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TOXIC ACTION IN SOIL OF ILLUMINATING GAS
CONTAINING HYDROCYANIC ACID

]
A. E. Hircacock, WiLLiaMm CROCKER, AND P. W., ZIMMERMAN

\y

It has be®n known for many years not only that many plants are
sensitive to traces of artificial illuminating gas, but that ethylene is the
most effective constituent causing certain specific responses such as epi-
nasty, yellowing,®and abscission of leaves. This work was reviewed and

- dis_cEssed in a recent paper with particular reference to the epinastic re-
sponse (). The conditions under which plants respond to an atmosphere
containing MJuminating gas are distinctly different in many respgcts from
those involved when illuminating gas is passed through the soil. In the
“ormer case extremely low concentrations of illuminating gas (1 part of
gas to from 100,000 to 500,000 parts of air) or of ethylene (1 part of gas
to 20,000,000 parts of air) are effective, the response of aerial parts is
specific, the effective constituents are known, prolonged periods of ex-
posure (usually several days) to low concentrations are necessary to cause
noticeable injury, the roots show little or no injury, and the plants recover
if transferred to a normal atmosphere of air. High concentrations of il-
luminating gas cause eentially the same responses in a shorter period
of time, and the final amount of injury is much greater.

When illuminating gas is passed through the soil, relatively large
amounts (from one cubic foot to several thousand cubic feet) are required
to cause injury, tge,responses are usually non-specific, all of the effective
constituents a* known, severe injury may result from short periods
of exposure (from less than one hour to several hours), the roots always
show injury regardless of the effect on aerial parts, and the plants recover
sm‘wly.or not at all after the flow of gas has been stopped, depending upon
the amount of toxi®Tesidues remaining in contact with the roots.

The possibility ®hat illuminating gas acts as any inert gas, such as
nitrogen, in displacing oxygen from the soil has been a view supported
by Ehrenburg and Schultze (7) and Sorauer (15). Harvey and Rose (8)
considered the displacing effect of illuminating gas important only when
there was a rapid flow of undiluted gas. With a relatively slow flow of
diluted illuminating gas they considered as the chief cause of injury to
roots those constituents which remained in a gaseous state in the soil in-
terstices; any injury to the aerial parts was due to lack of water and not
to the conduction of toxic substances to the tops as proposed by Stone
(16). Wehmer (17) found no difference in the response of cress to illu-

(1)
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\ . .
ninating g&s containing amounts of air ranging from 10 to 935 per cent.

Stone (16), Wehmer (18, 19), and Haselhoff (9) are opposed to the
dea that gaseeus constituents of illuminating gas held in the soil inter-
tices are mainly responsible for the injury to roots. These three investi-
cators believe that injury to roots is due principally to the condgnsed
yroducts of ilJurrinating gas which remain in the soil. They differ as to
vhether the iﬁif’;?i‘y to aerial parts is a direct or indirect action. Stone (16)
.onsiders that toxic materials are transported from the roots to the aerial
yarts. Wehmer (18) and Haselhoff (9) contend that the inThry to aerial
sarts is an indirect action, being due to disturbed water and food relations
esulting from the initial injury to roots.

Wehmer (20, 21) is of the opinion that the hydrocyafiic acid in illumi-
\ating gas is largely responsible for the injuries to plants. Haselhofffig) -
igrees that hydrocyanic acid is injurious but doubts that the sxr}gllra}mount 7

1
!

rormallyepresent in illuminating gas can account for sevege injury to
slants. Since Harvey and Rose (8) were able to produce with ethylene
‘he same type of abnormalities that occurred as a result of passing ilfumi- .
1ating gas through the soil, they believe ethylene to be the principal in-
lurious constituent. The differences of opinion thus far mentioned may ,
se due to the fact that different workers were not dealing with the same ]
:ype of injury, and the illuminating gases used were probably never identi- i
>al with respect to kinds and percentages of the constituents. As a result
of passing illuminating gas through soil, many different types of responses i
have been described, such as wilting, drying, curlfhg, discoloration, stunt- !
ing, epinasty, and abscission of leaves; stunting, swelling, discoloration, i
proliferation, stimulation, bending, and killing of roots; and proliferation, '
cracking (sometimes accompanied by exudation of sap), and partial or
complete killing of stems, trunks, or branches. W,

In 1930 experiments were undertaken to determine wigh constituents
in illuminating gas caused certain types of injuries when the gas was
passed through soil. A brief report of this work was made in 1932 (11).

The purpose of the present paper is to describe more fully these ang lafer i?”
experiments. Evidence is presented to show that reots are injured by the g
residual products from illuminating gas which remaif s the soil, as well

as by the flowing gas; that when used in equivalent amounts carbon mon-
oxide or the four principal unsaturated hydrocarbon constituents of il-
luminating gas (ethylene, propylene, butylene, and acetylene) do not
produce an equal amount or a similar type of injury; that the initial
injury occurs on the roots regardless of whether the aerial parts are af-
fected; that solutions which remove hydrocyanic acid from illuminating
gas eliminate most but not all of the highly toxic effects of the gas; and
,that‘imme‘diate displacement of vapors in the interstices of gassed soil
- does not render the soil non-toxic. :
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MATERTALS .

