Fertilizer Injury to Lettuce

damage reproduced by application of toxic concentrations of
inorganic commercial fertilizer materials or animal manure

Greenhouse and field studies of a
disease of lettuce that has caused con-
siderable damage to commercial plant-
ings in California revealed the relative
toxicity to lettuce of several fertilizers.

Fertilizers containing ammonium hy-
droxide and free ammonia were most
toxic but certain other materials contain-
ing nitrites, nitric acid, or phosphoric
acid were also toxic. Materials composed
of neutral salts such as ammonium sul-
fate, ammonium nitrate, or calcium
nitrate were relatively innocuous.

The occurrence of the disease ap-
peared to be correlated with cold, water-
logged soil conditions or with moderate
to heavy applicdtions of fertilizers—or
both—but all of the factors that influ-
ence development of the disease were not
determined.

Characteristic above-ground symp-
toms of the disease include wilting, which
may be temporary and confined to the
outer frame leaves or—in more severe
cases—the plant may die. The leaves of
affected plants are usually a lusterless
dark or gray-green color. The outer
frame leaves sometimes develop yellowed
V-shaped sectors that later may become
necrotic.

The above-ground symptoms are al-
ways associated with damage of the root

system. Small rootlets, larger lateral
roots, and sometimes the tap root may
be killed. In most cases the larger roots
are not killed completely but exhibit
various degrees of yellowing or brown-
ing, rifting, and corking. These may oc-

Injury of lettuce caused by toxic concentrations
of fertilizer. Above—Wilting of outer frame
leaves lnduud by the application of chicken

Left——Discoloration of central
xylom coro of roo' Inducod by application of
concentrated i nitrate so-
lution. Center—External browning and corking
of root surface induced by chicken manure ap-
plied very close to roots (2 roots on left). On
the right is @ normal root (untreated) from the
same experiment, Right—Field specimen show-
ing injury of lateral roots and the tap root.
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cur in isolated portions of the root or
may involve practically the whole root
system. Often associated with the ex-
ternal damage of the roots is a yellow,
red, or brown discoloration of the cen-
tral xylem core of the root. In cases of
severe damage the xylem tissues may col-
lapse, resulting in a cavity that may ex-
tend into the crown.

Isolations from injured lettuce roots
collected from several locations in the
Salinas Valley have given inconsistent
results. In most cases, no organisms were
isolated from roots showing only slight
damage. In some cases, dilution-plate
cultures made from severely injured
roots yielded several bacterial organisms.
Three of these unidentified organisms
that have been isolated most frequently
were used for inoculations—by means
of needle punctures—of roots of healthy
lettuce plants growing in steam-sterilized
soil in the greenhouse, but no root dam-
age resulted. The inconsistent results
from isolations and the negative results
from inoculations indicated that the bac-
terial organisms that were occasionally
present in damaged lettuce roots were
secondary invaders following injury
from some other cause.

Greenhouse experiments were made

Continued on page 12




CLOVER

Continued from preceding page

application, but the composition con-
tinued to increase with added phos-
phorus. This continued increase repre-
sents luxury uptake. If the point where
yield no longer increases is taken as the
critical level, all values below that point
are clearly deficient and those above that
point represent adequate supply. On this
basis 0.19% total phosphorus in the en-
tire clover tops at bloom stage may be
taken as the critical value. Plants with
composition at or above this level would
not be expected to respond to fertiliza-
tion. Values below this point would indi-
cate need of applying phosphate fertilizer
before the next growing season.

Clover leaves were also taken for anal-
ysis and showed critical values of
0.177% total phosphorus and 0.098%
phosphorus soluble in 2% acetic acid.

