ther type, probably the nu
the chlorosis in planting D was of ano y the nuo al
ici avily i ted calcareous soils. is we
deficiency common on heavily irriga 15 JE this wes
e s y he leaves at plantings A, B, a .
true, there should be less boron in t . i D
. -on analysi 10-month-old Cleopatra seedling
than at C. A boron analysis made on X Cleopatra see ot
X ember 1, showe
aves collected from the four locations on Nov , .
WW“W\ mémm the case (see table 7). The value found (635 U@B_v in iﬂww
leaves at planting C is high for leaves of that age and is in line
that found in mature leaves of areas of boron injury.

It is therefore concluded that boron was a factor in inducin ﬁm
observed symptoms in planting C. Chloride analysis was wo.ﬁ ma mmwm_n
»rmm@_oma..nmmsaxmm:oﬁrsoiz$.rm§9.:::~._o:m concentrations o

were also present.

TABLE 7

Boron Determination ° on Leaves ** from Cleopatra
Seedlings Grown at the Four Locations

Boron, p.p.m.

Location
A 149
W 191
C 635
D 165

* These leaf analyses were made by the Agricultural Consultant
Laboratories at Weslaco, Texas.
ee  10-month-old leaves collected Nov. 2, 1948.
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EXPERIMENT STATION FIELD PLANTING

Description of Planting

The first field planting of the present investigations was made at
the Texas Agricultural Experiment Station at Weslaco, on December
15, 1947, from nursery stock propagated in the nursery planting at the
station. A preliminary report (Cooper and White, 1947) was made last
year. The planting consisted of a 10-acre block of Red Blush grape-
fruit on 39 varieties of rootstocks, with 12 trees of each rootstock. The
trees were planted in groups of three trees of each rootstock variety, the
three-tree rootstock groups being randomized in each of the four blocks.
The planting distance was 25 by 25 feet. A border row of trees was
planted on all four sides of the planting to serve as wind protection for
the test trees.

The field planting was made adjacent to the salt tolerance plot area.
The soil in most of the 10-acre area is classified as Willacy fine sandy
loam (non-calcareous in the surface foot) but there are some spots of Hi-
dalgo fine sandy loam (slightly calcareous in the surface foot). A silty
clay stratum containing calcium carbonate (limestone) concretions was
as close as 18 inches to the surface in some areas but was approximately 36
inches from the surface in the greater part of the planting. A detailed
soil survey of the area will be given in WS_. reports on this planting.

Piezometers installed at an 8-foot depth in 12 locations in the 10-
acre planting showed free ground water at 68 to 80 inches. The salinity
of this ground water was determined as EC 5.0 to 15.0 millimhos per
cm.

Following the September rains, considerable chlorosis developed in
the leaves of some trees in a small area of the planting on Hidalgo fine
sandy loam. The surface foot and the second foot of soil were calcareous,
with a pH of 7.6. The saturation percentage of the surface foot of soil
was 34, and this soil contained 18 percent moisture 10 days after the
rains. The salinity at this time measured ECe 2.9 millimhos, per cm.

The chlorosis was a yellowing similar to that occurring in the seedling
planting C at Mission and occurred principally on the leaves of the ter.
minal flush of growth. A great many of the affected leaves developed
small circular spots of brown dead tissue. Later many of the affected
leaves abscised. Trees on Suwannee tangelo, Orlando tangelo, Pina tan--
gelo, Temple orange, Chu Koa mandarin, and Dancy tangerine root-
stocks showed chlorosis; while trees on Thornton tangelo, Sampson tan--
gelo, and Oklawaha sour orange in the same area showed no chlorosis,

A chemical analysis'® of affected leaves from grapefruit on Orlando
85%;10 rootstock showed: boron 164 p.p.m., sodium 4.65 m.e./100 grams.
Both the boron and chloride content are too low to cause boron or chlor-
ide injury, but the sodium content is as high as that obtained in leaves

16 Made at U. S. Regional Salinity and Rubidoux Labora-
tories, Riverside, Calif.

—149—



on the high-salt plots (table 2). The significance of these results is not
clear. ’
Quantitative Growth Response

The average growth responses of the plants of the grapefruit trees
produced on the various rootstocks during the first year after transplant-
ing are shown in table 8. Growth measurements consist of circumference
measurements of the trunk of the tree four inches above the bud union.
These measurements were made right after transplanting on December
15, 1947, and on December 4, 1948, approximately one year later.

The measurements at the time of transplanting, represented by the
first column of figures in table 8, reflect differential growth of the root-
stock in the nursery. This has been described in some detail in the 1947
report where it was shown that sour orange, rough lemon, and Rangpur
lime produced the largest grapefruit trees in the nursery. The Williams,
Thornton, Watt, and Sampson tangelos produced trees next in vigor of
growth, while the mandarins, including Cleopatra, produced a relative
growth of grapefruit of only about 70 percent of that of the sour orange.

Statistical analyses of the data in table 8 for increase in circum-
ference of the trunk during the first year in the field indicate that there
is a highly significant effect of stock on circumference increment of the
trunk. The least difference required for significance between any two
stock means is 7.6 m.m. at 19 to 1 odds and 10.0 m.m. at 99 to 1 odds.
Eight of the stocks showed significantly smaller growth increments than
the Florida sour orange (control). The smaller growth increments for
Siam shaddock, Hm::m@ orange, citrumelo no. 4475 and the Sampson,
Suwannee, and Pina tangelos than for Florida sour orange were highly
significant.

, The growth increment for lempum, satsuma, and citrumelo in all
three instances was significantly lower than that for all other stocks. In
most instances the difference was highly significant.. Some of the trees
on lempum root were found to have a defective bud union, several break-
ing off at the bud union. In case of the trees on satsuma and citrumelo
stock the bud union appeared sound.

The only stock that showed a growth increment significantly great-
er than that for Florida sour orange was the Rangpur lime. The increase
in circumference for rough lemon, Cleopatra mandarin and others as
shown in table 8 did not differ significantly from that for Florida sour

orange.

The good growth of grapefruit on Cleopatra root after establishment
in the field, is in line with observations made by growers throughout the
Valley with this rootstock.

DISCUSSION AND CONCLUSIONS

The salt tolerance studies described in this paper have shown that
grapefruit on Cleopatia mandarin rootstock is slower developing leaf
symptoms of salt-excess and shows less growth depression from high-
salt treatment than does grapefruit on sour orange. The value of this
degree of apparent salt tolerance of the Cleopatra rootstock to the
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TABLE 8

Growth of Red Blush grapefruit on various rootstock varieties
in the Texas Agricultural Experiment Station field planting

during the first year after transplanting

Avg. Circum-

Avg. Circum-

Avg.

Species or ference of ference of in Circumfer-
Variety trunks at trunks ence of trunks
hybrid transplanting | 12-4-48, mm. | from 12-15-47
12-15-47, mm. 10 12-4-48, mm,
Sour orange Florida (con- 44 96 592
trol)
Oklawaha 43 96 52
Bergamot 44 96 52
Sauvage 40 94 54
Bittersweet 42 96 54
Natsumikan 30 80 50
Sweet orange Florida sdlg. 36 88 52
Hamlin 36 85 50
Grapefruit Duncan 28 71 43*
Leonardy 22 87 55
Shaddock Thong Dee 34 79 45
Siam 28 70 42%%
Sweet Man- Cleopatra 31 82 51
darin Dancy 29 T2 43%
Satsuma 27 60 33*#
Clementine 35 83 48
Chu Koa 31 76 45
Scur Man- Suen Kat 33 88 55
darin Calamondin 37 84 46
Tangor Temple (or- )
ange) 34 76 42%%
King 37 85 48
Umatilla 36 79 43#
Tangelo Williams 40 84 44*
Sampson 38 80 42#%
Suwannee 34 76 42%#
Y:z=laha 26 70 44%
Sunshine 32 77 45
Orlando 31 74 43%
Minneola 35 33 48
Pina 35 75 40%*
Thornton 46 89 43*
Watt 40 86 46
ﬁwaonm Rough 47 104 57
Lime Rangpur 42 102 60*
Lempum - 38 72 34%*
Citrumelo No. 4475 19 52 33%%
C. Macroptera Kalpi (Web-
hybrid ber’s Philip-
pine hybrid) 38 94 55
Least significant difference between any two stocks at 5% level 7.6

Least significant difference between any two stocks at 1% level 10.0

*

from Florida sour orange.
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* Signifies significant difference from Florida Sour QOrange (control)
by odds between 19:1 and 99:1.

#*  Signifies significant difference from Florida Sour Orange (control

by odds of 99:1 or more. None of the rest differ significantly
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growth, yield, and longevity of grapefruit under grove conditions will
require trials of grapefruit on Cleopatra root under actual. field condi-
tions. One such field test has been established at the Experiment Station
and others will follow in different parts of the Valley during the coming

year.

The salt tolerance studies also show that Valencia orange on Cleo-
patra root is more tolerant of salt than Red Blush grapefruit on Cleo-
patra root. Thus, we find both a stock and scion effect in relation to salt
tolerance. These results with Valencia orange are in line with repeated
observations made in the field in problem areas of the Valley where
a high water table and high soil salinity exist. Under such conditions
Valencia orange invariably grows better than grapefruit, with both grow-

ing on sour orange root.

The boron impurity in the salt solutions used in the early part of
these salt tolerance tests throws some question on the interpretation of
the data in spite of the fact that the leaf symptoms were typically salt-
excess and chemical analysis of the leaves show toxic amounts of chlor-
ide and non-toxic amounts of boron. New salt tolerance tests on the Cleo-
patra root as well as on 30 other varieties of rootstocks have already been
initiated. In these tests particular care will be exercised to use boron-

free salts.

The boron complication in the salt plots and the occurrence of ap-
parent boron toxicity in the seedling planting C, have introduced wqo_.u-
lems of the identification of salt w:m Woas excess symptoms and of the
determination of boron tolerance of citrus rootstocks as well as salt tol-
erance. In order to investigate these new problems a series of test plots
of Red Blush grapefruit and Valencia orange on sour orange and on Cleo-
patra roots have been initiated in a boron-free area at Rio Farms. These
will be irrigated with river water containing (1) added salt, (2) added
boron, (3) added boron plus salt, and (4) no added salt or boron. The
leaf symptoms produced under these known controlled levels of salt and
boron and mixtures of the two should contribute to a better diagnosis
of boron and salt toxicity.

The different leaf symptoms developed on seedlings growing in dif-
ferent regions of the Valley illustrate some of the problems involved in
rootstock adaptability tests in the Valley and shows the importance of
conducting comparative rootstock tests on the various soil types. A voot-
stock adaptable to location D should show resistance to chlorosis and an
adaptable stock for location C should have boron tolerance. On the other
hand rootstock seedlings susceptible to chlorosis and intolerant of boron
grew well in locations A and B. Thus locations A and B may have a
greater choice of rootstocks adaptable to those areas. A certain stock
may be highly adaptable in all respects except for boron or salt intoler-
ance. Such a stock might possibly prove more adaptable to locations A
and B than a rootstock found to be tolerant to boron or salt and adaptable
to location C.

The latest census of the Division of Plant Inspection and Quarantine
of the Texas State Department of Agriculture indicates that there are
now 405500 Cleopatra seedlings in the nurseries and 22,000 grapefruit
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and orange trees on Cleopatra rootstock in nurseries or in field: plantings
in the Valley. Because of this interest by growers in Cleopatra rootstock
as a substitute for tristeza-susceptible sour orange stock, it is desirable to
investigate and find out the facts about this rootstock. The salt and
boron tests have been designed to test this variety in particular, and it
was included in the rootstock field planting at the Experiment Sta-
tion and will be included in the other field plantings.

The results to date indicate the following in regard to Cleop
rootstock: (1) when budded to grapefruit it mmvwmm_.m to be :5_.% mW:
tolerant than sour orange; (2) grown as a seedling, it is more suseptible
to chlorosis on highly calcareous soils than is sour orange; (8) it has, the
disadvantage in the nursery of growing slowly and requiring more time
to reach a good budding size than the sour orange; but once propagated
and transplanted to the field, it has grown as rapidly as the sour orange
during the first year. ’

__The merit of a rootstock, however, depends primarily on its behavior
in the orchard. Important points to be considered are precociousness
yield per acre, quality and size of fruit produced, length of Hunom:oaﬁw
life of tree, and degree of resistane to cold.