The illuminating gas was taken directly from the mains of the West-
chester Lighting Company which supplies gas to the City §f Yonkers, and

. is the same as that described in previous reports (4, 10). Unsaturated
hydrecarbon gases were the same as those for which analyses are given
in an earlier paper (4, p. 194). The drip oil obtained froi jgas company
in Brooklyn, New York, contained 88 per cent of ‘‘light®il"’ which had
the fol]owing’ constituents according to the analyses furnished by this
company: Unsaturated hydrocarbons (mostly indene, styrene, and their
homologues) constitute 53.5 per cent, benzol 6.6 per cent, toluol 14.5 per
cent, and xylol 25. 4 per cent. “Light oil” is the fraction of drip oil which
distills below 200°C. Fractional analysis of the drip oil showed that a
= cogsiderable amount of naphthalene was present. Approximately 147 cubic
feet of ®luginating gas were calculated to produce one cubic centimeter

of drip oil. - R
=g he principal plants used in these experiments are as follows: Japanese
’ maple (Acer palmatum Thunb.), sweet cherry (Prunus avium L.), silver-

bell (Halesia carolina L.), persimmon (Diospyros virginiana L.), rose
(Rosa, hybrid tea var. Coolidge), privet (Ligustrum ovalifolium Hassk.),
weeping willow (Salix babylonica 1.), cotton (Gossypium hirsutum L.),
tung oil (Aleurites sp.), Jerusalem cherry (Solanum pseudocapsicum L.),
mallow (Hibiscus moscheutos L.), sunflower (Helianthus debilis Nutt.),
k tomato (Lycopersicon esculentum Mill.), and Boston fern (Nephrolepis ex-
altata Schott. var. bostoriensis Davenport).

METHODS

ir‘: Exposure of roots in soil to flowing gases. Gas was passed in through
the hole in the begtom of the pot and allowed to flow up through the soil.
In the case of s ériments performed in the hood the aerial parts of the
plant were sealed in an inverted bell jar. Plants treated outside where there
was a free circulation of air were not shielded. Small amounts of gas were
measyred by a dry meter calibrated to read on one dial to one-eighth of
a cubic foot and on a second dial to 0.08 of a cubic foot.

Fifteen per cewt sodium hydroxide, 2 N potassium hydroxide, and
acidified 1o per cent silver nitrate were used to remove toxic constituents
from illuminating gas. When the gas was flowed over the aerial parts of
. . ~ plants in bell jars, injuries from drying and from lack of oxygen were
prevented by drawing air into the bell jar through water at the same rate
as the illuminating gas when the period of exposure was three hours or
longer.

Toxicity of residues from illuminating gas. Plants from pots or flats
were transferred to soil through which illuminating gas had been passed.
The effect of illuminating gas residues left in the soil was also compared

G 2
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with the eftect produced by exposure of the roots in soil to flowing gas.
Thus, plants subjected to flowing gas were transferred immediately after
the flow of gar was stopped to control soil and plants from control soil
were transferred to the gassed soil. A third set of plants was subjected to
flowing gas and then repotted in the same gassed soil. The roots of all
plants, therefgre" received the same mechanical disturbance.

The loss ot ‘ Oxicity from gassed soil was determined by planting seed-
lings and seeds in soil which had been stored at different temperatures
(room temperature, 3°C., and —13°C.) in open and in sealed containers.
Plantings were alsoc made in soil leached with tap water. The toxicity of
the leachings was determined by its effect on seeds of tomato and buck-
wheat. The rate of loss of toxic vapors from gassed soil was determined
by confining samples of the soil under bell jars with young tomato pl.e'lg_ts. -

Addition to sotl of compounds present in tlluminating gas. Sgdsum and
potassiura cyanide, benzol, toluol, xylol, phenol, and drip oi} were added
separately to soil in amounts sufficient to cause collapse of all underground
parts of young tomato seedlings. These toxic soils were then diluted®ith
control soil until the highest dilution produced little or no injyry on the
tomato plants. Loss of toxicity from these soils was determined in the same
manner as described for soil through which illuminating gashad been passed.
Toxicity of the vapors from these treated soils was determined the same
as for gassed soil.

Chemical methods for detecting tlluminating gas in soil. The heavy hydro-
carbons and phenols in extracts of gassed soil wére determined according
to the method of Pfeiffer (12). Direct bromination with a one-tenth satu-
rated solution of bromine was used if the soil extracts were clear. For
colored extracts an excess of bromine was added and the excess measured
by titrating with sodium thiosulphate in the preserncesf*potassium iodide,
using starch as an indicator. Ty

Phenols in extracts from gassed soil were determined qualitatively by
a color reaction with an alkaline solution of diazobenzene sulphonic acid.
In the presence of small amounts of phenols the dye turns yellows

Hydrocyanic acid in illuminating gas was detérmined quantitatively
by passing the gas through 1 5 per cent sodium hydroxids or 2 N potassium
hydroxide, and titrating with silver nitrate according to the method of
P‘owell (13), but instead of determining the end point colorimetrically, a
silver elec‘tmde was used. Due to the development of a dark color in the

test solugon during titration, the end point was not easily determined by
f:he colorimetric method. The presence of the cyanide radical in illuminat-
ing gas was de'termined qualitatively by means of the Prussian blue test (6,
5;;,317 5))’ tlxuthfcyanate.tesj; (6, p. 272), an'd the copper-benzidine acetate
Prussisax.m bluet ar:g kg}:l'ahtatwe tests were .hkew1se made on the soil. The
o ; locyanate tests required a preliminary treatment of
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the soil. Dilute sulphuric acid was added to the soil in a flask and the
mixture was heated. The vapors were led into acidified silver nitrate or
into sodium hydroxide. Both of these tests were also madg on extracts of
gassed soil. Gassed soil was also tested by sealing in a small bottle with a
stripeof filter paper previously dipped in the copper-benzidine acetate
solution. Relative amounts of hydrocyanic acid (HCN d cyanogen
(C:N,) in the illuminating gas were determined by passag=of the gas first
through a 10 per cent solution of acidified silver nitrate and then through
a 2 N solution of potassium hydroxide (6, p. 272-273).

EXPERIMENTAL RESULTS
EXPOSURE OF ROOTS IN SOIL TO FLOWING GASES

L4

Izlumiw_.gting gas. The principal responses to a prolonged treatment of
roots in soil to illuminating gas were as follows: epinasty, disceloration,
stunting, drying, wilting, and abscission of leaves; discoloration, hyper-
trophy, retarded growth, and the collapse or death of part or all of the
stem and.roots; the initiation and stimulation of adventitious roots on
stems; and the abscission of flowers and fruits or the abnormal retention
of fruit. The response of aerial parts was in many cases the same as when
the plant was confined with illuminating gas in a tight container. The
type and degree of injury produced by flowing illuminating gas depended
upon the total volume of gas flowed through the soil, the rate of flow, the
volume of soil surrounding the roots, and the species, age, and activity
of the plant.