The stage of growth at which plants
are analyzed is important because phos-
phorus content declines with advancing
maturity. Young succulent plants taken
prior to bloom would be expected to
show a critical level somewhat higher
than those reported.
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with several different nitrogenous fer-
tilizer materials and methods of applica-
tion to determine the relative toxicity of
the compounds to lettuce roots. The
lettuce variety Great Lakes was used in
all tests. Four materials, ammonium sul-
phate, calcium nitrate, liquid ammoni-
ated ammonium nitrate — containing
28% ammoniacal and 12% nitrate nitro-
gen—and urea were applied as dilute
solutions—10 milligrams per milliliter—
to one-month-old plants growing in 6”
pots of steam-sterilized. Yolo loam soil.

Each material was applied to three
groups of five pots each at rates of 80,
160, and 320 pounds of nitrogen per
acre. The requisite amounts of the re-
spective solutions were poured on the
surface of the soil. One month later the
plants were removed from the pots, and
the main root was sliced lengthwise and
examined for damage. No apparent in-
jury resulted from any of these treat-
ments.

In another greenhouse trial, the same
nitrogenous fertilizer materials were ap-
plied at the rates of 50 and 100 pounds
per acre in the dry or undiluted form
to the roots in the bottom of the pots.
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This was done by upending the pots,
dumping out the mass of soil and plant
roots, applying the fertilizer to the ex-
posed plant roots, and returning the soil
and plants to the pots. The plants were
examined for root injury six days later.
All treatments showed severe injury and
death of rootlets that had been in direct
contact with the fertilizer materials. The
ammoniated ammonium nitrate solution
also caused pronnounced discoloration
and injury of the xylem core of the main
root at rates of both 50 and 100 pounds
per acre.

The experiment was repeated with the
same four materials and, in addition,
sodium nitrite and concentrated phos-
phoric acid. Dried chicken manure that
had been ground into a powder also was
applied in a similar manner, but at
higher rates of 2, 4, 8, and 16 tons per
acre. Examination of roots to determine
the degree of internal damage was made
12 days after the materials were applied.

All materials caused some damage
when applied directly to exposed roots.
However, ammoniated ammonium ni-
trate and sodium nitrite were consider-
ably more toxic than were urea, am-
monium sulfate, or calcium nitrate.
Phosphoric acid induced a similar-
appearing breakdown of the internal root
tissues and, in addition, caused a necrotic
flecking of the older pleaves. Chicken
manure induced damage that was similar
to that induced by the more toxic fer-
tilizer materials.

Eleven separate field trials were con-
ducted near Salinas to study the relative
toxicity of five commercial nitrogenous
fertilizer materials commonly used on
lettuce in that area. The soils varied in
texture from sandy loam to clay. The
relative alkalinity-acidity—pH—ranged
from an acidity of 6.2 to an alkalinity
of 8.0 but only two of them were below
neutral pH 7.0.

Plots were located in fields where ran-
dom sampling of plants indicated that
little or no injury had resulted from
previous fertilizer applications. The ma-
terials were applied at several different
rates—expressed as pounds of nitrogen
per acre—to plants about one-half grown
in a way that simulated a commercial
side-dress application.

Observations for internal root injury
were made at seven- to 43-day intervals
after application. Although the amount
and severity of damage resulting from
the application of different materials
varied from trial to trial, the relative
toxicity of the materials was fairly con-
stant,

Ammoniated ammonium nitrate and
aqua ammonia—both contain free am-
monia—were much more damaging than
the other materials. Ammonium sulfate
and calcium nitrate were relatively non-
toxic, but both caused some typical root

damage at the higher rates, especially
when 43 days had elapsed since applica-
tion. The increase in amount of damage
resulting from increased length of time
after application, however, was most
striking with urea. One explanation of
this phenomenon might be that urea it-
self is relatively nontoxic, but that the
toxicity is due to breakdown products
from urea produced by microbial or
chemical action in the soil.

To verify the indication that fertilizer
materials that contain free ammonia, or
other materials that are highly acidic,
are more toxic than the neutral salts, two
additional field tests were made. In each
test five milliliters of different water
dilutions of five fertilizer materials were
injected with a hypodermic syringe di-
rectly into the root zone of 20 plants.