Although particular attention is being given to investigations of the
Cleopatra rootstock, two hundred other varieties of citrus are also being
tested. Not only the Cleopatra mandarin, but the Sunki, Suen Kat, Dancy
Ponkan, Clementine, Oneco, Kinnow, and Kara mandarins ?m.<o _vmmm
mo.E& v< Grant and Costa (1948) to be resistant to tristeza when budded
with either grapefruit or sweet orange. Perhaps all mandarins will be
found to be resistant. Accordingly, the seedling plantings at locations A
C m.:& D have been expanded to include 44 different varieties of man-
darins. These plus many varieties of limes, lemons, tangelos, and cit-
ranges are being tested for their adaptability to the Valley soils.
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Some Important Transit and Market Diseases

of Texas Vegetables
By

G. B. Ramsey, Senior Pathologist

United States Department of Agriculture, Bureau
of Plant Industry, Soils and Agricultural Engineering
Chicago, Ilinois
Dr. G. B. Ramsey obtained his Ph. D. in botany at the Uni-
versity of Chicago in 1925. He has done research in Plant Pathol-
ogy at the Indiana State Experiment Station and at the Maine
State Experiment Station. Dr. Ramsey has been actively engaged

with Market Diseases of Fruits & Vegetables for the U. S. D. A,
University of Chicago since 1928.

From the market point of view any deviation from the normal
structure or function of a plant or plant part that endangers its life
or decreases its marketability is considered a disease. While there are
many factors that contribute directly or indirectly to the loss of produce
during transit and marketing, the most serious fruit and vegetable dis-
eases are usually caused by low forms of plant life belonging to the
groups known as bacteria and fungi. Many of these bacteria and fungi
cause diseases in the field by invading the roots, stems, leaves, or fruit
of various commercial crops of vegetables. Such disease-producing or-
ganisms not only cause decay and loss during the growing of the crop
but they also continue to cause decay of the commodity during trans-
it and marketing. Many of the fungi do not require wounds for "en-
trance into plant tissue and therefore are able to grow from one diseased
fruit or vegetable to another in the same package. In some produce
like snap beans, peas, cucumbers, lettuce, carrots, etc., the spread of
disease-producing organisms like Sclerotinia and Rhizoctonia from one
or two infected specimens within the package causes some of the
most serious losses during transit and marketing. For this reason special
care should be exercised to inspect and grade out all evidences of
decay when disease is known to be present in a crop.

During the growing and harvesting of fruit and vegetable crops
weather conditions play one of the most important parts in determining
loss from decay during transit and marketing as well as in the field.
Extremes of temperature or moisture often lead to injury and blemishes
which open the way for secondary decay-producing organisms such as
the bacteria that cause soft rot. High soil moisture favors the growth
of soil organisms that often are particularly damaging to vegetable
crops, while high atmospheric moisture facilitates the spread “of air-
borne organisms which cause infection and decay of both fruits and
vegetables.

. Late blight of tomatoes and potatoes provides one of the 7.@%
examples of the close correlation of weather conditions to the develop-
ment of disease. The causal fungus (Phytophthora infestans) will not
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grow under hot, dry conditions but it will grow rapidly during cool,
wet weather. During unusually cool, wet weather this fungos has caused
serious decay in Texas produce in the field and on the market. From the
marketing point of view late blight is especially damaging to the tomato
crop at harvesting time because the spores of the fungus contaminate the
fruit while on the vine and during packing. On germination these spores
usually cause infection at the stem scar or elsewhere on the fruit where
the skin has been injured. Since it takes four or five days for visible decay
to develop it is possible to pick and ship apparently healthy tomatoes
and still ‘have a high percentage of them show late blight rot by the
time they reach the market. F urthermore, some inconspicuous infections
at the edge of the stem scar are certain to be overlooked by the graders
and packers and such infections often cause decayed areas one inch
or more in diameter by the time the tomatoes reach the market. So long
as the late blight fungus shows as a white downy mildew on the under
side of diseased leaves and on the stems of blighted vines, fruit infec-
tions will continue to occur, because the presence of this mildew shows
that new crops of spores are being produced each day. Shipping tests
with tomatoes from blighted vines have shown that it is impossible to
grade out all diseased fruit. In a test made by the writer seven lugs
of tomatoes harvested from a badly blighted field were carefully in-
spected twice to be sure that all fruit showing the slightest signs of
infection were eliminated. Four of these lugs of tomatoes were immersed
in a formaldehyde dip (1-300) and three Tugs were left untreated. Aft-
er five days an inspection showed late blight ranging from 4 to 12
percent in the treated lugs of tomatoes and 8 to 17 percent in the un-
treated lugs of fruit. The presence of invisible infections made it impos-
sible to eliminate the disease by inspection, and the formaldehyde dip
was not effective in checking the development of decay. Several days
of hot, dry weather will do more toward checking blight of the vines
and decay of the fruit than anything we can do.

Late blight also occurs in the southern potato crop under the
same weather conditions that favor its development in tomatoes. In
fact the potato crop in some regions often furnishes the source of in-
fection for the tomato crop, since the same fungus (or closely related
strains) causes late blight in both crops. Although late blight tuber
rot of potatoes is at times one of the most serious diseases causing
loss during transit and marketing, it is sometimes possible to have ap-
preciable m:mrn in the field and yet not have much tuber infection. If
the soil is comparatively dry a few weeks before digging time the
spores of the fungus are unable to get down to the tubers. Most tuber
infections occur during wet weather previous to and during harvesting.
Spores washed down from the vines through the soil during rains cause
most infections of the tubers. However, the tubers may also be con-
taminated by spores from the wet vines during digging. Infections re-
sulting from the germination of these spores sometimes cause decay
during transit. Bacterial soft rot often follows these infections and
causes as much trouble as the late blight tuber rot by the time the

potatoes reach the market. By harvesting potatoes during dry weather
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and by careful inspection and grading of tubers at packing time much
of the loss from late blight tuber rot during transit msww ,cm w<o~.mm%.o

Among the many transit and market diseases of vegetables that
cause great loss in vegetable produce few are as damaging as bacterial
soft rot. This disease is caused by Erwinia carotovora and related species
of vmn..8~._.m that follow injuries, blemishes, and other decays. The causal
organisms are ever present in the soil and water and therefore are a
constant source of trouble whenever conditions are favorable for their
growth. In the southern potato crop bacterial soft rot causes greatest
losses in wet seasons and during hot, wet weather at harvesting time
..Hcvo_.m with enlarged lenticels, with excessive bruises and cuts, or 5..
jury by heat (scald) are especially susceptible to this disease. Potatoes
injured by scald at harvest time almost invariably develop bacterial
v.&.ﬂ rot @E.Em transit and marketing even though there may be no
visible injury at packing time. For this reason it is advisible to pick
up ﬁr.m tubers within 30 minutes after they are dug if the air tempera-
ture is 90°F. or above. During hot weather washed potatoes should
_,um. 3:.7\ dry when packed and they should be shipped under re-
*_.Hmmmwsoﬁ in order to retard the development of bacterial soft rot dur-
ing transit.

In tomatoes bacterial soft rot usually is associated with rains, growth
cracks, and insect injuries. Some of this decay may show in the field
v:w often most serious loss occurs in shipments to the market. Tomatoes
.::Emm during harvesting and packing or by shifting of the load dur-
ing transit often develop bacterial soft rot before they are ripe. The
injuries caused in lidding excessively bulged packs are often ammvornzm
for much of the decay found on the market. Apparently all tomatoes
are contaminated by soft-rot-producing bacteria, for all kinds of in-
juries and mm.omv\m& areas caused by other diseases are usually follow-
ed v.% Tuuo"m;& soft rot while the fruit is being held on the market
for ripening. Much of the loss from this disease may be avoided by

areful . i . ?
Mm.wmmw:m%w:&_sm to prevent injuries during harvesting and packing

Bacterial soft rot is one of the most serious mark i

many o%mq.ﬁwmw.awv_m crops. Under warm, moist ooM&MM:m_%mMMm:mMM
great losses in shipments of lettuce, carrots, celery, cabbage, cucumbers
onions, and other commodities. Since this trouble is often ....Hoo:m?ozocm
in the field the growers and shippers are sometimes greatly surprised
when they get receiving-market inspection reports that show high per-
centages of bacterial soft rot in carlots of produce that they oo:mmm%nmm
in good shipping condition. Usually such severely decaved lots of pro-
duce result from excessive injuries from exposure to high 83@9»%..2
at harvest time or from delays and insufficient refrigeration durin

transit. The growth of most bacteria that cause soft rot is checked vm
temperatures of 45°F. and below. Y

Perhaps there is no better way of asizi

: y of emphasizing the need for b
methods of oosg.u_rsm loss of fruits and <mn¢32mmm during qwm“_.n wmm”
to quote some figures from the Freight Claim Division of the As-
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iation of American Railroads on the amount of money paid out in
M%M_._W:Mo?n loss and damage (Cir. No. m.OU-Hm&e. In 1947, $19,209,381
was paid on claims on fruits and vegetables. This amounted to EM maﬂ?
age payment of $19.05 per car for the 1,008,172 cars handle m.ﬂ
year. Greatest loss occurred in the strawberry shipments on <<H ic
an average claim payment was made of $175.00 per car. The least
loss occurred in banana shipments on which an average claim wmvabmdm
was made of $1.26 per car. The average claim payments per car o
some other commodities were as follows: tomatoes m,ﬁ.@m, cucumbers
$36.60, watermelons $30.62, orange $20.49, and grapefruit $12.69. These
sums are paid for loss and damage caused by mm,.\m_.m_ factors among
which breakage, injuries, and decay are the most important.

TEXAS CITRUS & VEGETABLE GROWERS & SHIPPERS

Seeing the need for unity of action in the industry, a vmsnwmi of
fewer zz:m thirty grower-shippers of vegetables and citrus founded “Texas
Citrus & Vegetable Growers & Shippers” in October, 1942.

This Association now has a membership of over two hundred grow-
ers, shippers and allied industry firms, located throughout the State

of Texas.

Texas Citrus & Vegetable Growers & Shippers is a nonprofit cor-
poration whose primary purpose is to EoSoﬁm and protect the in-
terests of the growers and shippers of fresh fruit and vegetables. In an
industry as diversified and complex as this one, this has meant going
into many, many problems — State and National Legislation, transporta-
tion, labor relations, publicity, and research — to mention only a few.

During the six years this Association has been in existence, it has
come to be recognized as the strongest and largest state organization
of its kind in the industry. It has and will continue to io_._h.mg the
benefit of the growers and shippers of Texas vegetables and citrus.
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Vegetable Spoilage in Transit and Storage

In Relation to Certain Field Practices
By
Jacx M. BickertoN, Plant Pathologist
E. 1. Du Pont De Nemours & Co., Inc., Houston, Texas

Dr.-Jack M. Bickerton was born at Victoria, British Columbia,
Canada, April 30, 1913. He received his BSA degree from the
University of British Columbia in 1934 with a major in Plant
Pathology. For two years he was agricultural technician for
the Nationz2l Research Council of Canada at the Dominion Ex-
periment Station, Summerland, B. C. After five years graduate
study in Plant Pathology, he was awarded a Ph. D. degree at Cor-
nell University in February, 1941. He was director of Research
and Assistant Sales Manager in the Agricultural Division of
Innis, Speiden & Co. of New York for six years. From Feb. 1947
to June, 1948 he was General Manager Insecticide Division of
the Walker Fertilizer Company of Orlando, Florida. Since July
of 1948 he has been technical service representative in the Hous-
ton-New Orleans territory for the Grasselli Chemical Depart-
ment of the E. I. duPont de Nemours & Company, Inc., Wilming-
ton, Delaware.

INTRODUCTION

The enormous extent of losses to fruits and vegetables in transit
and storage is indicated in a recent publication by Wiant and Bratley
(5). They point out that in the 7-year period 1935-42, with reference to
rail shipments to New York City only, decay of 14 fruits totaled 4,936
carlots and decay of 31 vegetables totaled 15,689 carlots, or a grand
total of 20,625 carlots; equivalent to nearly 3,000 carlots annually. A
study of this article indicates that shipments originating in Texas
had their full share of decay!

Today I have been invited to discuss the effect of proper field
practices in reducing spoilage of fruits and vegetables after harvesting.
This is such a broad topic that time precludes a complete discussion
of it. My remarks will be limited largely to a discussion of the im-
portant part that the proper use of fungicides and insecticides on vege-
table crops in the field can play in minimizing post-harvest losses
caused by fungi and bacteria. Even this is a broad topic.