Epinasty was particularly noticeable on the maple, cotton, tung oil,
mallow, and tomato; yellowing on the leaves of the tomato and Jerusalem
cherry; discoloratipn other than yellowing on the maple; wilting of leaves
on the willow, pérsimmon, tomato, and sunflower; abscission of leaves on
the rose, tomato, and Jerusalem cherry; initiation and stimulation of
aclJventitious roots on the stem of tomato; abscission of flowers and nearly
mature fruits from the tomato and Jerusalem cherry, and retention of
young fruits on the tomato and Jerusalem cherry.

Discoloration 8froots occurred in all cases of injury. The predominat-
ing color was brown. Portions of the roots of some species turned pink,
particularly in the case of tomato, sunflower, and privet. A pink color
usually occurred on roots which were injured but had not been entirely
killed at the time the color was observed. Later these roots sometimes died,
in which case the pink was frequently replaced by tan, brown, or black.
Shriveled tap roots of tomato and sunflower often retained a sufficient
amount of color to give them a distinctly pink hue. Roots of tomato some-
times became translucent just previous to their collapse. Roots of maple
were frequently bluish-gray or black. Collapse of the stems of young seed-
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lings was caused by the exposure of the bare root systems to one cubic
foot of flowing illuminating gas. The same amount of ethylene or nitrogen
injured some of the bare roots but did not cause collapse of the lower part
of the stem.

If root growth was retarded temporarily and there was little or no
killing, a renaswa’ of growth from original growing points or the appearance
of new branch~roots several days after treatment was characterized in
some cases by a noticeable increase in diameter, usually for a distance of
a few millimeters; thereafter the roots were of a normal diameter.

In the case of certain woedy plants, particularly the maple, a slow
flow of gas at the rate of one-half cubic foot or less per hour caused com-
plete defoliation in a few days, whereas a flow of gas at the rate of two to
eight cubic feet per hour caused slight epinasty and death of the leaves~
with little or no defoliation. The maximum rate of flow (15 4020 cubic
feet per hour) killed the leaves without causing noticeable epinasty. Sever-
al weeks or several months after treatment some of the dead leaves fell
from the plant, but frequently they became detached at the point where
the petiole joins the leaf blade and not at the point of attachment to the
stem as usually occurred when green leaves abscissed. When treatment of
maple caused epinasty but no immediate drying of leaves, the petioles
remained bent for a period of one week or longer, after which they usually
died and remained on the plant.

One cubic foot of illuminating gas was approximately the smallest
amount which caused severe injury or the death of all roots of tomato
plants two to four inches tall grown in four-inch pots. In addition, this
amount of illuminating gas frequently caused collapse of the tap root and
of that part of the stem which was in soil. Four cubic feet of illuminating
gas caused collapse of the roots and lower part of thgstem as shown in
Figure 1 in all tests and therefore represents an amount well in excess of
that necessary to produce minimum injury to young tomato seedlings.

Injuries to the tomato and to five species of woody plants are recorded
in Table I. Data in column 3 of Table I show that illuminating gas«:aus'ed
injury to all six species of plants, but that four cubic feet caused greater
injury than one cubic foot. The plants in Table I ar&listed from top to
bottom approximately in the order of their decreasing sensitivity to il-
luminating gas but the same order does not hold for the other gases. All
roots of the tomato were killed by four cubic feet of illuminating gas
without there being any signs of injury on the aerial parts two to four
days after treatment (Fig. 1). From 5 to 12 days after treatment the aerial

p~ar'ts usually wilted, depending upon the moisture and temperature con-
ditions ir_l the greenhouse. In some cases the living part of the stem acted
~ asacutting and sent out roots near the soil line and just above the region
of collapse. The reestablishment of an injured tomato in this manner often
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FiGure 1. Comparison of injuriés on tomato due to residues of illuminating gas left in
the soil and those caused by flowing gas and residues. (A) Seedlings placed in soil previously

gassed. (B) Roots of seedlings in soil and subjected to flowing gas. Left to right in (A) and
(B): control, one cubic foot, two cubic feet.

7
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occurred after the stem had fallen over on the soil or on the edge of the

pot. o
The roots of the woody plants (Table I) were badly injured, but the

aerial parts sho'ved no ill effects from these treatments except in the case

g
R TABLE I
EFFECT ON POTTED PLANTS OF PASSING JLLUMINATING GaS AND CERTAIN OF ITS
UNSATURATED HYDROCARBON CONSTITUENTS THROUGH THE SOIL FOR A
: PERIOD OF 30 MINUTES

—

Relative degree of injury to roots caused by different gases?t
Illuminating gas

Vol. of gas
Plant . B _ - | A -
e 7| Fitered through | Byt | Proyt | Buty- | Agety
filtered | \wier | NaOH -« -7

-

1 +4++ | +++ + ° 0 ° +
B B I R e I e e R A
; r ++ | | - ° + +| ++
Willow e s + + +| 4+
Mao] r ++ +| - o ++ | 4| ++
apie 4 | +++ | +++ + ++ |+ |+ |
. ++ - - o + ++ |
Cherry e R e o
: 1 + — - o ++ + +
Silver bell i 44 — + I G+ | +++
. : + -] - ° + + +
Privet R e T + +| 4+ +

t o signifies no noticeable injury, =+ slight discoloration, 4 - noticeable discoloration
and death of part or all of many roots, + -+ all roots badly discolored and most slender
roots killed. e

* All underground parts killed.