Relative Toxicity of Different Concentrations of
Fertilizer Solution to Lettuce Roots:

Cone
centra-
tion  Number of plants of 20
as classified according to

Material ap=  gxtent of injury of cen-
before plieds tral xylo'mr:orob
dilution il.'::'
age None siight Mod- Se-
Nor
P, 0)

Control no
treatment 20 [} (] (]

Aqua
ammonia  20.0 ] [} 1 19
(209% N) 10.0 (] ] 1 19

5.0 ] 1 8 11
2.5 3 H 9 3

Ammoni- 40.0 [} ] 0 20
ated 20.0 0 ] 3 17
ammonium 10.0 ] 2 [} 18
nitrate 5.0 12 6 (] 2
solution 2.5 15 3 2 ]
(40% N)

Ammonivm  20.0 18 2 ] 0
nitrate 10.0 18 2 [} ]
solution 5.0 20 0 0 [}
(2096 N) 2.5 20 ] 0 (]

Nitric 15.5 ] ] 3 17
acid 5.0 2 2 ] 10
(15.5% N) 2.5 [ 14 ] ]

Phosphoric 54.0 ] 2 H 13
acid 27.0 1 4 10 5
(549% 10.8 8 [ 6 (]
P,0, 675 14 4 2 o

* Five ml of each solution under test was ap-
lied with o hypodermic syringe at a depth of
* directly into the root zones of 20 plants.

» Examinations of the roots to determine ex-
tent of injury of the central xylem core were
ml‘l':d. five days after the moaterials were ap-
plied,

The results—which were an average of
the two trials—show that aqua ammonia
is slightly more toxic than ammoniated
ammonium nitrate at the higher dilu-
tions. Ammonium nitrate solution, which
contains no free ammonia but contains
as much nitrogen as the aqua ammonia
formulation—20%—caused very little
damage even when applied in the con-
centrated form. This is further evidence
that the toxicity of aqua ammonia and
of the 40% nitrogen formulation is due
largely to free ammonia.

Tests of nitric and phosphoric acid
indicate that both materials are toxic.
However, they lost more of the toxicity

Concluded on page 16

CALIFORNIA AGRICULTURE, DECEMBER, 1956



Penalty for private use to svoid
payment of postage, $300
University of Californis College
of Agriculture, Agricultursl Ex.
periment Station, Berkeley 4,

alitornia

(Bl T L

Director

ARTHUR TOINE
AGRICULTURAL INSPECTOR
292 § SANTA ANITA AVE
PASADENA 10, CALIF

NEW PU

—now ready for distribution—

NS

CG- 35

Free—Annual Report or Bul
letin or Report of Progress
Permit No. 1137

Single copies of these publications—except the
M ls—or a log of Agricultural Publications

may be obtained without charge from the local office
of the Farm Advisor or by addressing a request to:

Agricultural Publications, 22 Giannini Hall, University

of California, Berkeley 4.

YOUR WOOL-EATING GUESTS WITH
THE $1,000,000,000 APPETITES, by
Marian Nylen, Leaflet 67.

KNOW YOUR MAN-MADE FIBERS:
RAYON, ACETATE, ARNEL, NYLON,
DACRON, ORLON, DYNEL, ACRI-
LAN, VICARA, by Marian Nylen, Leaf-
let 68.

LETTUCE

Continued from page 12

at lower dilutions than did aqua am-
monia.

As a further test to determine whether
or not the toxicity of aqua ammonia is
due to free ammonia, 100 milliliter por-
tions of aqua ammonia containing 5%
nitrogen were treated with different
amounts of concentrated nitric acid and
compared with untreated aqua ammonia
of the same concentration by injecting
five milliliters of each formulation into
the root zone of 20 plants as in the earlier
test. The data from this experiment show
that if enough nitric acid was added to
partially or completely neutralize the free

ammonia, the toxicity was greatly re-
duced. Similar results were obtained by
the addition of phosphoric acid, and it
is likely that the addition of any acid
that would result in the formation of a
highly ionized ammonijum salt would
give similar results,

The relative toxicities of monosodium
phosphate, sodium chloride, sodium sul-
fate, sodium nitrate, sodium nitrite, and
magnesium sulfate were compared by
injecting five milliliters of a saturated
solution of each salt into the soil of the
root zones of two 20-plant groups. The
only material that caused any discolora-
tion of the central xylem core of the root
was sodium nitrite.