EFFECT OF CHEMICALS ON PRE-HARVEST LOSSES

Before discussing the relation of field usage of fungicides and in-
secticides to vegetable spoilage after harvest, let us consider briefly the
main purpose of using such chemicals; namely, to control, in the field,
diseases and insects which reduce total yields of marketable produce
and increase the percentage of culled produce. In this regard no one
will argue the practicability of an effective control program in the
field. The use of newer organic insecticides like DDT and Benzene
Hexachloride, having residual killing properties and a wide range
of insect toxicity, as well as improved neutral copper and “dithiocar-
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bamate”® fungicides, has without doubt been a large factor in increas-
ing yields as well as net income in most of the important vegetable-pro-

ducing areas.

The regular use of fungicides on vegetables in the Rio Grande
Valley is not yet established practice. Observations indicate that this
is certainly not due to the absence of serious foliage diseases on our
important vegetable crops. It is apparently due to a natural desire
on the part of the grower to economize. and to a scarcity of factual
local information regarding practical results to be achieved from using
fungicides. In the latter regard numerous examples could be cited from
other areas where the disease picture is no more pronounced than
ours. For example, Young (6) has shown that the use of copper
fungicides, such as Copper-A®° on tomatoes in the Jacksonville, Tex-
as area doubled the yield of marketable fruit. We are conducting similar
local tests in cooperation with Dr. G. H. Godfrey. The results from
one tomato test carried out near La Villa during the 1948 fall season
are shown in the following table. Fungicide dust applications, at rough-
ly 25 pounds per acre, were made by airplane at 5 to 7 day intervals
on single plots for each treatment. Each plot was approximately 30
feet wide by one-quarter mile long and separated from the next plot by
about 100 feet to minimize overlapping of treatments by dust drift. Con-
siderable grey leaf spot (Stemphyllium solani) and early blight (Alter-
naria solani) appeared in the field the latter part of October. Harvest-
ing of fruit was started November 4 and was prematurely terminated
Novemnber 29 by a killing frost.

Yields of Marketable Tomato Fruit

Treatment From Two Center Rows Calculated Yield Per Acre
None 582 1bs. 2982 1bs.
15% Copper-A 785 1bs. 4023 1bs.
10% Parzate 620 lbs. 3178 lbs.
109 Zerlate 802 1bs. 4110 lbs.

In the following discussion on the use of fungicides no reference
will be made to seed treatments. However, it should be kept in mind
that the use of proper seed treatments in many cases is an important
part of the control program as regards minimizing both pre and post-
harvest disease losses.

°Several references are made throughout the text to dithiocarbamate
fungicides, which include the following.
Fermate (E. 1. duPont) - ferric dimethly dithiocarbamate
Zerlate (E. I. duPont) - zinc dimethyl dithiocarbamate
Parzate (E. I. duPont) - zinc ethylene bis dithiocarbamate
Dithane D-14 (Rohm and Haas) - disodium dimethyl dithio-
carbamate
Dithane Z-78 (Rohm and Haas) - zinc ethylene bis dithiocar-
bamate
°°Copper-A (E. 1. duPont) - tetra copper calcium oxychloride
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EFFECT OF CHEMICALS ON POST-HARVEST DECAY

You may wonder how the use of fungicides and insecticides in
the field can have any bearing on diseases which develop in transit and
storage. This occurs in at least two ways: (1) primary control by
minimizing produce infections which originate in the field and (2)
secondary control by reducing insect wounds and disease lesions on
the produce through which decay organisms subsequently enter.

Primary Results

. Although we discard obviously diseased produce in the grad-
ing and packing operations, we fail to discard diseased material ex-
w:g.mcm early symptoms difficult to detect, or in a latent period of
infection. There are many examples of minimizing such infections by
the proper use of fungicides in the field until harvesting.

Transit rot caused by late blight (Phytophthora infestans) on to-
mato fruits and potato tubers is of common occurrence. Several inves-
tigators have shown that this disease can be effectively prevented
by spraying or dusting with copper fungicides, such as Copper-A, or
with zinc carbamates such as Parzate and Dithane.

. Septoria blight (Septoria lycopersici), early blaght (Alternaria sol-
ani, naithead spot (Alternaria tomato), Phoma rot (Phoma destructiva)
and leaf mold (Cladosporium fulvum) all produce lesions on mature
tomato fruits. These diseases can be controlled by the use of a suitable
copper fungicide in the field (6). .

~_Bean anthracnose (Colletotrichum lindemuthianum) is often not
evident until the green beans are packed in the hampers. This disease
can be controlled in the field by spraying with Fermate (2).

.>ooo~m5m to Chupp (1) Cladosporium cucumerinum attacks the
straight neck summer squash in New York State but the damage is
most m.Smmdn after the fruits are crated. Spraying with dithiocarbamate
fungicides (not specifically identified) gave excellent control.

~ Alternaria leaf spot (Alternaria brassicae) causes serious rotting
of cabbage (4) shipped from both Texas and F _vo_.&: (5). In the m_u_.m:w
of 1947 A. A. Foster at the Florida Agricultural Experiment Station
Sanford, demonstrated that this disease can be controlled by m:m::w
in the field with Zerlate. This was confirmed in Florida by subsequent
commercial dustings.

. Blue mold (Peronospora spinacca) and white rust (Albugo occiden-
talis) cause serious decay of spinach in transit (5). We are currently
conducting tests in cooperation with Dr. O. H. Calvert, Texas, Agricul-
tural Experiment Station, Winterhaven, to determine if z_.mo:o& con-
q.% of these diseases can be obtained by dusting in the field with fungi-
cides.

Lettuce is often mm<nam_< rotted in the field and in transit by gray
mold (Botrytis uﬁﬁ..v. Niederhauser (3) demonstrated that the disease
can be controlled in commercial greenhouses by dusting with Tersan.
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It is possible that practical control could be obtained with this fungi-
cide under local field conditions. .

Secondary Results

Many organisms which cause vegetable rots after harvest enter
through wounds, such as insect holes and punctures or growth cracks,
or through lesions caused by other organisms. Bacterial soft rot (Bacil-
lus carotovorus) is such a case. According to Wiant and Bratley (5),
36 per cent of all vegetable decay in rail shipments to New York City
1935-42 was caused by this disease. Bacterial soft rot can be minimized
by proper use of insecticides in the field to keep insect damage to a
minimum, carrying out a fungicide schedule to control other diseases
and careful handling of the produce from harvest through packing.

Anthracnose infections (Colletotrichum lagenarium) on water-
melon, cantaloupe and cucumber fruits are frequently followed by sec-
ondary decays in transit and storage (4). Several investigators have
shown that anthracnose can be successfully controlled on these crops
by spraying or dusting in the field with fungicides such as Copper-A,
Zerlate or Fermate.

Chupp (1) reports that Mycosphaerella rot (Mycosphaerella cit-
rullina) and other fungi follow anthracnose infections of squash. He
cites the case of one New York State grower who, in 1947, lost 500
tons out of a 700-ton crop of blue hubbard squash from anthracnose
followed by Mycosphaerella. In the 1948 season he sprayed carefully
with one of the zinc carbamates and suffered almost no loss, even though
the season was very favorable for the disease.

Early blight (Cercosporapii) and late blight (Septoria apii) of
celery permit the entry of Sclerotinia sclerotiorum (watery soft rot)
in transit and storage. Early and late blights of celery are effectively
controlled in the field by spraying with Copper-A or Zerlate.

PHYSICAL FACTORS AFFECTING VEGETABLE LOSSES

A discussion of field practices affecting vegetable decay would
not be complete without a few comments on the subject of growing
and handling the crop. Greater attention should be given to adequate
rotation of crops and disposal of crop debris so as to reduce sources
of disease inoculum. The method of planting the crop should be con-
sidered with respect to proper spacing, providing for adequate air
circulation around the plants to permit rapid evaporation of dew and
rain from the foliage and fruit, facilitating uniform coverage with in-
secticides and fungicides, and keeping the fruit from contact with the
soil (viz. by staking tomatoes). Whenever possible crops such as to-
matoes, celery, beets, cabbage, eggplants and peppers should be culti-
vated and harvested when the foliage and fruit are dry to minimize the
spreading of disease organisms. Also, the produce should be carefully
handled from the time of harvesting until it is packed for shipment to
prevent mechanical injuries.
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t Losses on Citrus Fruits and Vegetables
By
B. G. SLay, Agent .

Western Weighing & Inspection Bureau, Harlingen, Texas
In charge of Fruit & Vegetable Inspection

type of transit loss
uising or secondary

Transi

e have concentrated on the

Until recently w
roken containers, such as br

that develops due to b
decay.

When we first began to work on this type of loss, we were very
much in the same place we are today with the type of loss that develops
due to some inherent defect of the fruit; or some decay that develops
secondary to some improper handling in transit; not necessarily from
packing shed to receiver but from producer to consumer.

ucing breakage of containers have been reward-
ed as we have reduced this damage on an average of something like
50% since this was undertaken a few years ago. We do not claim
that this is a success but we know weTe or: the right track; when some
shippers have an average breakage of less than $1.00 per car Aqrmm o?mam
average up to $127.00 per car. We are continuing to work with shippers
toward better loading, better container construction, and — in a way,
with the container manufacturers, toward the manufacture of con-
tainers from timber suitable for this purpose and ones that meet the
standard specifications. When we suceed in this, no longer will we be
reminded when we see a train with 100 cars of Texas grapefruit that on
an average 19 of those cars will have 22 broken boxes per car or a
like size train of tomatoes will have an average of 36 cars containing

43 broken lugs.

About a year ago, some of the agricultural colleges inaugurated
educational short courses that are .designed to teach growers, shippers,
loyees and receivers the best known methods of

transportation emp
handling these commodities and the importance of proper handling and
the importance of proper shipping varieties to growers.

We have a number of varieties of tomatoes that are resistant to
the many fungi decays, yet our Erowers continue to plant varieties that
are susceptible to these diseases. We have a number of varieties of
this vegetable that are known for their carrying qualities, yet we con-
tinue to plant varieties that we bred for canning plant stock, varieties
that are mature green today, pink tomorrow and soft ripe the next day.

Our efforts in red

This is the type of loss we are considering today, this along with
the breakage that causes bruised fruit which soon develops a secondary
decay. During 1947 the American railroads paid a total of $11,420,756.00
for this wanton waste on citrus fruits and vegetables. During the same
period, the Texas tomato growers realized $13,463,100.00 for their crop.
Just about enough to pay the national loss on these commodities. The
carriers only paid claims on those cars where there was some irregular
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Mmmmu_\m:mmvﬁmr M.m ?.mwwwma ora m_&mv\ that was alleged to have caused
. igares do not include any of the 1
cars that arrive on schedule time wi i s e oy
with decay in i
cars that aivive on Jecay in excessive amounts. They
y of the loss experienced b i i
There is no record of the t Y s g oo
otal of such loss but I beli it i
flected in the 60 to 80% mar . e s Dot e
ark up over the purchase pri retai
! G price that retailer
MM% mﬁﬂw Mﬁmﬁz WMZW_. am ermm m_ _mmﬁgwﬁo profit. I believe that this wswn_m
- picture of what these losses amount to, th
record. Such losses are passed on e Ay e
: to th i
prices he can not afford to pay. © consumer and often result in

rm—dwﬁmmm %6_ %..,M,m_w of these ooEBo&s.mm starts on our farms it is
e i %% " %m:m our prevention program. Growers should plant
not for canning m?:oﬁ %.OMWMMNH _L” owﬁw%ﬂ. %ﬁwn m.EE_u_.:mv e
this particular section. Only the _vswﬁ:,. frui e be horvad o
careful handling from farm to packin mm_:mﬁ wro:_m be rm?.mwwom. e
times. The fruit is better protected mmnmq ~Mom:o:%mwo e o
“mm Mﬂw %mmﬁw_im ﬂ:% most. of the UEE:% is :mcmm__w Toﬂﬂ wmwacﬂnmmwmu
ing shed. - n invisible bruise on the farm can lead to the decay of not

y the bruised fruit but several adjacent ones in transit or. mﬁw_ﬁmm:o

the WMM@MMOMMMH WNM attempt mﬁo wmwmvmmr this loss with any one group of

: engaged in handling these vital c iti

~ ) o B 1 OBBOQ

w_ﬁwﬂwﬁw mﬂ_ﬂ o,:. mwm:_ﬁ _% some places, the railroads in o»rmaw&mmdww

growers come M.Mm o~_.: M eir cmﬂ. The receivers and retailers are guilty
! some i , and, even the consumer is not without gui ¢

national loss and it must be attacked from a national w::ﬂamwuw Wow M

sectional or industry
one. Surely we cannot i i
equal to the Texas tomato o_.ob.v\ ot fgnore an economic loss

U. §. HORTICULTURAL FIELD LABORATORY

The U. S. Horticultural Field L.

