Fluorine Toxicity in Citrus

growth retardation and leaf tip-burn accompanied increased
fluorine concentrations in experimental laboratory cultures

Foliage injury in certain fruit tree va-
rieties has been reported as being quite
serious when the leaves were subject to
hydrogen fluoride or fluorine deposits.
Leaf tip-burn resulted in gladiolus plants
when exposure was made to various con-
centrations of fluorine gas. Leaves of
citrus trees located in close proximity
to gaseous sources of fluorine are re-
ported as containing an increased con-
tent of fluorine. Fluorides are known to
occur in certain crude phosphate mate-
rials, the very sources from which fer-
tilizers are prepared.

The present study was designed to
show the effect on rooted leafy-twig
lemon cuttings of various concentrations
of fluorine in the form of sodium or
potassium fAuoride when added to the
nutrient solution applied to silica sand
cultures grown in the glasshouse. The
tests were repeated several times and al-
ways with the same resulis.

A single cutting was grown in each
three-gallon capacity silica sand culture
provided with drainage. Hoagland’s nu-
trient solution was used and contained
as the minor elements: boren, manga-
nese, zine, iron, aluminum, copper, and
molybdenum. Distilled water was used
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Fluarine affect on the growth of rooted leaty-
twig cuitings of Prlor Lisbon lemon when so-
diuvm fluoride Is odded to the nutrient salution
upplled to silica sand cultures. Abeve, loft to
right: 0, 15, and 50. Below, left to right: 100,
200, and 400 ppm fluorine. Lower, axtreman
right: no sodivm flueride but Instead, 485 ppm
sodium aodded as the nitrate,
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Small or narrow leaves of a Prior Lisbon lemon
cutting grown In a silica sand culture, with the
nutrient soluHon contaiming 400 ppm fluoride
added as either sodium or potassivm fluoride,
The two leaves to the left were taken from the
highest fluorine cultures and show a loss in
green color hetween the lateral veins. The
secand loaf from the left shows a few ex-
tremely small burned spots. The two leaves on
tha right are from the highest flvotine cultures
and show severe Hp burn, The extent of the
burna |1 avident in the darkaning of the vpper
half of the midriks; the leaves ore narrow and
puale yreen.

at all times. To the nutrient solution was
added various concentrations of sodium
or potassium fluoride. Hoagland’s nutri-
ent solution used in the control culture
contained 7 ppm—parts per miilion—
sodium and 185 ppm potassium.

The concentrations of fluorine added
as sodium fluoride—ppm—were: 0, 25,
50, 100, 200, and 400. At the highest
fluorine, a concentration of 485 ppm of
sodium accompanied the added fluorine,
and the sedium might be considered as
contributing to the retardation of growth
and injury in the cuttings. An additional

Leaves of sweel orange seedlings grown in

sllica sand cultures supplied with nutrient solu-

tion cantainlng 400 ppm of Aluorine as sodium

or potassivm fuoride. Note tha lass of chloro-

phyll near the leaf tip. New leaves are of re-
ducead slte.
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culture in which the nutrient solution
contained 485 ppm of sodium as the ni-
trate, instead of as the fluoride, indicated
that the concentration of Auorine rather
than that of sodium was the injurious
agent. The illustrations in the first
column show the beginning of growth
retardation at the 100 ppm concentra-
tion of Auorine and the reduced leaf size.
They also show the excellent growth
when the highest sodium used was sup-
plied as the nitrate instead of as the
Huoride.

Several tests were made with cultures
such as these, except that various con-
centrations of fluorine as potassium
fluoride were added to the nutrient solu-
tion, in ppm: 0, 25, 50, 100, 200, and
400 At the highest fluorine concentra-
tion, the added potassium was 820 ppm,
An additional culture was set up in which
820 ppm of potassium was added to the
nutrient as the nitrate instead of as the
fluoride, and the resulis indicated that
fluoride rather than excessive potassium
wasg the injurious factor,

The pictures in the third column
show the effect of the Auorine added as

Concluded on next page

Growth of rooted leaty-twig cuitings of Prior
Lisbon lemen In silica sand cultures supplied
with Heagland's nvirient solution containing
various concenirations of fluerine odded us po-
tassium Aucride. Abovae, left to right: 0, 25, ond
50. Below, laft to right; 100, 200, and 400 ppm
flvorine. Lawer, extreme right: no potasslum
fluoride but insteod, 820 ppm potassivm added
ay the nitrote.
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potassium fluoride to the nutrient solu-
tion. At the 50 ppm concentration of
fluorine, the effects on leaf size and plant
growth were apparent.