of willow and maple. Four cubic feet of illuminating gas caused the roots
of willow to turn brown and killed all leaves and the upper part of the
stem. Some of the middle-aged leaves of the maple became discolored at
the tips and along the margins of the segments. All of~the woody plants
(Table I) subjected to four cubic feet of illuminating gas recovered in from
three to four weeks as evidenced by a normal growth of existing shoots
or of new shoots and the appearance of new roots in the soil. Ten cubic
feet of illuminating gas killed all five species of woody plants. In contrast
to these results the Boston fern was not killed by subjecting the roots in
soil to ten cubic feet of illuminating gas. Only the oldest leaves were in-
jured. Since the aerial parts of the fern were not protected against the
vapors emanating from the soil during treatment, as was the case with
the species of plants (Table I) having a central stem, it is not known how
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much of the injury to old leaves was due to a toxic action in Soil and how
much to the escaping vapors which passed over the leaves. In a previous
report (22) the fern was shown to be resistant when the leaves were con-
fined with 4 per cent illuminating gas. Thus the Boston: fern has proved
to be highly resistant to illuminating gas in soil or when the perial parts
were confined with the gas. -

Removal of toxic materials from illuminating gas. If the roots of potted
plants were subJected to illuminating gas after the gas had first been
passed through soil, moss peat, sodium hydroxide, or water, the injuries
were less pronounced or failed to occur, depending particularly upon the
total amount of gas and the rate of flow. Water was the least effective in
reducing injury and sodium hydroxide was the most effective. Soil and
moss peat were about equally effective. Japanese maples in eight-inch
pots w®ekilled by passing 50 cubic feet of illuminating gas through the
soil in 10 to 11 days. By first passing the gas through ten liters.of either
soil or moss peat, the same amount of gas caused little or no injury and
only slight injury occurred when r1oo cubic feet of illuminating gas were
first passed through soil or moss peat. Three liters of water did not prevent
injury with so cubic feet of gas but the appearance of injury on aerial
parts was delayed a few days. Scrubbing 100 cubic feet of the gas with
water did not prevent the maple from being killed. When the amount of
illuminating gas was just sufficient to cause slight or moderate injury,
water was effective in reducing or eliminating this injury. Although water
was effective in absorbing some of the toxic constituents when the gas
was flowed through at the rate of one to two cubic feet per day (Fig. 2),
it was not effective when a rapid flow of gas was used (8 cubic feet per
hour) as shown in Table I.

Since a more spzcific type of injury was produced by flowing the il-
luminating gas over the aerial parts of tomato than resulted from an ex-
posure of the roots in soil to the flowing gas, the former method was used
to determine the critical limits for removal of the highly toxic substances,
pérticularly HCN, from the artificial gas. Flowing one cubic foot of il-
luminating gas in 12 minutes over the aerial parts of a young tomato plant
under a bell jar ¢®used permanent downward curling and coiling of the
leaflets on upper leaves. When one cubic foot of gas was passed over the
aerial parts in 3o minutes or at a slower rate, most of the leaves were killed.
In control tests with nitrogen gas one cubic foot caused no injury. One-
fourth cubic foot of illuminating gas was approximately the minimum
amount which caused slight discoloration of the veins on the lower portion
of young tomato leaflets during a period of exposure of 2o to 30 minutes.
Complete protection against injury from one cubic foot of illuminating
gas was obtained by first passing the gas through alkali hydroxide or
silver nitrate and then through water. Water alone was not effective in
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removing the highly toxic substances from the same amount of the gas.
One cubic foot of nitrogen gas first passed through alkali hydroxide or
silver nitrate ard then through water caused no injury to the aerial parts
of the tomato.

The effectiveness of alkali hydroxide or silver nitrate as scrubbers in
removing hizhly toxic substances from illuminating gas was limited with
respect to the total amount of gas, the rate of flow, the period of exposure,
and the number of cylinders in series containing the scrul,ll?er solutions.

FIGURE 2. Effectiveness of different media in absorbing the toxic constituents from 11
cubic feet of illuminating gas previous to its passage through soil in eight-inch pots contain-
ing large tomato plants. The media used and the time of exposure to gas are from left to
right: control, 13 days; 1 liter 15 per cent sodium hydroxide, 1 3 days; 6 liters moss peaty 6
days; 6 liters soil, 9 days; 1 liter of water, 12 days; and no medium used (roots and base of

stem killed).
-

In order that lack of oxygen should not become a limiting factor, air was
admitted simultaneously with the illuminating gas and at approximately
the same rate. Drying effects on the tomato leaves were prevented by
first passing the gas and the air through water just previous to their en-
trance to the bell jar. Under conditions in which the scrubbed illuminating
gas injured tomato leaves, scrubbed nitrogen gas caused no injury. Since
alkali hydroxide and silver nitrate were used primarily to remove hydro-
- cyanic acid from the illuminating gas, tests for this constituent were made
on the contents of each of the four cylinders in the scrubber system. Al-
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though the potassium hydroxide in the first cylinder removed most of the
hydrocyanic acid, small amounts of this gas passed into the second cylin-
der but not into the third and fourth cylinders, providedathe rate of flow
was not more than one and one-half cubic feet per ho %r and the total
amount of illuminating gas was not in excess of ten cubic_feet. Under
similar conditions a positive test for cyanide was never obtsaned beyond
the first cylinder of silver nitrate. A positive test for cyanide was not ob-
tained when g strip of copper-benzidine acetate paper was exposed to the
scrubbed illuminating gas in the bell jar although the unscrubbed gas
gave a good test. The aeration of an alkaline solution of 1 per cent KCN
showed that no gyanide was removed in the form of HCN. Even though
complete removal of hydrocyanic acid was indicated by these tests,
agounts of the scrubbed illuminating gas in excess of five cubic feet pro-
duced Pnjuries to the tomato leaves that were the same as those caused
by the unscrubbed gas. Five cubic feet was approximately the largest
amount of illuminating gas which could be rendered non-toxic by the
scrubbers when the gas was passed through at the rate of three-fourths
to one and one-half cubic feet per hour.