. g aborat : i

W%.mo%.. Texas several years ago by the wamn.:.w\unumww awm%wﬂwrwm M; _HNWT
handling | pecka; _of conducting studies pertaining to the  aturity,
and <om, packaging, storage, and transportation of the fresh f ty,
. getables produced in this general area. sh fruits

The laboratory is located at the Harli

) . ; ngen All-Valley Ai

~om mwe_wwmwm with o%smn.wuw temperature nrwsmanm. :.vo:m:m%_dxwwv E.M»m:_m

ogy lab oE.Wer chemical laboratory, -and office space for wm%ossw_.

ork is current] N ?.oma%wm-sm on the cold storage of oranges and gra e

wa:mwvgm:ﬁ ol w%gﬁm arvest decay in citrus fruits and <mmm§_um&

equipment H_M.m hods mOn. transporting fruits and vegetables to mar-
] e packaging of citrus fruits and vegetables. Other Eo_u_osnm

will be studied as ne i iliti
will| ed arises and as facilities and personnel are avail-
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PRODUCING DISEASE-FREE
VEGETABLE PLANTS

by
P. A. Younc and G. H. GODFREY

s Ph. D. in Plant Pathology in 1925
He did research in Plant Pathology

i he has been
State College from 1925-35. Since 1936 .
Wm H%mwﬁmm% m% the Tomato Diseases Laboratory mﬁ Jacksonville,
Texas performing outstanding work on tomato diseases.

i i i thology at the
 G. H. Godfrey obtained his Ph. D. in Plant Pa

wwrmwnwﬁ of imoosmg in 1923. wwm Wmmbaoww ﬂﬁ%ﬁwwww&mw%
on State College, U. 5. D. A, .
MM&MM%M %Mmmwbu_m Canners and California. He has been ﬁmw.muﬁ
Pathologist at the Lower Rio Grande Valley Experiment S wnHMM.
of Texas at Weslaco since 1937. He has done work on %wﬂm 0 e

diseases of plants, seed and soil disinfectants, and vegetable, co

ton and citrus Pathology.

Dr. P. A. Young ovammu.ma .E
at the University of Illinois.

i : i d is
reduction of disease-free vegetable .w_&:m in the seedbe

a Mwmﬁmw of primary importance to Lower Rio ﬂnwsmm Valley mwnn..ﬁmn.m.
It is important to him for his own field plantings. In s&mwc_m:.r it is
important to the building up of a good reputation .mOa the <M~_ ey as a
source of supply of reliable plants for which there is Huo:w:m:w w\w a con-
siderable demand in east Texas and other points farther nor th. m..o,wm
er would not knowingly set inferior plants in his own fields. It émﬁi_
handicap him from the start. His growing costs would be just as high
and probably higher than with first quality plants, and crop nmgmﬂm
would be substantially less. Exactly the same damage is .&o:m ﬁ.o e
buyer of inferior plants for setting in oﬁ.rma _oom.rsmm.. While tomato M
the major plant concerned, there is also interest in onions, omvv,mmmmwﬂ
other crucifers, peppers, eggplant, and sweet potatoes. This @mwmn_. mvm__ s
primarily with the steps necessary in the production of sound, reliable
plants for shipment.

Tomatoes

Tomato plants, if properly grown, dug, and wmo_wmm‘ ship better
than some other plants. An unfortunate ill-repute for V mzwv?mao&s to-
mato plants has developed as a result of improper management ‘in one
or other of these respects. Brief case histories o.* ~certain  shipments
of plants might emphasize the reasons for this ill-repute and point
the way toward overcoming it.

Truckers have, in the last several years, independently and with-
out supervision of any kind, bought plants from Valley growers, hauled
them to the Yoakum and east Texas tomato areas, and sold them at a
good profit. . .

ith i terns, were

Many of the plants were dug with S.mmmw:mﬁm root sys ,

carelessly packed, and arrived at their destination with dry dead roots.

Only about half the plants have survived m.: the mmHE in most years,
m<MN though aided by rainy weather following planting. In the spring

—166—

of 1948 the market for plants was especially good because of failures in
the local hotbeds and cold frames. That season, which was dry, about
90 per cent of the plants died in the cold frames and fields. Extensive
losses were incurred by the growers.

Another example is the extremely serious loss in the-east Texas
tomato area brought about in the spring of 1945 by bringing in Valley-
grown tomato plants infected by late blight. Late blight, usually- rare
in the Valley on tomatoes, occurred scatteringly in 1944, and destructive-
ly in 1945. An early season change in weather to dry conditions, how-
evre, checked the disease in the Valley, and most fields produced good
crops. A few truck loads of plants, some of which carried infected plants
were hauled to east Texas and became widely distributed. The disease-
got started in that section, with favorable weather there, and be:
came destructive.

One more example will suffice. In this case, some hundreds of-
thousands of tomato plants were being grown under contract for ship-
ment by air freight to New Jersey, where they were to be planted for
the canning industry. One shipment, made without adequate inspection
in the growing field, was condemned and destroyed in its entirety at des-
tination, because most of the plants were infected with collar rot. The
losses, of course, were great. They included the cost of the plants them-
selves, the transportation costs, and the potential yield that might have
been made had the plants been healthy.

~ All these examples cited were preventible. In the consideration
of the problem of production of disease-free tomato plants for shipment,
several diseases must be watched for and controlled if any of them are
found.

Late blight: This disease, though as stated, not usually occurring
in the Valley, is potentially the most destructive. It is manifest by
tender, brown to black water-soaked areas on the leaves, leaf stems, and
plant stems, accompanied by a silvery-gray mildew. Affected spots will
more than double in size over night. Stems are made brittle, and fre-
quently the whole plant will fall to the ground. The disease is caused
by a specialized strain of the same fungus that causes late blight in
potatoes, and is apt to occur only in a cool moist spring.

Early blight: The disease is distinguished by brown to black spots
on leaves and stems. ranging from % to % inch wide. Older spots usually
show slightly raised circular rings. The spots may girdle leaf bases or
side branches, causing the entire leaf or branch to droop and die.
Spread is rapid in warm humid weather with heavy dews at night, and
under extreme conditions plants may become defoliated.

Collar rot: This is an extreme manifestation of early blight in
which stems are affected near the ground line, resulting in partial or
complete girdling. Many plants die in the field. Partially affected plants
will show, after planting, continuation of the development of the stem
lesion, resulting in death of the plant in the field; or at the very least,
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will initiate early blight in the planted field.

Gray Leaf Spot (Stemphyllium): This disease is .orw;oﬂoiw.&
by rather small (% to inch) spots on the leaves, showing a grayish
dead area in the center. It occurs in seedbeds, in the young rows in
the field, and in planted fields. It causes dying and dropping of lower
leaves; and infection spreads upward so that eventually even terminal
leaves of large plants are affected. In the commercial field, the season
of profitable fruit production is shortened and total yield reduced.

Bacterial spot: This bacterial disease, distinguished by very small
brown to black spots in leaves, stems, and young fruits, is very des-
tructive in fields in rainy seasons. It is a seed-borne disease, and is
transmitted on the seed to the seedlings, by which it is spread to the
field.

Septoria blight: Leaf spots usually % inch in diameter, with
brown to black borders and tiny black spots in the centers, are the
distinguishing characters. Fortunately this disease is rare in the Val-
ley. It is one of the most destructive of the tomato disease in northern
tomato producing areas.

Nematode root knot: The swellings or knots found frequently on
tomato roots are caused by the root-knot nematode. If plants are af-
fected in the seedbed, the nematodes in the roots will remain alive if
the root remains alive. The nematodes will continue to develop to the
egg-producing stage, which insures heavy soil infestation wherever the
plants are set. Plants for shipment must be free from nematode root

knot.

Mosaic: Tomato mosaic occurring in the seedbed is certain to be
transmitted to the field. Plants infected when young are unproductive.
They are also a source of infection for spread in the field. Serious
occurrence of tomato mosaic in the field has been traced to introduced
plants. Since many weeds are infected with the same virus that causes
tomato mosaic, an important control measure would be the destruction
of all weeds around seedbeds and fields from which plants are to be
taken. Handling of suspected plants should be at a minimum, as the
disease is transmitted by contact. Insect control is also important.

It is not the purpose of this paper to present too discouraging a
picture as to the possibilities for producing healthy tomato plants. Often
with ordinary good care an entire planting may be brought to the dig-
ging stage of growth without the appearance of any of the diseases
Thentioned. However, the finding of any one of these six tomato leaf
diseases or of root knot or mosaic in the plant bed is sufficient to raise
question as to the marketability of those plants in other sections. Rig-
orous inspections, and when necessary, preventive and control meas-
ures are called for, from the start.

Procedures recommended below, if judiciously observed, should
except under extremely unfavorable conditions, insure the production
of first quality disease-free plants. And there is, potentially, an increas-
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ing demand to be met at prices that would insure oom rofits to th
grower of them, when it becomes generally _Soccm Em% really: moom.
plants are to be obtained. This might be called a 10 point program.

1. Selection of field.

_A virgin field is best. If a previously cropped field must be used
previous crop history should be known. Any field known to have been
infested with nematodes or wilt should be avoided unless special meas-
ures m_.uov as soil fumigation have been used at the right time. Even
a virgin field does not guarantee freedom from disease since some
diseases are introduced on the seed. v .

2. Seed treatment.

~ The planting of treated seed should be much more general than
it is, Some seedsmen sell treated seed only, and this is indicated"on the
seed @wo_e..mm. When in doubt, a valuable extra precaution is to treat
the seed with Yellow Cuprocide by mixing 2/5 ounce of the dust per
pound of tomato seed and shaking them vigorously together for a few
minutes in a tight can. The cost is only about 5 cents per pound. The
treatment not only destroys much of the seed borne disease infection
but also protects the seed from rotting in cold wet soil. : |

3. Selection of variety.

The correct variety for out-of-the-Vall i

- . -of-the-Valley demand will probabl
Wm__@,:ooaﬂw in m&%m:om. wmwm Texas wants Rutgers, Marglobe m:% mﬁo_,.wmvu
dale. er sections will of course specify what they w: Ffore pl:
e e e pecify ey want before plac-

4. Planting.

Too thick planting increases the danger of foli: iseas
does basin-planting, in which irrigation Bmw% be Ewm_mooﬁwwummvnmowm
air movement helps greatly in reducing leaf diseases. Plant »w_woi 25
seed per foot of row. There can be double rows on the 7m&.mww to 40
inch centers), or beds may be 18 to 20 inches apart with irrigatior
furrows between. een

5. Irrigation and Cultivation.

Keep the plants growing by providi
. . y providing plenty of water and good
Ncm.om .oosa.no_. Avoid flooding the plants, as flooding spreads &mwﬁm.
E%. ermore plants too long in saturated soil will drown and die, Avoid
MM tivating when the plants are wet, as this also spreads disease along
e row. B

6. Insect control.

. The recommendations given are those of Dr. G. P. Wene, Entomol-
ogist of m._.m L. w G. Valley Experiment Station. Flea beetles and thrips
are sometimes injurious at plant emergence. At the first indication —om
their presence use 5 percent DDT dust. Under Valley conditions
cabbage worms (principally loopers), tomato fruit worms, and :::v“
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worms may appear at any time up to 8 inches in height of plants, The
same 5 wownmmw DDT dust is used. If garden flea hoppers .should ap-
eedbed (of rare occurrence), use 1/10 percent pyrethrins

pear in the s
d pyrethrin dust, or 5 percent DDT.

from an impregnate

1. Disease Control. ,

Most fungicides may be combined with the Hmncaigmmm in-
secticides for application at the time of the first ms&omaoz om.ﬁrm
presence of one of the foliage diseases. An early m@ﬁfcwﬁos (2-inch
height) of a fungicide is advisable. It will check a primary center om
infection that may not even be visible. Follow with one or more appli-

cations as needed until just before time for digging. Good safe fungi-

cides are the various coppers such as Yellow Cuprocide, COCS, Cop-

per-A, and the basic copper sulphates, and the new organic fungicides
of which several are on the market. All have been shown to be effective
in checking the spread of the tomato foliage diseases. Applications of
any of the fungicides in particular must be thorough, covering the entire
plant, top and bottom.