Whether the fluorine was added to the
nutrient solution as the fluoride of so-
dium or potassium, a concentration of
400 ppm of fluorine ir the culture solu-
tion was accompanied by severe leaf in-
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jury and defoliation, Under ordinary
inspection, fluorine tip-burn could easily
be confused with the symptoms of chlo-
rine tip-burn.

Numerous silica sand cultures with
large sweet orange seedlings have shown
when the nutrient solution contained 400
ppm of fluorine supplied as sodium or
potassium fluoride that a loss of chloro.
phyll soon becomes evident near the leaf
tip and that the new leaves are of re-
duced size.

A. R, €. Haas is Piant Physiologist, Univer-
sity of Cealifornia, Riverside.
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The above progress report is based on Re-
searck Project No. 1086,
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Gifrs to the University of California for research by the Division of Agriculoural Sciences accepted in January 1955

BERKELEY

Braun, Koecht & Heimaon Co.. ........ ... ... ..., 1 Ib. of Tween 80
For rescarch in biological control in agriculture

E. I. du Pont d¢ Nemours & Co., Inc.. . .1 gal. Folyvinyl Arerare emulsion
For insect biclogy invesrigarions

Various Donors:

Rohm & Haas Co.. .. .. .. ... e ot 8 oz, sample Trieon X-100

Atlas Powder Co. .. ... ... ... ... ... ... 4 oz, Tween 80 and Sorbo

The Dow Chemical Co.. . ..... ... ... ... o viunns 8 oz. Methoce!l
For research in biological cootrol io agriculture

Yelsicol Corporation . .................v..v.. 2 gal, Chlordane 75 E

For strawberry Insect investigations

- DAVIS
American Cyanamid Co. ............... 20 gm. ctystalline anreomycin
Fot nuiritional investigations
California Cartle Feeders Assn. . ... .. ... iuiovniannnan $500.00

For cesearch in animal husbandry, food cechoology, and
home economics

A.D Goodwin & Son. ... ... ... . «...Porrable almond cracker
Por use in studies in pomology

Shell Chemical Corporation ... ... ... ... ... ........... $1,000.00
For research on insect toxicants

Wm, J. Stange COMPANY ... ... .0 uunrrinrrannrennnas $3.000.00

For research oo hematin catalyred oxidative fat rancidity and its
inhibicion by antioxidanes
For research in food cechoology. ... ... 21% Carsup seasoning on onion
and garlic
4% 5 oz, onion chips
6% dehydrated horseradish

Seribling's Nurseries ... ... vt ananaay 400 S-37 peach sceds

wk i IgRLtions

Sugar Research Foundmtion, Inc, ................. ..o $1,500.00
Far the scudy of the role of the aweetener in food preservation

LOS ANGELES
Teanessee Valley Auchority ........... 50 1bs. i hosphate

For use in planz-soil srudies

RIVERSIDE

Shell Chemical Corporation . ..........c.c0 v vneninnann $3,00:0,00
Renewal of Grant-in-Aid for period December 31, 1954 10 December

31, 1955 in support of research on residues of Shell insecticides
aldrin, dieldrin, endrin, and isodrin

Renewal of Graot-in-Aid as continued so for research
on the efectiveness of codrin and dieldrin s soil insecti-
cides and to evaluaie them in relation o other toxicants
with regard 10 the effect on snils, rsiduet on sgricultural

crops, and effects on flavor . ... ... ... ... ..., $2,000.00
STATEWIDE
American Cyanamid Company ............ 100 Ibs. 4% Malathion dust
For cyclamen mite conerol on strewberries
CG&TFL Commodity Projects, Inc., ...................... $1,000.00

For study to determine arrival condition of Emperor
grapes at terminal markets

Geigy Agriculmmral Chemicals . ... ...... 18 1bs. chlorobenzilate semples
For phytotoxic and acaricidal comparisons on greenhouse roses
Wiagara Chemical Division .. .............. 50 lbs. TE/PP 1.0% dust

For aphis control on caulilower and broccoli test plots

Supfand Industries .. ............ ... ... . . c.iiia.s 1 ge. Panogen
For coatrol of damping off in seed fats
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