Unsaturated hydrocarbons. When ethylene, acetylene, propylene, and
butylene were passed through soil in amounts of less than one cubic foot,
no injuries occurred, consequently larger amounts were used. A comparison
of the effects of illuminating gas with those produced by each of four un-
saturated hydrocarbon gases is given in Table I for plants subjected to
one and to four cubic feet of flowing gas passed through the soil in 30
minutes.

Ethylene and pxopylene were the least toxic of the four unsaturated
hydrocarbons listed in Table I. It has been estimated that ethylene con-
stitutes approximately three per cent of the illuminating gas used in these
experiments (10, p. 156). On this basis one cubic foot of pure ethylene
would represent 33 times its concentration in one cubic foot of illuminating
gas. Four cubic feet of ethylene caused injuries less severe in most cases
than eesulted from one cubic foot of illuminating gas (Table I), yet this
amount of ethylene represents 133 times its concentration in one cubic
foot of the artifi®fil gas. Ten cubic feet of ethylene was not injurious to
tomato seedlings (Fig. 3).

Each of the other three unsaturated hydrocarbons is usually present
in illuminating gas in amounts of less than 1 per cent, acetylene being
approximately o.03 per cent (1, p. 133). Although the data in the last
three columns of Table I show that these particular unsaturated hydro-
carbons in many cases produced injuries comparable to those caused by
an equal volume of illuminating gas, the amounts used represent several
hundred times the concentration of each in illuminating gas.

Carbon monoxide. The maximum amount of carbon monoxide used was
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two cubic feet. This amount was not injurious to young tomato seedlings
grown in four-inch pots.

Nitrogen. Wehen four cubic feet of nitrogen were passed through soil
in 30 minutes t’e injury to roots of plants listed in Table I was so slight

as to be questinable in most cases. .
L
RS

FiGure 3. Effect on the tomato of residues left in soil by ethylene and by illuminating
gas. Left, control. Middle, 1o cubic feet of ethylene. Right, collapse of roots and lower part
of stem in soil caused by the residues from three cubic feet of illuminating gas. Photographed
six days after seedlings were planted in the soil. .

S,
TOXICITY OF RESIDUES FROM ILLUMINATING GAS

Residues left in water. When from one to five cubic feet of illuminating

gas were passed through one liter of tap water, residues remained which
killed the roots and the stems of tomato cuttings or seedlings that were
placed in 180 cc. of this solution after the flow of gas was stopped. Ethyl-
ene, propylene, acetylene, natural gas (mostly methane), and carbon
monoxide tested in a similar manner did not kill the roots of tomato cut-
tings. Water charged with any one of these gases retarded root growth,
caused various types of bending and coiling of roots, stimulation of branch
roots, and the appearance of many abnormally long root hairs near the
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root tip. The highly toxic effects of water charged with illuniinating gas
were eliminated by first scrubbing the gas with potassium hydroxide.

When not sufficiently toxic to kill the roots, water aélarged with il-
luminating gas caused these responses also. The highly tc.&ic constituents
disappeared rapidly from gassed water left in the open, b‘mt,mrgot bending
was induced by ethylene-water that had remained in an ope.. pan for 48
hours. A presentation time of one minute to water charged with ethylene
was sufficient - to cause bending of the roots. In this test only a portion of
the root was Towered into the water containing dissolved ethylene and
after one minute the roots were removed, washed in running tap water
for 40 seconds, and then placed in fresh tap water. From three to eight
hours were reqLured for the bending response of the roots.

» _ Residues left in soil. Injuries to plants transferred from control soil to
gassed ®wil were essentially the same as those resulting from an exposure
of the roots in soil to flowing illuminating gas, but the degree of injury
was greater in the latter case provided the plant was not removed from
the treated soil. Wilting, drying, and yellowing of leaves and retardation
of growth of the aerial parts were the main symptoms visible on above-
ground parts of plants placed in gassed soil. Injurious effects of any sort
involved injury to the roots, but there was frequently severe injury to
roots without any visible symptoms appearing on the aerial parts (Fig. 1).
Epinasty, leaf-fall, and proliferation were usually not pronounced on these
plants. In the case of tomato many roots appeared on the stem at and
above the soil line. )

When tomato seedlings were planted in pots of different size, the gassed
soil in large pots produced more injury than the same soil in small pots.
If, however, the same amount of gas (for example, four cubic feet) was
passed through different volumes of soil, the smallest volume was the
most toxic. There appears to be no arithmetical relation between the
volume of soil gassed and the amount of gas used. For example, four cubic
feet of gas passed through 500 g. of soil produced collapse of tomato seed-
lings, but eight cubic feet passed through rooo g. of soil did not cause
collapse of the plants. Approximately 15 cubic feet of gas were required
to produce collaps€ of the tomato in 1000 g. of soil. Gassed soil which
produced no marked injury on roots frequently stimulated the growth of
tomato plants.

The type and degree of injury varied with the species and with the
age of the plant. Herbaceous plants were more severely injured than woody
plants when they were placed in the same lot of gassed soil. Young active-
ly growing plants showed greater injury than older or slower growing
plants of the same species. For a given plant the toxicity of gassed soil
depended upon the total amount of illuminating gas used, the rate of
flow, the volume of soil gassed, and the volume of gassed soil in which
the plant was placed.
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The pagsage of illuminating gas through soil in three two-liter flasks
arranged in series rendered the soil in the first flask more toxic than the
soil in the second or third flask. There was relatively little difference in
toxicity of the/ oil in the second and third flasks as compared to that for
the soil in thediist and second flasks. Toxicity of this soil was determined
by its effec on “seedling tomatoes. In a similar manner the soil in any
closed container was found to be more toxic nearest the inlet of illuminating
gas as compared with the soil nearest the outlet.

o,

FIGURE 4. Comparison of seed germination and seedling tests for determining the rela-
tive toxicity of soil through which illuminating gas had been previously passed. (A) Buck-
wheat and tomato grown from seed planted in soil through which o, 1, 5, and 15 cubic feet
(from left to right) of illuminating gas had been passed. (B) Tom&® seedlings planted the
same time as seeds and in soil treated as described in (A).