8. Inspection.

Inspection procedure should include aid in the selection of the
field well in advance of planting, at least two inspections in the growing
season, and one at digging time. If the plants are to receive State Cer-
tification, all inspections must be by a State Department of Agriculture In-
spector. At digging and shipping time he should certify only first quality
plants, ie. sturdy disease-free plants from 5 to 7 inches in height, with

good live roots.

9. Digging.

Plants of the right size should be dug or plowed out in such a way
as to loosen the soil to a depth of at least 3 inches, in order to be able to
get as much of the root system as possible and to shake out the adhering
soil. The plants never should be pulled from hard soil, or bruised in

handling.

10. Packing.

Tomato plants for shipment and sale should be packed to stand
upright in bushel baskets or other containers with their roots on a layer
of wet sphagnum moss 1 to 2 inches thick. The leaves should be kept
dry. About 750 to 1000 tomato plants 6 inches tall can be packed in a
single layer in a bushel basket without injury. A fair estimate of the
number of plants should be written on the container. Tomato plants
should never be shipped with dry roots, since it is well established from
East Texas experience that most of such plants die soon after transplanting.
It has been reported from the Yoakum area that, all planting conditions
being equal and at the same time, locally grown transplants from the cold-
frame, with better and more complete root systems, will get off to a faster
start by several days than the best of the purchased plants brought in
from the Valley. So it behooves the Valley growers to provide the “best

possible.”
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SEEDBED DISEASE PROBLEMS OF OTHER VEGETABLE CROPS
Crucifers.

Omvvwmmv cauliflower, and broccoli plants can be sold f
Valley for transplanting elsewhere. Certain diseases often mMEmmwoW_mmM
%m the seedbed and in the field. Plants for sale should be free from
isease.

Black rot of crucifers: This bacterial disease is cha i i
severe cases by distortion of the plant, heavy leaf fall, and Emﬂ.ﬁ%ﬂoﬂma%
tion within the stem and leaf ribs. Infection may arise in the seedbed
in two &mon.mbn ways: by direct seed transmission, and by planting the
seed in previously infested soil. Extensive secondary infection shown b
leaf-margin yellowing and black leaf-blade veins may arise along EM

lant row from contact with soil or water that has become contaminated
vnmﬂmw %u%._m::mwoﬁmm plants. Cabbage worms also transmit the. causal
um. -

Seed treatment is the only remedy. Ordinar faé isi
mm.oﬁm.za do not penetrate m:mmwmm:zv\ WMU kill ﬁr%\ MMMMN_«MH@“WMMM :M
within the seed coat. The most practical treatment for this section is
bichloride of mercury at 1 to 1000 concentration in water (1 ounce to 7%
gallons). The seed is soaked in a loose bag for 20 minutes, then rinsed in
water and spread to dry. It should be planted soon after it is dry: on the

surface. Either too long a soak or drying too greatly after rinsing ;often -

results in greatly reduced germination. Seed beds should b
should never be planted in a field i ‘whi ack 1ot i bn oAt and
e e e Blanted ield in which black rot is known to have

Downy Mildew (Peronospora parasitica)

) Downy mildew is very common in cruciferous s
_A.Emm. It causes small specks that later develop to _mnmmw Nmuﬂmwomfhw
E?o.@ E.Emé on the lower surface. Many seedling leaves are killed
and if the tiny growing point is affected, the entire plant dies. The disease
is controlled practically in the seedbed by dusting with a copper ?zmﬂ.owmm

or one of th i i i i
mos\:vw :ﬂ. Em <M. new organics. Rapidly growing plants usually outgrow

Black Leaf Spot (Alternaria brassicae)

This disease, manifest b i
S y rather large black spots with spores of
Mu.o fungus mniw_o?:m on g% leaf surfaces, while :wn very oo%B,%” mM
e see ca@, is one of the diseases that must be watched for in order t
avoid carrying it to the field. °

. General recommendations for crucifers: All thr £ the ifer
diseases listed may under favorable oosﬁ:aM:m (several memmom MM:MHMWMH
rain or mist) become highly destructive in the field. Downy mildew in-
fection may spread from the lower leaves to wrapper leaves, where the
wmoﬂm unite to form large unsightly dead areas. The same is true for black
eaf spots. One particular case of the latter is remembered in which a
potential 18-ton yield (judging by previous achievements in the same
area) was reduced to 3 tons of Iow grade cabbage. Field control measures
are costly and only partially effective. (Dusting with fungicides. has
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reduced but not eliminated wrapper leaf infection.) All three diseases may
become transportation problems. Wrapper leaf infections will continue to
spread and kill leaf tissues, permitting the entrance of soft-rot bacteria.
Control of these diseases in the seedbed by fungicidal dusting and’ dis-
carding badly diseased plants at plant-digging time is recommended.

Onions

Onion plants for shipment to other producing areas are often
obtained by thinning the plants at just the right stage, in a W_Emmm field.
At the right stage the bulb is well formed, roots few in number but rudi-
mentary roots ready to develop rapidly when ﬁwsm%_wsnwm. In one case
under observation the well organized crew worked efficiently, leaving the
field plants well spaced, packing the plants upright in open crates, and
hauling them away without undue delay. It was said that the lants were
well received in North Texas. At the time of collection the field was dry,
leaf blight had not yet appeared, and thrips were uncommon. In another
case, holding the plants in the boxes as long as a week or ten days
appeared to kill out all thrips infestation. Onions will stand holding better

than plants without bulbs.
Sweet Potatoes

State laws and inspection service already are functioning for the
production of healthy slips of sweet potatoes. The rules for raising certi-
fied plants include:

(1) Inspection of the field in which the seed potatoes grew to
determine T.mm%oa from Fusarium wilt.

(2) Treating the seed potatoes with mercuric chloride or Semesan
Bel to control black rot.

(3) Avoiding the use of manure in the soil in which the tubers
are bedded: ,

(4) Certification of the slips for freedom from black rot before
sale.

(5) Only tubers at least 1% inch in diameter should be bedded.

The tubers should be nicked with a knife near one end for examination.
Only tubers with yellow to orange-colored flesh should be bedded.
"ellow-flesh tubers have better flavor than white-flesh tubers. Potato
strings should not be bedded as they can produce only spindly slips of
poorest quality. Bedded strings for slips causes degeneration of the seed
stocks and poor yields in fields.

Other Crops

Shipping of plants of other crops is probably not extensive. Pepper,
eggplant, and celery should be considered. All are.very susceptible to
nematode root knot. Pepper is subject to many of the diseases that occur
on tomato, and the same procedures would be followed in their control.
Eggplant yellows, a virus disease, is very common in the Valley. Even
before it was discovered that it was a virus disease, it was found that
repeated dusting with sulphur in the seedbed would prevent its occur-
rence. Celery is very subject in the Lower Rio Grande Valley, to a leaf-
blighting disease known as early blight (cause Cercospora apii). Re-
peated and frequent applications of fungicides are necessary, once it
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gets started. Freed isease i i
e om from the disease in the seedbeds is necessary with

SUMMARY

The production of health
i . > y vegetable crop seedbeds is import:
Mw %w:%om%%%—% %ﬂoms_wm :m the deep South from two angles. It is mbQMnMMM
eld plantings, since it is a first step in th i
of a profitable field crop. It is im Ting 1w of a good
. { . portant to the building up of
reputation for his section as a source of 1 I S s
which there is considerable demand f D o aeiable plants for
and for shipment to north i
areas. Information is given on the nat f th O rocucing
areas. Information is give nature of the pests and diseases apt to
eedbeds of various crops and
combatting them. Recommendations ar D ding. (e g,
omb . . are made regardin i
digging and packing of plants for shipment to o%mnmﬁmmm.m the growing,
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The First Survey of the Freeze Damage in 1949 and
Recommendations For Care of Damaged Trees

A committee of technical personnel was appointed by the Rio
Grande Valley Horticultural Club to make a valley-wide survey of the
damage to citrus trees and fruits caused by the freeze of January 30th
and 31st, 1949. Membership of this committee was confined to that
of personnel from State and Federal Agencies. The purpose of this
committee was, first; to determine the extent and type of injury to
the trees in the various areas of the Valley, the relative amounts of dam-
age to different varieties of citrus, and to varying ages of citrus trees,
and if possible, to find the reasons for difference in damage in the various
areas or groves. Second; to make recommendations to the grower re-
garding the best methods of caring for damaged trees. Third; to pre-
serve a record of the weather conditions, the conditions of the trees.
the type and extent of injury, and eventually, to record the results of
treatments used on the trees.

This committee examined some 300 orchards, averaging about
40 acres each; 132 of these were surveyed in detail. The extent and
damage to the fresh fruit on the trees, and the effect of the freeze on
the fruit for processing are included in this report. See Figure 1.

It was realized by this committee that at this early date, the full
extent of the freeze damage could not be determined. Accordingly, this
survey should be considered as preliminary in nature. It will be fol-
lowed by one or more other surveys until the full extent of the freeze
‘damage has been determined. It is planned that a second report
on the freeze damage will be included in next year’s Proceedings of
the Rio Grande Valley Citrus and Vegetable Institute.

This survey was made Feb. 15 to 17, 1949. That part of the commit-
tee working on the trees made a rough survey of the Valley as a group
on the first day, after that each committee member was assigned to a
certain section of the Valley. Each member was given form sheets to
complete. This form is shown in Figure IL :
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FREEZE DAMAGE SURVEY
IN ;
THE LOWER RIO GRANDE VALLEY
Date. 1949

Variety:
Age:
Owner: .
Location:
No. of trees:
Banked: Yes— No
Soil type:
Special Conditions:
Trees inspected (Tally):
Flush started before freeze. (%)
Defoliation. (%) ‘
Bark cracks. (Scale 0 to 5)
Trunk:
Framework:
Dead wood. (Scale 0 to 5)
Terminal:
Round:
Y2 inch:
1 inch:

Signature

FIGURE 2

Weather Conditions During the Freeze

On Saturday afternoon, Jan. 29th, the temperature dropped Ew_m€m.
There was some sleet and rain which froze on the leaves mmi ?:r‘o
trees and on the ground, accumulating as much as a vn:. inch omA _om
in exposed places. Under the prevailing low temperatures, ice .2._:.,::2
during Saturday night and Sunday. The sun came out for some two
hours on Sunday afternoon raising the temperature and melting a part
of the ice, especially on the south side of the trees. Sunday night was
clear and still and the minimum temperature of the freeze was recorded
as shown in Table I. The weather was overcast and o_o:&vﬁﬁz day
Monday after 9:30 in the morning. The weather mw»anv wet with mists
and light rain almost continuously until the following Tuesday, Feb.
Sth. As long as the trees were wet and the ~mm<¢.m did not dry, the trees
had a fairly green appearance and it was believed that the damage
would not be very severe. The sun came out on Feb. .m»r. This ac-
companied by a dry breeze caused leaves to fall very a.m?m:% from the
trees. From this time on the indications of damage continued to mount.
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Injury to Young Trees

Young trees which had been balled and were being held ready for
planting, and those which had been set out in the field but had not yet
started to grow, were not injured whether they were banked or not,
except that they were defoliated. This is shown in Table II.