Although the results strongly indicate
that free ammonia is the toxic component
of aqua ammonia, there was a possibility
that high pH—itself—might be the
actual cause of root injury. To test this
possibility, 2.0, 1.0, 0.1, and 0.01 nor-
mal sodium hydroxide solutions were
prepared and five milliliters of each in-

jected into the soil of the root zones of
four 20-plant groups as described previ-
onusly. Although injection of these solu-
tions resulted in injury and death of the
roots that were directly contacted, there
was no evident internal root damage or
discoloration. Apparently, sodium hy-
droxide was not absorbed and translo-
cated as were the materials that caused
the internal root damage.

The extent of damage resulting from
ammonia or nitrite derived from decom-
posing nitrogenous organic matter prob-
ably is influenced to a large extent by
soil environmental conditions, especially
temperature and aeration. The results
of these studies and reports from other
research workers tend to explain why
the disease of lettuce investigated is more
likely to be found in cold, waterlogged
soils.

. R. G. Grogan is Associate Professor of Plant

Pathology, University of California, Davis.
F. W. Zink is an Associate Specialist in Vege-

table Crops, University of California, Davis.

DONATIONS FOR AGRICULTURAL RESEARCH

Gifts to the University of California for research by the Division of Agricultural Sciences accepted in October, 1956.

- BERKELEY
Edward H. Heller. .............. Nrrre e $2,000.00
For research in nutrition
Rohm & Haas Company. ... ........ovvvenrinnaneaneracen $600.00

For research on control of mites attacking agricultural crops

Shell Chemical Corporation. ............... 20 mg. radioactive aldrin
For research on metabolism of insecticides in insects

Abbott Laboratories ... ..........civeeiiiiiiaaaienas $2,500.00
For study of pleuro-pneumonia-like infections in animals

Allied Chemical and Dye Corporation. .55 gallons Uran 329% N fertilizer
For experimental work on range fertilization

American Cyanamid Company .............coeivvencannnns $500.00
For aureomycin feed-lot lamb studies
Ciba Pharmaceutical Products, Inc.............. ... ..., $1,700.00

For study in the field of reserpine and mother liquors as feed
additives in turkeys and chicks
Gerber Products Company......... P $500.00
For study on the chemical thinning of apples in the Watsonville area
National Academy of Sciences
National Research Council ............ ... oot $975.00
For characterization study of circulating steroids in the bird

Pacific Molasses Company. .. ..........covvtenraass 4 tons of molasses
For aid in feed trial on roughage gquality

Sugar Research Foundation, Inc,
For study of the role of the sweetener in food preservation.. $1,125.00

For study of effects of sweetness on the consumers accept-
ance of apricots, pears and peaches. ................. $4,000.00

For initiating studies on the sweetness of ice cream....... $500.00

Zonolite ComMPANY . ......ovmirtiniittrretnorennnsssanansss $250

For study on the control of insects through the use of solid carriers
of toxicants applied to either the so0il or the s

RIVERSIDE
Olin Mathieson Chemical Corporation.................... $3,300.00
For soil fungicide screening program
Research Corporation ............cciiviierneninnennennnn $2,925.00

For study of metal chelates

Stauffer Chemical Company
Agricultural Research Laboratory............. 50 gallons Vapam 4-S

For soil fungicide tests on avocado root rot

STATEWIDE

Stauffer Chemical Company.................... 214 tons iron sulfate
For water penetration studies
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