Freshly-gassed soil containing residues from 1000 to 33,000 cubic feet
of illuminating gas retarded or prevented the germination of seeds. Water
extraets of this soil were also toxic to the seeds. The first 200 cc. of leach-
ings were more toxic than subsequent portions. In gassed soil which had
been leached with tap water the percentage of germination of tomato and
buckwheat seeds was frequently higher than in gassed soil which was not
leached. Leachings from the gassed soil usually retarded germination but
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the final percentage of germination was often the same as for th® controls.
Soil subjected to smaller amounts of illuminating gas was less toxic to
seeds and under certain conditions stimulating effects were observed.
Gassed soil which was just sufficiently toxic to cause collipse of young
tomato seedlings was not noticeably toxic to tomato amdwbuckw heat
seeds (Fig. 4).

A poor top soil which could not grow tomato plants to matur1ty caused
the development of dark spots and streaks on or along the veins of tomato
leaves. Gassing  this soil before planting the seedlings caused the lesions

FI1GURE 5. Injuries on the tomato caused by residues from illuminating gas remaining
in the soil. Left, control. Right, seedling planted in gassed soil which had been stored in a
sealed container in the laboratory for one week. This type of vein necrosis may be caused by
poor soil but it appeared earlier when such soil had been gassed.

to appear from one-to two weeks earlier and the symptoms were more
pronounced (Fig. 5). Soil containing a normal amount of the common
fertilizer elements did not cause this type of injury on the tomato regard-
less of whether the medium was gassed.

Vapors emanating from freshly-gassed soil injured the leaves of toma-
toes when both were confined under a bell jar. The injury caused by vapors
from 1350 cc. of gassed soil after 24 hours is shown in Figure 6. The upper
leaves were affected first and in those cases where only slight injury oc-
curred, the lower part of the youngest leaflets was the only part to be
injured. In general, mild injury involved a discoloration of the lower mid-



16 CONTRIBUTIONS FROM BoYCE THOMPSON INSTITUTE [Vor. 6

vein, mairf side veins, and adjoining tissues of the youngest leaflets; mod-
erate injury was characterized by collapse of the petioles or of the lower
portion of the mid-vein of the young leaflets and some of the middle-
aged leaflets; Ind in cases of severe injury all upper leaves were killed and
the lower leg»®s were either killed or badly injured. .
Relatid" toxitity of illuminating gas and its residues. Under certain con-
ditions the injuries due to toxic residues left in the soil were more pro-
nounced than those caused by the flowing gas. In order to demonstrate
this fact it was necessary to use an amount of gas and a period of exposure
which caused a slight but definite type of injury when the roots in soil
were exposed to flowing gas and the plant then transferred to control
soil. To produce such an effect usually a larger amount of gas was required

Ficure 6. Injury on aerial parts of tomato caused by vapors from a 150-cc. sample of
soil through which illuminating gas had been passed. The gassed soil and the plant were left
under a bell jar for 24 hours. Left, control. The three plants on the right show increasing
degrees of injury on the youngest tissues due to an increasing amount of gas which was
passed through the soil samples.

for woody plants than for herbaceous types. Privet grown in four-inch
pots was killed by flowing eight to ten cubic feet of illuminating gas
through the soil in one hour. Another set of privet given the same treat-
ment was exchanged, immediately after the flow of gas was stopped, with
a set of plants growing in control soil. Both sets of plants received the
same mechanical disturbance. The plants transferred from gassed soil to
control soil showed injury to the roots but no injury to the aerial parts.
The plants transferred from control soil to gassed soil showed more root
injury, the older leaves turned yellowish and some of them fell from the
plant, and the growth of shoots was retarded. After 14 days these two
sets of plants had produced new roots but the plants in gassed soil con-
tinued to exhibit symptoms of injury in the form of a slight yellowing of
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the older leaves and the failure to form new leaves. The respguse to the
two treatments just described as contrasted with that caused by the
combined treatments, in which case the plants were killed, shows that
injuries to plants may be caused not only by flowing illumimating gas but
also by the residual products remaining in the soil. Simil; r results were
secured with young tomato seedlings and the persimmon. K®w?ts for the
persimmon are shown in Figure 7. The combined treatment®*of flowing
gas and toxic residues in (A) killed the plants within three days. Although

-

FiGure 7. Comparative effects on the persimmon of subjecting the roots in soil (B) to
10 cubic feet of illuminating gas flowed through in 45 minutes; (C, D) to toxic residues from
the same amount of gas; and (A) to the combined treatment of flowing gas and toxic resi-
dues. (A) Repotted in same soil. (B) Transferred after gassing to control soil. (C) Trans-
ferred from control to freshly-gassed soil. (D) Same as (C) but transfer made one day later.

abscission of the lower leaves occurred, there was no yellowing of the
leaves such as resulted from the toxic residues as shown in (C) and evi-
denced by clearing of the veins on lower leaves. Plant (C) eventually lost
all leaves. The roots of plant (B) were subjected to the same amount of
flowing gas as in (A) but immediately after the flow of gas was stopped,
plant (B) was transferred to control soil with the result that no injury
was produced on the aerial parts.
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Loss of toxicity from gassed soil. Gassed soil was rendered less toxic by
storage in an open container at high temperatures (20° to 80° C.), by
aeration with nitrogen gas, or by leaching with water. Soil just sufficiently
toxic to cause collapse of tomato seedlings was either non-toxic or only
shghtly injurs Tus to the seedling roots after it remained for one day in a
pot in thc g?/eﬂhouse A sealed sample from the same lot of soil lost most
of its toxill Ity after being held one week in the Iaboratory, but the sealed
samples stored for one week at 3° C. and at —15° C. were sufficiently toxic
to cause collapse of the seedlings (Fig. 8). If after tomats seedlings were
planted in gassed soil, escape of toxic vapors was retarded or prevented
by pouring a layer of paraffin on the surface of the medium and by coating

~

Ficure 8. Effect of low temperature storage on the toxicity of soil through which il-
luminating gas had been previously passed and which was then sealed for one week. Left to
right: control soil —135° C., gassed soil —15° C., gassed soil 3° C., gassed soil 24° C. The to-
mato plants in gassed soil previously stored at —15° C. and at 3° C. were killed, but the soil
kept in the laboratory (24° C.) caused only a slight retardation of growth.

the outside of the pot with the same material, greater injury resulted than
was produced by the same soil not sealed in with paraffin or by control
soil sealed with paraffin. Soil through which ten cubic > feet of 111um1nat1ng
gas had been passed lost most of its toxicity after 1 remammg in a potin
the greenhouse for 24 hours. The effect on the persimmon of the freshly-
gassed soil and the same soil after storage for one day in the greenhouse
is shown in Figure 7 C and D, respectively. Similar results were obtained
with tomato and privet.