TABLE 1

TEMPERATURES AT FRUIT-FROST STATIONS IN THE LOWER
RIO GRANDE VALLEY DURING THE FREEZE OF JANUARY, 1949

ission
ission

Dr. Beatty

N. M

Brownsville
San Benito
Harlingen
Raymondville
Mission
10 Mi,

Falfurrias
Rio Grande City
Weslaco Exp. Sta.
Goodwin Tract
Baker-Potts Nursery
Pride of Texas

12 Mi. N. W. M

Jan 28 8:00 am. 37 34 34 34 33 35 32 36.36 34 34 33 34
10:00 am. 34 32 34 33 30 34 32 35 35 34 34 33 34
Noony 33 32 34 32 32 32 32 34 34 32 32 33 32
2:00 pom. 32 31 31 30 29 31 32 36 30 30 33 30 32
4:00 pm. 30 28 31 32 29 32 33 34 32 20 33 30 33
6:00 pm. 29 29 32 31 29 31 32 33 32 30 32 30 32
8:00 pm. 30 29 31 31 28 31 31 32 31 29 31 30 31
10:00 pm. 30 29 31 30 28 30 29 31 31 29 30 29 31
Midnight 29 28 30 29 28 28 29 30 30 28 29 29 29
Jan. 30 2:00 am. 28 28 30 28 27 27 28 29 29 28 28 28 28
4:00 am. 27 27 30 26 26 26 28 28 28 27 27 27 27
6:00 am. 28 27 29 26 25 26 27 27 27 26 27 26 26
8:00 am. 26 25 28 27 26 26 26 26 28 26 26 26 27
10:00 am. 26 26 28 26 25 25 29 28 27 26 27 26 25
Noon 27 25 29 28 26 26 33 31 28 27 30 27 26
2:00 pom. 28 27 30 31 28 32 36 40 30 28 33 28 31
4:00 pm. 30 28 32 35 32 38 38 38 34 32 28 32 35
6:00 pm. 31 32 32 35 33 35 34 33 37 34 32 31 38
8:00 pm. 29 28 28 29 28 28 30 25 30 26 25 27 29
10:00 pm. 27 27 27 27 26 25 26 24 27 26 24 27 25
Midnight 26 26 27 25 23 23 24 23 26 27 23 26 24
Jan. 31 1:00 am. 26 25 26 24 24 23 23 22 24 25 23 25 24
2:00 am. 25 24 25 23 24 22 22 22 25 24 21 24 23
3:00 am. 23 23 23 22 24 22 21 20 26 22 21 22 23
4:00 am. 24 22 23 21 23 20 23 20 25 22 21 22 22
5:00 am. 24 22 22 21 22 20 24 19 22 21 20 21 21
6:00 am. 24 22 23 20 20 20 22 18 20 20 20 22 21
7:00 am. 25 23 24 20 20 20 21 18 20 20 23 22 22
8:00 am. 26 23 28 22 27 25 20 26 23 20 28 26 25
9:00 am. 28 25 33 30 32 31 35 33 29 25 33 34 31
10:00 am. 34 32 38 34 41 37 40 37 36 32 38 38 37

Courtesy of Brownsville Weather Bureau
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TABLE II
FREEZE DAMAGE ON TREES UNDER 1 YEAR OLD

gy
m co| coco
L]
(2
|
e
— A
@ 8
va oo [T-R 2 R"e)
g
]
il
Y
N oo [ToRToNlo]
—
2 co 0w
RN
=]
o
2
o
_%vd
al5 co| www
[*]
@
-
-]
m 10 WL
. oo
E
Q
=
&
i
ﬂm o o0 coC
e8| 8 28l =28
T =
a4 O
MR
5
1
m of 2z ZZ! mm@am
&
w0
§ | g8 = | mee
< 25
W
£} NN
mm
58l S SE|O2EE
Lo | o
[77]
2 2
23858 K
KA oS =
ISR 1 I | S I
£ o aak = =]
EC°S5§500uC O
mmtnnaamaﬁm
- ssEs
-y MGGOOmmeGm
1 ] @
kK] kK
> Agesserlurry>
—178—

Degree of damage
0 — no injury

1 —

2 —

3 —

4 —

5 — very severe

Injury to Trees 1t 4 Years

For the most part, trees one to four years old in all areas were in
an active state of growth. There were a few exceptions, notably in the
Delta Lake section. All of these trees in active growth were badly
injured. Practically all of the one and two year old trees were killed
to the bud union, and sometimes to the ground. These which were
in active growth, the bark of the trunk and framework was split badly.
Although mold was present under the loose and split bark, in many case=
the bark was found to be alive and healing rapidly. Most of these
trees were quite badly injured and many were killed above the crotch.
No banked trees were found which were injured more than a few inches

under the soil. The data collected on trees 1 to 4 years old are shown in
Table III. .

Injury to Trees 5 to 10 Years

Approximately 80% of the trees from five to ten years old were
in active state of growth at the time of the freeze. The branches smaller
than one inch in diameter were largely killed, had dead leaves clinging
to them, (Figure III) and many splits occurred in the bark of the
trunk and framework of these trees (Figure IV). The 20% of these
trees not in active growth, were defoliated in varying degrees and cther
injury was limited to a few small twigs. These factors were apparent
from general observation as well as from the data shown in Table IV.

Injury to Trees Over 10 Years

In most areas those trees over ten years of age were either dormant
or just starting to grow in the tops and damage to those trees was di-
rectly in proportion to the amount of new growth. Mature trees with'no
new growth, showed little injury except defoliation in varying dégrees,
and slight damage to the terminal growth, Where trees had miv\ a
small amount of new growth, they showed damage to the terminal. twigs,

but had little other damage. The data collected on this age group are
given in Table V.

In some areas the trees in general were growing more actively
than in other areas. In the Progreso and Raymondville areas, groves
were generally in a state of active growth, and therefore, suffered more
damage than in some other sections. Mature groves in an actively’ grow-
ing condition, were often damaged to the extent of being killed back
to branches one inch in diameter. The mature groves in the Delta Lake
area had a high degree of dormancy, and therefore, showed less damage
than trees in most areas. Other areas, particularly the Mission area, had
some groves in active growth (see Figure V) while others were dormant;
thus there are groves with varying degrees of damage.
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FREEZE DAMAGE ON TREES 1 TO 4 YEARS OLD

TABLE 111 Dead Wood Splits
T - Banked |Percent Leaves{.__ — e T B F k Trunk
Variety YAez:s Acreage or "Not Killed Tetminal | Round ¥ 1 ramewor
0
DORMANT TREES 100 1 0 0 H 0 0
Marrs Or. 3’/2 gg ﬁ 100 0 g g g 0 0
Marrs Or. 5 35 N 100 g 0 0 0 0 0
Red G, A 40 N % ) ,
GROWING TREES - 5 B 100 5 3 3 3 3 0
Red Gft.. i3 H B 100 5 5 5 5 5 2
Valencia Or. 3 100 B 100 2 s 4 4 4 3
Red Gft. 2 1 N 100 H H 4 4 4 H
Red Gft. H 1 N 100 3 2 2 2 2 3
Valencia Or. 3 3 N 95 2 9 2 2 ‘
Hamlin Or. 1 3 N 95 g 5 2 2 2 g
Yelencia or. 3 3 3 100 Dead to Bank - 3 1
Orange 1 10 B 80 E 5 3 2 2 %,
Orange n - B 100 g 5 5 3 5 3
Valencia Or. W 1/3 B 100 o 5 5 3 3
Meyer Lem. A B 100 2 5 5 5 5 2
L yamarer : ; : i S| meatomad | | ° )
® ggg gﬁ H x 1‘% . ; Killed to Bank 0 5 2
el . K
T ek w | B ¥ g 1o Bank
Red Gft. 3 20 B 100 Killed to Bank o
Red Git. 3 I8 B 100 5 5 5 5 3 0
y!:{egglam? Cleo 2 5 g igg s 5 5 :
ek &5 o0 SO : : 2 1 Kihed t2 Bank .
Red Gft. 2 10 B 100 5 3 ) 0 3
X:zie'éctlta. or. : 2% g {88 s lgead to grmlmd 0 3 4
Orange 3 10 N 100 H 5 4 3 4 3
Orange n 0 N 100 3 3 2 1 4
Valencia Or. 4 25 N 100 Dead to Bank
Red Git. 2 30 B 100 Dead to Bank
Red Gft. 3 15 B 100 Dead to Bank -
Red Git. 2 40 B 100 Dead to Bank PO
Red Gft. 1 20 B 100 5 5 3 3 4
Red Git. Fy 20 B 100 5 5 5 5 5 5
Red Gft 3 15 N 100 H H 5 5 5 5
Red G1L. ; 80 N 100 Dead to ground
Red Gft H 20 N 100 Dead to ground
Red Git 3 80 N 100 Killed to Bank
el Gt 2 - B 100 Killed to Bank
Hed Git ! % B 100 Killed to Bank
RedGit. . __
TABLE IV FREEZE DAMAGE ON TREES 5 TO 10 YEARS OLD
Variety Years | Acreage| Banked | % Leaves Dead Wood Splits
Age or Not Killed Terminal Round Le* 1" Framework| Trunk
DORMANT TREES
Red Gft. 7 5 N 80 1 0 0 0 0 0
Valencia Or. 7 5 N 80 1 0 0 0 0 0
Foster Gft. 8 10 N 85 2 0 0 0 0 0
Orange 5 2 N 100 1 0 0 0 0 0
Red Gft. 7 ] N 100 2 1 0 0 0 0
Orange 6 10 N 95 0 0 0 0 0 0
Orange 6 30 N 100 2 1 0 0 2 0
GROWING TREES
Red Gft. 6 80 N 100 5 5 4 4 5 3
Red Gft. 6 100 N 100 5 5 5 5 5 5
Hamlin Qr. 6 4 N 100 1 1 1 1 4 1
| Marsh Pink Gft. 6 4 N 100 1 1 1 1 4 1
AN Tiamliq Or. 8 4 N 100 5 5 5 5 5 0
® Valencia 8 4 N 100 5 5 5 5 5 0
I Temple Or. 6 1 N 100 5 5 5 5 5 2
Valencia Or. b 5 N 100 .5 5 5 3 4 0
Red Gft. 6 - N 100 4 4 3 2 5 1
Valencia Or. 6 20 N 100 4 1] 0 -0 0 0
Red Gft. 7 10 N 100 5 5 5 2 3 0
Val. & H:zmlin Or, 6 50 N 100 3 3 2 2 3 0
Red Gft. 5 4 N 100 5 5 5 5 3 5
Temple Or. 8 20 N 100 5 5 3 1 3 0
Valencia Or. 8 20 N 100 5 5 3 1 3 C
Red Gft. 8 40 N 100 4 3 0 0 2 0
Red Gft. 5 20 N 100 5 5 4 3 3 1
Valencia Or. 5 20 N 100 5 5 3 1 3 2
Red Gft. 5 10 N 100 2 0 0 0 5 1
Red Gft. 5 5 N 100 5 5 5 4 5 5
Red Gft. 7 40 N 100 2 1 0 0 3 0
Marsh Pink Gft. 7 - N 100 4 3 1 0 3 0
Orange 6 30 N 100 2 1 0 0 2 0
Red Gft. 6 20 N 100 5 5 4 3 5 3

¢
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TABLE V FREEZE DAMAGE ON TREES OVER 10 YEARS OLD
Age Banked % Leaves ' ”"—:; Dead Wood o ‘l Splits
Variety Years [Acreage or Not Killed Terminal | Round 15 1 Framework ! Trunk
- ge, or Not  Killed __sound A .
DORMANT TREZES N ;
White Gft. 20 20 N 60 0 0 0 0 0 0
White Gft. 12 20 N 90 2 0 0 0 0 0
Valencia Or. 15 5 | N 90 1 1 0 0 0 oo
Marsh Pink Gft. 17 5 N 35 1 1 0 0 0 Lo
Hamlin Or. 17 5 N 35 1 1 0 0 0 .0
Marsh Gft. 17 10 N 35 1 1 0 0 0 .0
Red Gft. 12 6 N 100 1 1 0 0 1 0
Marsh Pink Gft. 20 30 N 60 0 0 0 0 0 0
White Gft, 12 5 N 95 1 0 0 0 0 oo
. Dancy Tang. 15 2% N 95 2 0 0 0 0 i 0
Marsh Pink Gft. 17 - N 95 1 0 0 0 0 0
Valencia Or. 16 13 N 90 1 1 0 0 0 ) 0
White Gft. 22 13 N 90 1 1 0 0 0 0
| Marsh Pink Gft. 21 13 N 90 1 1 0 0 0 0
=  White Gft. 18 40 N 70 1 i 0 0 - 0 0 0
@ White Gft. 18 40 N 98 1 1 0 0 0 0
T’ Marsh Pink Gft. 18 40 N 95 2 1 0 0 0 0
White Gft. ;14 40 N 97 2 1 0 0 0 -0
White Gft. | 18 40 N 95 3 1 0 0 0 0
GROWING TREES o ) [
Eureka Lem. Rt 5 N 100 5 5 5 4 3 i 0
White Gft. .20 20 N 100 5 5 4 4 0 10
Eureka Lem. i 15 1 N 100 5 5 2 2 2 0
Red Gft, P12 5 N 100 3 2 0 0 3 1
Meyer Lem., Red |
& Marsh Pk. Gft. l 12 20 N 100 5 5 5 2 1 0
Temple Or., White |
& Foster Gfi. 17 40 N 100 5 5 5 3 3 0
White Gft. .14 40 N | 95 2 1 0 0 0 0
Duncan Gft. '15 40 N | 100 5 5 3 1 0 0
White Gft. | 2 10 N | 98 4 3 1 0 0 0
White Git. 20 40 N i 100 5 5 3 0 0 0
White Gft. 20 5 N | 95 2 1 0 0 0 0
White Gft. 20 N ! 100 5 4 3 0 0 0




ta Lake area, the mature orchards (over 10 years of age)
Esmo“us wgmm_.w_u W__.mwmﬁwm and fertilized regularly and 2m2_w in a A&Hoﬂ.BmM“
condition, suffered the least damage. In those areas where water nwc s
scarce, and where the trees were wzoim.m to vmooBm dry in mciamqw.ﬁ.w
received water in the fall, they were in an actively mBéme condition
and were badly damaged by the freeze. On the oﬁrm...rm:amw many M@%:m
groves (1 to 7 years of age) which had been kept in a dry con _w ﬁ.Eu
and which had not been fertilized to :S.Fm them grow, were not in
jured as severely as those which were being forced.

This survey showed very little difference between <w:_m%mmrom
oranges and grapefruit in their resistance to injury by ﬁrM o%r w M:
groves of the same age and state of growth were compared. ‘1hese 0 m
servations were made principally on Hamlin, Valencia, Joppa mn_
white and pink Marsh grapefruit and red grapefruit. Approximately
75¢% of the red grapefruit trees in the Valley were young qMam in an
active stage of growth and they were badly mmgmmmm. They m.u :OM »w-
pear to be hurt worse than many young Valencia orange trees o <ﬁ _m
same age and state of growth. Some adjacent plantings of young Val-
encias and red grapefruit showed more damage on Valencias than m:
the grapefruit. Others showed more on the red grapefruit than on the
Valencia. The main factor involved appeared to be the extent of new
growth and not the variety. Most white and pink Marsh groves are

FIGURE V
. I . w-
Fifteen year old white Marsh trees at Mission which were gro
ing mn»me:. before the freeze. Dead leaves are shown clinging to
dead twigs and branches. Picture taken February 17, 1949.
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above 10 years of age and were dormant, thus showing less injury than
young actively growing red grapefruit trees. In the few old red grape-
fruit groves in the Valley, the tree damage was not found to be more
severe than that on comparable white or pink Marsh trees.

Temple oranges, limes and lemons were, in most instances, killed
back to the larger limbs. They were, in practically all cases, growing
actively.

Although it was clearly evident that the main factor affecting tree
damage from this freeze was the state of growth, there was ample evi-
dence that dormant old trees in poor condition, or low vigor from salt
or boron excess, and from psorosis and gummosis, sustained more damage
than dormant trees of comparable age and in good health. In many of
the trees in low vigor, it was difficult to correctly ascertain the extent
of damage caused by the freeze, as many of them were partially defoli-
ated and had considerable dead wood before the freeze. Nevertheless, a
careful inspection of normal and “salty” groves indicated more leaf
and wood damage on salty than on healthy groves. Also, it was noted
that although new shoots were appearing on sound wood of trees of both
healthy and salty groves, it was slower in developing in the latter.

Effect of Rootstock

Rootstocks apparently have shown little effect on the susceptibility
of the Valley trees to injury in this freeze. One and two year old red
blush grapefruit on sour orange and Cleopatra mandarin rootstock in
the Weslaco area and the Engelman Gardens area. were both frozen
back to the banks. Also, in the citrus rootstock experiment at the Texas
Experiment Station at Weslaco where red grapefruit was growing on 37
different rootstocks in a randomized 10 acre planting, all trees froze
to the bank. The rootstock varieties included Rough lemon, Rangpur
lime, Cleopatra mandarin, sour orange, Savage citrange and others.
The trees were one year old and were growing vigorously.

An inspection of 23 nurseries of the Valley showed that 847 of the
budded nursery trees were killed to the ground. Verv few of these
trees were banked. Wherever nursery trees were dormant and not
growing, even though they were fully exposed. they were not damaged
severely.

Fruit Injury Survey — Made During the Period
Feb. 16 to 25. 1949

A survey of fruit damage resulting from the low temperatures of
Jan. 30-31 has indicated that the degree of fruit injurv was fairly con-
sistent with the severity of tree injury as judged by damage to leaves,
twigs and wood. It seems probable that even where trees were subjected
to comparable temperatures subsequent fruit deterioration is related to
the amount of leaf and twig damage. Time did not permit sampling
fruit from orchards showing all conditions of injury, but definite at-
tempt was made to obtain samples from those orchards most severely af-
fected, and those moderately affected. It is, therefore, felt that a fair
cross section was sampled.
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The data in Table VI show that some damage to the fruit was ap-
parent in all lots sampled. Injury at the end cut was of varying degree
from buckling of partition walls with a few ruptured cells and air spaces
to complete drying and collapse of the flesh. At the transverse center
cut, injury involved from one segment to all segments, but in lots from
the least injured trees rarely more than 2 or 3 segments were affected.
Fruit was scored as injured when distinct separations between segments
were apparent, or when drying or cell breakdown was clearly Sm:w_m
with the segments. A considerable proportion of the m:w: scored as in-
jured would not be classed as showing “marked drying” as defined by
the Federal Food and Drug Administration. As shown in Table VI, in-
jury at %2” below the stem-end was visible in over 50 percent of the
fruits cut in all but one lot. The exception was from trees which showed
little leaf or twig injury. The percent of fruits showing injury at the
center cut varied from 68 to 94 with the best fruit rather consistently from

trees showing the least injury.

External rind injuries were not evident to a serious extent in any
of the lots examined. Most lots of grapefruit showed some browned or
pitted areas which were probably freeze injury. For the most part
these were not serious enough to affect saleability but would involve
a considerable hazard as entrance points for decay organisms.

* Flavor of the fruit was in rather close relation to the degree of in-
ternal injury. Both oranges and grapefruit from trees which showed less
than 90 percent leaf kill were of acceptable dessert quality at the
time examined. Individual fruits showing severe drying or cell break-
down were usually of poor flavor.

Some relation was found between position of fruit on the trees and
amount of injury. Valencia oranges from an orchard which was 60 per-
cent defoliated, showed 66 percent of the fruits affected at %2” under
the stem-end and 5 percent affected at the center when the fruits were
harvested within 3 feet of the ground. Fruits picked at the 6 to 7
foot level showed 95 percent and 13 percent fruits injured at stem-end
and center cut respectively, while those picked at 10 to 12 feet showed
100 percent and 30 percent injury at stem-end and center. Pink Marsh
grapefruit picked within 4 feet of the ground showed 87 percent of the
fruits injured at the stem-end and 47 percent injured at the center,
while those picked at 12 to 14 feet from the ground showed 100 percent
and 50 percent respectively, of injured fruits.

Several test cuttings, to determine whether size of the individual
fruits was a factor in the degree of injury, have indicated that all sizes
were affected about equally. Marsh Seedless grapefruit were selected
from a single tree which was about 95 percent defoliated. The sizes
checked were 126, 112, 96, 80, 70 and 64. No consistent difference in
the amount or severity of injury was noted. Pink Marsh were likewise
selected from a single tree and divided into sizes ranging from 126 to
54. In this variety somewhat less injury was found in the two largest
sizes, but 70’s and smaller showed a very uniform degree of injury. Val-
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TABLE VI

SURVEY OF FRUIT INJURY FROM FREEZE OF JAN. 30-31, 1949
DATA RECORDED FEB. 16, 17, & 18 - EACH SAMPLE REPRESENTS

AT LEAST 50 FRUITS FROM 5§ TREES
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Any degree of visible drying was sc&‘ed whether 1.se

were affected.

ction or_ all sections
segment membranes of- all Valencias cut.
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2 Hesperidin crystals were visjble on



encia oranges in. sizes 150, 176, 200, 216, 250, 288 and 324 all showed
100 percent of the fruits injured at a stem-end cut and varied from 15
to 40 percent injury at the center cut. No consistent difference was ap-

parent between sizes.

Recorded evidence of past freeze experience in citrus growing areas
indicates that drying and granulation of frozen fruit increases with the
passage of time. Data in Table VII covering fruit from the same trees
examined 18 days and 25 days after the freeze tend to confirm previous
observations, Fruit from Red Blush trees, which were relatively little
injured, showed 52 percent of the fruit affected at the stem-end and 32
percent affected at the center when cut 18 days after the freeze. After
an additional week in the trees an examination showed that 58 percent
of the fruit was visibly injured at the stem-end and 60 percent of the

fruits affected at a transverse center cut.

Red Blush trees which were seriously injured by the freeze had i
shown 100 percent of the fruit injured at the end and 94 percent injured :
in the center on Feb. 18. One week later all fruit showed injury at
both stem-end and center. Valencia oranges from trees that showed little

60

2" under Transverse:
58

Exam ned 2/25/49
stem-end Center Cut

v

14

Transverse
32

Examined 2/18/49°

12" under

Fruit Injury — Drying and Granulation
52 ‘

% Affecie_t_i % Affec_ied % Affecied % Affected

Stem-end Center Cut

100
22

100
98

94
14

100
82

evidence of freeze injury also deteriorated materially between Feb. 18
and Feb. 25. It seems reasonable to assume that such deterioration will
continued at a rate at least partially governed by temperature, air move-
ment, and atmospheric humidity.

ned, the freeze apparently caused a
distinct thickening of the rind in grapefruit. All grapefruit cut from
Feb. 14 to Feb. 25 have shown an abnormally thick rind. Some measure-
ments made on Marsh Seedless and Pink Marsh in the Bayview area,
which is noted for the production of thin-skinned fruit, showed rind
thicknesses varying from 3/8” to %2” on Feb. 23. Unfortunately no
measurements had been made before the freeze, but such rind thick-

In addition to the effects mentio

TABLE VII
JANUARY 30-31, 1949
Condition of Trees

After Freeze
Slight leaf kill in tops.

linging, severe wood

injury.
in tops, no twig injury.

l'otal leaf kill, leaves

No twig injury.

Slight leaf kill mostly

ness is certainly not normal for fruit grown in that area.

The Effect of Freeze on Fruit For Processing W

ng the week of cold cloudy weather i
ctory for processing as before the

CHANGES IN FRUIT ON TREES AFTER FREEZE OF

Fruit brought to canneries duri

following the freeze was as satisfa
freeze. With the advent of warm, sunny weather beginning 8 days after

the freeze, decay of fallen fruit set in rather rapidly. Efforts of har-
vesters to salvage as much fallen fruit as possible, led to a decline in
juice quality from that date. This decline was evidenced by increase
in naringen, decrease in acid, and loss of flavor. Yield was reduced to
an average of 21 cases, No. 2 can, per ton, from 28 cases, No. 2 can,

Variety
R. Blush
Grapefrt.

R. Blush
Grapefrt,
Valencia
Oranges

per ton.
i

By Feb. 14, two weeks after the freeze, fruit with severe rind injury i
had decayed sufficiently to permit selection of relatively uninjured fruit
by unskilled laborers. Following this, the quality of fruit delivered to

canneries began to improve.

By Feb. 16, the naringen content had decreased almost to normal,

Location
N. W,

Mission
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N. w,
Mission
N. W.

Mission

' Drying generally more extensive in individual fruits than that found

at first examination.




acid had increased to a safe margin above the minimum required for
Fancy grade and the flavor returned to the level of normal late Apiil
or May juice. Juice yields were variable, some canners receiving more
than 23 cases per ton.

Apparent recoveries of juice based on cases per ton of fruit are mis-
leading, as drying of stem-ends reduces the weight per fruit, and many
more fruit are required to weigh a ton than formerly. It seems probable
that rapid continued drying of fruit hanging unshaded on defoliated trees
may conclude salvage operations by Feb. 25th.

All fruit examined Jan. 31st contained ice, and all fruit examined
to Feb. 17, showed some degree of damage. Some canners believe some
varieties suffered fruit damage more than others in the following order:
red grapefruit, seeded grapefruit, pinks, Marsh white and Valencias.
Such observations, however, were not supported by correlations of tree
age, state of growth, and exposure.

Recommendations

After making the foregoing survey, the members of this committee
unanimously agree that to the best of their knowledge, the following
practices should be followed in caring for freeze injured trees.