A 63-liter lot of soil, through which 33,000 cubic feet of gas had been
passed, was sealed for a period of six months. Although at the end of this
period the soil gave off distinct illuminating gas odors, it was not notice-
ably toxic to tomato seedlings. No immediate symptoms of injury de-
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veloped but at the end of ten days the seedlings in the gasse@ soil were
seen to be stunted as compared with those in control soil.

Soil through which 5000 to 33,000 cubic feet of illuminating gas had
been passed was rendered non-toxic more readily by storaf‘e for three to
five days in an open container at room temperature or pla;ﬁg}n an oven
held at 80°C. than by leaching with water. After leaching scw g. of the
gassed soil with soco cc. of water, the medium was still sufficiently toxic
to cause the retarded growth shown on the right in Figure .

F1GUre g. Effect on growth of tomato of leaching highly toxic gassed soil with water.
Left to right: control; soil from a 65-liter lot through which 7210 cubic feet of illuminating
gas had been flowed; a similar sample of gassed soil after leaching with an amount of water
equal to ten times its volume. Photographed three weeks after planting.

: .

Soil made sufficiently toxic by illuminating gas to cause collapse of
tomato sterns was zerated with nitrogen gas for the purpose of removing
any toxic vapors which may have remained in the soil interstices. This
procedure rendered gassed soil less toxic, but not non-toxic. The relative
reduction in toxicity depended principally upon the amount of illuminat-
ing gas used and not the amount of nitrogen gas subsequently passed
through the soil. When soil that was subjected to four cubic feet of illumi-
nating gas was aerated with the same amount of nitrogen gas, collapse of
tomato stems did not occur, but the plants showed other types of injury
such as marked stunting and wilting or yellowing of the foliage. Collapse
of tomato stems was not prevented by aeration of gassed soil with nitrogen
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if the amount of illuminating gas was 50 cubic feet instead of four cubic
feet. Approximately the same reduction in toxicity secured by aeration of
gassed soil with nitrogen gas was accomplished by exposure of the gassed
soil in a layey one-half inch thick to air for one hour.

Vapogifﬂa‘}{; gassed soil causing the injury shown in Figure 6 and giving
a positivey.est for cyanide were not toxic after 24 hours to a new set of
tomato plants placed under the bell jars with the same lots of soil. At the
end of the first 24-hour period, vapors from the soil failed to give a positive
test for cyanide with copper-benzidine acetate paper.

Loss of toxicity from gassed soil was generally associated with the
intensity of odors given off by the soil. Soil which gave off sharp odors of
illuminating gas usually caused some injury to the roots of plants but the
medium was not necessarily highly toxic. Loss of toxicity from the gageed
soil was also associated with loss of hydrocyanic acid as shown™Dy tests
with the copper-benzidine acetate paper. That the injuries were not
necessarily due to the substances responsible for the strong odors was
shown by the fact that when the illuminating gas was first passed through
sodium hydroxide, injuries to the plant were greatly lessened or prevented
without affecting the intensity of the odors. Hydrocyanic acid disappeared
more rapidly than the sharp illuminating gas odors from sealed samples of
gassed soil.

Gassed soil which was injurious to tomato seedlings not only lost its
toxicity in open storage, but frequently produced a stimulated growth.
Tomato and buckwheat seeds germinated sooner and appeared above soil
in a shorter time in gassed soil than those in the control soil. These results
were repeated several times with 500 g. lots of soil through which four
cubic feet of illuminating gas had been passed. Seedling tomatoes planted
the first day were killed whereas those planted the second and third days
in the same soil grew to be larger than the control plants.

ADDITION TO SOIL OF COMPOUNDS FRESENT IN ILLUMINATING GAS

Cyanides. In high concentrations calcium or potassium cyanide caused
collapse of the underground parts of tomato in from 8 to 48 hours. Injuries
produced by cyanide were essentially the same as those caused by soil
through which illuminating gas had been passed. These soils lost their
toxicity under the same conditions as those described for soil through
which illuminating gas had been passed.

Four to seven milligrams of CN, added to the soil as N/25 KCN, was
the minimum amount which caused collapse of young tomato stems. The
corresponding minimum amount of illuminating gas (0.75 to 1.0 cubic
foot) causing the same response contained from five to ten milligrams of
.CN. During the period of these particular tests the CN content of the
illuminating gas varied from six to ten milligrams per cubic foot. The

el %9
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amount of CN in the minimum toxic quantity of illuminating gas was
usually in excess of that present in the minimum toxic dose of KCN, but
the difference in comparable tests was usually not in excess of two times.
Lesser amounts of CN were toxic but did not cause the colli nse of tomato
stems. S

Benszol, toluol, xylol, and phenol. Benzol, toluol, and xylof produced
injuries to roots and aerial parts similar to those caused by gassed soil
or by calcium or, potassium cyanide. Phenol produced similar injuries but
in addition caused a pink or deep red coloration of the roots, particularly
of privet, tomato, and sunflower. In high concentrations phenol in soil
caused a deep pin{{ or reddish discoloration of the roots, tap root, stem,
and leaves of the tomato. In some cases the vascular system was' discolored
eaghat it could be readily seen from the outside and traced up the stem.
This is The only treatment in which it was visibly evident that a known
toxic material from the soil was transported to the leaves where.it pro-
duced local injury and was the only one of the substances added to the
soil which caused a pink coloration on roots similar to that caused by
illuminating gas. Benzol disappeared most rapidly from the soil and phenol
was the slowest to leave.