1. It is too early yet to determine the full extent of damage in
most cases, therefore, we urge the grower not to be in any hurry to re-
move loose bark from his trees. In many instances, callus tissue is grow-
ing back over those in ured places, (see Figure V1) and they will heal

FIGURE VI

Bark cut away from a split to show callus tissue beneath that
was healing the wound. Picture taken, February 17, 1349.
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better im.ﬁro:ﬂ. being disturbed. Some grapefruit trees may become in-
fected with Rio Grande Gummosis, but it is believed fewer trees will

"become infected if they are not disturbed for a while. It is suggested

that no bark treatment be done until a further report from this com-
mittee is issued.

2. If the trees are small and were not banked and all bark is dead
to the bud union, there is no chance of saving such trees and they might
as well be pulled out and the field replanted or planted tg some other
crop. Trees which have the bark killed more than a third of the way
around the trunk (see Figure VII) usually will not make satisfactory
trees. The exact amount of dead bark cannot be determined at this
time, but probably can be determined by the time pruning operations
should begin. Figure VIII shows the trunk of a 4 year old grapefruit
tree with many small splits. The bark has been scraped with a knife
and was found to be alive and green. The committee believes splits such
Mm a_rwmo should be left alone for the time being and giver a chance to

eal.

3. If the trees were banked and are dead to the bank, the dirt
should be taken down a few inches, exposing a couple of inches of live
wood all around the trees so that new shoots can come out from the
live wood above the ground. The bank should be completely removed
as soon as danger of freezing is past.

FIGURE VII

The bark on the trunk of this 3 i

1 year old unbanked grapefruit
tree had the bark killed two-thirds of the way around m».”_mvwn“_h-r
all the way down to the ground. Picture taken, February 17, 1949.
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FIGURE VIII
The trunk of a 4 year old grapefruit tree showing many small
splits in bark. The bark has been scraped with a knife and was
found to be green and alive. Picture taken. February 16, 1949.
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4. Pruning should not start until well after the new shoots have
come out so that one can tell definitely what tissues have been killed
and sufficient time has been allowed for those splits to heal that will
heal over quickly.

5. Although the committee does not recommend a valley-wide spray
program for injured trees, the danger of sunburn of the bark of de-
foliated trees may be minimized by spraying or painting trunks and
larger limbs with whitewash or a high lime bordeaux mixture. There
are molds growing in many bark cracks, but it is believed that not many
of these molds are disease producing fungi and most of them will
disappear when the wound heals or is treated at a later date.

6. It is believed that orchards should not be given abnormal
quantities of fertilizer, water, or other treatments to stimulate them at
this time. Let them come out of their trouble in a normal ordinary man-
ner,

7. If young trees are frozen back so severely that the crotch or
trunk is badly damaged, a good procedure to follow is to leave the tree
until new shoots come out on the trunk above the bud union. Let all of
the shoots grow until they are well hardened, then thin them out to about
5 well placed shoots. The trunk should then be removed with a sloping
cut downward from the base of the uppermost shoot which we wish
to become a part of the new tree. This cut should be made low enough
so that it is in sound green wood and the wound should be thoroughly
treated with a disinfectant and sealing compound. This type of cut,
properly done and cared for, will heal over rapidly. The uppermost
shoots can be trained as a central leader and then headed back at the
proper height to form a new framework, or several shoots may be left
to form a multiple headed tree.

8. This committee also wishes to again emphasize that when
pruning operations begin, utmost care be exercised in the selection of
materials for treating and disinfecting the wounds in injured trees. Many
materials suggested for this purpose are not sate and cause considerable
damage to trees. No materials containing caustic substances, oil, kero-
sene, creosote, tar, or more than 1%2 to 2/ of carbolic acid or phenol,
should be used. The material commonly recommended is a mixture of
50% of carbolinium and 50% of asphalt (melting point 140 degrees or
below). This mixture should contain from 1%z to 2. phenol or car-
bolic acid. In order to make a 1%2 to 2% phenol content in the asphalt
carbolinium paint, it may be necessary to add additiona! phenol. Added
cuprous oxide, up to 1% of the total, prolongs the disinfectant qualities
of the paint.

9. This committee advises against the importation of citrus nursery
stock from other areas, because of the danger of introducing new dis-
seases and insects. It is also recommended that the grower wait until fall
to obtain any trees from the nursery, since by that time the amount
of freeze damage on nursery stock should become apparent. While
no registered psorosis free trees can be obtained for another two years,

i
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trees for replanting should, in so far as possible, be obtained from re-
liable nurserymen who are trying to eliminate the psorpsis disease
from their nursery stock.

Summary

A valley-wide survey of the damage done by the freeze of Jan.
29-31, 1949, have been made. The results of this survey and descrip-
tions of the damage done, as well as recommendations for treating the
damaged trees, are given.

A study of the data assembled in this survey, as well as many other
observations made during the survey, shows there was little difference
in tree damage in the various sections of the Valley when the tree
conditions were similar. It was clearly evident that wherever the trees
had put out a flush of new growth, or were in an actively growing
state, they were badly damaged.

The committee:

Dr. P. W. Rohrbaugh, Chairma-
Mr. C. W. Waibel

Dr. W. C. Cooper

Dr. G. H. Godfrey

Mr. N. P. Maxwell

Mr. W. R. Cowley

Mr. J. A. Oswalt

Mr. W. H. Friend

Mr. A. L. Ryall

Mr. W. C. Scott
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OPEN FORUM SESSION

One evening of the Institute was devoted to an “open forum” ses-
sion. The authors of the papers presented at the Institute were seated
on the platform to answer questions from the floor and to take part
in any general discussion that might arise. The forum idea was a new
one, initiated at'this, the third Valley Citrus and Vegetable Institute, with
a view to testing its possible value as a permanent feature on the Insti-
tute. Judging by the attendance and the response, its value would ap-
pear to have been well demonstrated. It appeared for awhile that the
session would continue indefinitely!

Mr. C. R. Heaton and other visitors from the East Texas tomato
area contributed much to the discussion on transit losses in vegetables
particularly tomatoes. The lower Rio Grande Valley as-a source sm
supply of tomato seedlings for shipment to and transplanting in North
and East Texas tomato producing sections received considerable discus-
sion. It was emphasized that only strong disease-free @_»:.ﬁm SH.E..mb_m
living root systems were wanted.
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FIELD DAY

&

Lower Rio Grande Valley Experiment Station.
Field day activities were concentrated at the Valley Experiment Sta-
mob,caamnﬁrmmwzﬁ.& _mmmwamgﬁ%é.w. Cowley. Every phase of the

day’s activities was carefully organized in order to handle a large crowd
te motion. Traffic and car parking

of visitors with a minimum of was

were directed by Farm Foreman J. A. Holmes, with the assistance of

Carrol Youngblood, Robert Schwab, Santiago Duran and Paul Smyth.

Visitors as they came into the grounds were segregated into small groups
ders Charles Beasley,

approximately 30) and assigned to group lea
Lo , ther, Gene Goodwin, Leon

m,nm:rwnzbbwambvé.ﬂ. Oo&dwv&.ﬂoaﬂsv\ mowm
Whitaker, and Robert Corns (in charge). Mr. Cowley gave detailed in-
structions regarding the sequence and locations of exhibits about the

Station grounds, and the groups were Jead at once to their individual
starting points. About 15 minutes were alloted to each group for each
exhibit or demonstration, each of which was in charge of a specialist

or group of specialists, as indicated below.

Ornamental Plants, D. E. Kornegay, Baker Potts Nursery, Harlin-
gen, Tex. .
Insect Control Research, Dr. G. P. Wene, Valley Experiment Station,

and Herman Mayeux, Associate County Agent, Entomology,
(for Lower Rio Grande Valley).

Citrus Varieties, Dr. G. W. Adriance and Dr. H. T. Blackhurst,
A and M College.

e Varieties, J. S. Morris and G. R. Williams, Valley Experi-
ment Station, J. R. Padgett, Rio Farms, Monte Alto, and
Dr. J. B. Corns, Edinburg Junior College.

Vegetabl

Irrigation Equipment, Emil Stuter, U. S. Dept. of Agriculture, at
Valley Experiment Station.

Farm Machinery, Morris Bloodworth, Valley Experiment Station.

Citrus Rootstocks, Dr. W. C. Cooper, U. S. Dept. of Agriculture, at
Valley Experiment Station.

Citrus Tree Diseases, Dr. G. H. Godfrey, Valley Experiment Station,
and Carl W. Waibel, State Department of Agriculture.

The fine cooperation on the part of Valley Farm Implement, Machin-
ery, and Equipment dealers is worthy of especial note. One or more men
were provided with every piece of machinery concerned. Firms and
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equipment were:
Weslaco Implement Cor
m &e:. Implemen npany, Weslaco, Tex., represented by Gor-
MSMMM_QME Harvester Implements and Farm Equipment

00 achine i i
Food M ry and Chemical Corporation, McAllen, Tex., by Mr. Herb
an &mes Sprayers and Spraying Equipment

oods Garage and I

ds Gar g mplement Co., Donna, Tex., by Mr. C. F.

J. L. Case Farm Implements

Boggus Tractor Com
pany, McAl
Ford Tractors and Ummnmog MQW‘WSMMQM; by Mr. N. W. Solether.

Boggus Tractor Com ;
pany, Harl
Ford Tractors and UmﬁNoE nm“ mﬂmmmumw.wa; by Mr. Jack Calhoun.

Alamo Tractor Compan
; , Al
Al &y Lractor m.m_,_:ﬁm %&wsnmﬁw“ Tex., by Mr. Orson L. Hendrick.
aﬁzvﬂ, Am..qw%m&? 133 East Highway, McAllen, Tex
: ep”’) Automotive Equipment and wmmm_o.mﬁnm er
. ustafson Manufacturing Co., Corpus Christi, T v
’ e oo i, Tex., by Mr. A. W.
usting and Spraying Equi ]
ing ; &Bﬁ%@ &ﬁ?m quipment, particularly Hi-Veloctiy Liquid
Mr. Newton E. Wigl
. N 1 E. Wigle, 87 West Main St., Ki i i
Wigle Cultivating and Hoeing >#wov5vmumm3m%&ww&%«ﬁmmm » Conada.

Hollon Tractor Com
pany, Me
Ford Tractors and Dearborn WMWW?MMW.V by Mr. Clyde Hollon.

Holt Equipment Com

: pany, Weslaco, Tex.

OmnoW@Emn Tractors, Stationary Engines mwmmwm W?EOQN F. Schober.
quipment prinkler Irrigation

Mr. George B. Russell, 12
Sasie & o Ruse » 122 East Cleveland, Harlingen, Tex.
Oaks Irrigation Equi .
.O&a..m n Equipment Company, Pharr, Tex., by Mr. John E.
W%EM_N&Q. Irrigation Equipment - Pumps and Motors
andley-Langston Implement C
k 0., 1011 High:
Mmmﬂwoﬂﬁﬁs Equipment and Radiant Onmrmﬂmtvmw\ﬂw%mm:v fex
a Implement Com
Graham-Hoeme Eoiw any, Elsa, Tex. .
Stewart Stevenson Servi
ph ) Sm&.po East Highway, M
eneral Motors Diesel Equipment and Sprinkler mmwmwmﬁowamwﬁﬁsm

Followi
Field %u MVWS%NW ﬁwM :wo% barbecue at Weslaco City Park, the after f
of exhibits and i m< o ~8.w general visitor period for further Ew:oos. .
work at Teoas >M%Mm.wﬁ mwmmc.mﬁoﬂ._ with leaders of the different WMMMANM
ley Branch. xperiment Station, Lower Rio Grande Val-
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SESSION CHAIRMEN

General Session, Dec. 8.

Morning session, D. , . .
?:.W pa mﬂw.m_w%. ,W\Mwﬁoxm:%ﬁ president Rio Grande Horticul-

knmw:oocmmm&.ouﬂom istri
.%H.borvbaqﬁk»
of Texas Extension mw_Mmom. et Agent, A. and M. College

Vegetable Sessions, December 9.
Morning session, Cl ilj
no% Session, Cleve Tandy, Port Fertilizer Company, Los Fres-

Afternoon session, Sam Ta
Elsa, Tex.

M<ob~.=mmmmm_.o=ﬁowm=mon:5 B i
Edinburg Junior College, MQWWEW,O%MM.F Professor of Horticulture,

yloe, General Manager Rio Farms Inc.

Citrus Sessions, December 9.
Morning session, Charles Rogers, Grower and Shipper

Afternoon session, C. L. Ska

Weslaco, Tex. ggs, president First National Bank,

Field Day, Experiment Station.

<<.N.Ooim<.>om=m . .
Experiment mnmaoms. uperintendent, Lower Rio Grande Valley
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