Drip oil. Drip oil obtained from a gas company and a product with
similar characteristics obtained from our illuminating gas by low tempera-
ture fractionation produced injuries similar to those caused by gassed soil.
Equal amounts of these two solutions were more toxic than toluol, xylol,
or benzol. When added to 450 g. of soil (wet weight), all amounts of the
drip oil in excess of one cubic centimeter caused collapse of young tomato
seedlings during a period of 24 hours. Although small amounts of drip
oil were highly toxic when added to soil, equivalent amounts of illuminat-
ing gas proved to be from 100 to 150 times as toxic. For example, one cubic
foot of illuminating gas passed through 450 g. of soil caused the collapse of
young tomato seedlings planted in this soil, yet one cubic centimeter of
drip oil (equivalent to 147 cubic feet of illuminating gas) was the minimum
quantity which was highly toxic to the seedlings. Amounts of drip oil in
excess of the minimum toxic quantity rendered the soil toxic for relatively
long periods. Soil t6 which seven cubic centimeters of drip oil had been
added caused collapse of young tomato seedlings up to the twelfth day.
Twenty-five cubic centimeters of drip oil rendered the soil (450 g.) highly
toxic for 6o days.

Effect of vapors from the compounds added o soil. Minimum toxic con-
centrations of vapors from potassium cyanide, phenol, naphthalene, xylol,
and drip oil injured the basal portion of the youngest leaflets located at
or near the growing tip of tomato plants. Generally this injury was con-
fined to the veins or adjacent regions. The discoloration caused by xylol
and drip oil was usually lighter than that caused by the other three vapors.
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Frequentfy naphthalene produced a permanent curling of the young leaf-
lets similar to that caused by flowing illuminating gas. This type of curling
was caused by a localized injury to the under side of the mid-vein or main
side veins. Hr‘gher concentrations of these vapors injured all leaves so
badly that s« specific symptoms characteristic for minimum doses were
masked. Tnere was an extremely narrow margin between the amount of
the solution necessary to cause minimum injury and that which produced
injury on all leaves. Equal amounts of xylol were more toxic than toluol
or benzol.

o
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FIGURE 10. Variation in bromine absorption values for the extracts of 14 different con-
trol soils. Soils numbers 7, 7 B, and 7 D were sterilized and numbers 8, ¢, and 10 were rela-
tively high in organic matter. The remaining soils were low in organic matter and in fertilizer
elements.

-

CHEMICAL METHODS FOR DETECTING ILLUMINATING GAS IN SOIL

Heavy hydrocarbons. Extracts of gassed soil reacted with more of a
one-tenth saturated solution of bromine than the extracts from similar
soil which had not been gassed. The presence of a distinct color in most
of the soil extracts, ranging from straw to dark brown, made it difficult
to obtain exact values with the direct bromination method. Consequently,
an excess of bromine was added to soil extracts which were colored and the
excess titrated with sodium thiosulphate in the presence of potassium
iodide, using starch as an indicator. When 14 different control soils were
tested by this modified method, it was found that extracts of some of them
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gave higher bromine absorption values than those of certain soils through
which gas had been passed. The bromine values for extracts of these soils
are shown in Figure 10. Extracts of soil which had been dried for several
weeks either at room temperature or at 80°C. gave higher ¥ romine values
than extracts of the same soil maintained in a moist condti~q.- This was
true for both control and gassed soil samples. Extracts of céntrol soils
high in organic matter (numbers 8, g, and 10 in Figure 10) and those of
soil which had been recently sterilized (numbers 7, 7 B, and 7 D in Figure
10) gave high bromine absorption values. Soil 7 C is before and 7 D after
sterilization.

Phenols. Extracts of gassed soil gave positive tests for phenols and
those from certain control soils gave negative tests. When the extracts
were of a deeper coloration than light straw, the results were unreliable
since the color produced by diazobenzene sulphonic acid in the presence
of small amounts of phenol was the same as the color of the soil éxtract.

Hydrocyanic acid and cyanogen. The illuminating gas used in these ex-
periments contained from ¢ to 21 grains of hydrocyanic acid per roo cubic
feet of gas. The average value was 16 grains per 1oo cubic feet of gas.
Qualitative tests for the presence of HCN in illuminating gas made at
many different times during the last three years were always positive,
The cyanide was in the form of hydrocyanic acid (HCN) and not as cyano-
gen (C;Ny), since no test was obtained for cyanogen in 2 N potassium
hydroxide in series with and after a 10 per cent solution of acidified silver
nitrate. Similar tests on gassed soil were positive immediately after treat-
ment but were negative a few days later, depending upon the amount of
gas passed through a given volume of soil, and the conditions of storage.
A soil which caused the copper-benzidine acetate paper to turn blue in a
few seconds was toxic to plants placed in it. Soil which gave a negative
test with this paper was either non-toxic or only slightly injurious as
shown by a temporary retardation of growth of plants placed in it. Ex-
tracts of freshly-gassed soil usually did not show a positive test for cyanide
if less than 5o cubic feet of gas had been used.

DISCUSSION

Illuminating gas injury through the soil has been attributed to dis-
placement of oxygen from the soil, to the unsaturated hydrocarbon gases
(particularly ethylene) held in the soil interstices, and to the hydrocyanic
acid in the gas. No one of these explanations has been universally accepted
as accounting for all types of injuries resulting from the passage of illumi-
nating gas through soil. As early as 1874 Boehm (2) referred to illuminat-
ing gas injury as being due to a poisoning of the soil. Since that time it
has not been established whether the plant is injured or killed mainly by
the residues left in soil or by the flowing gas.
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Results with short periods of exposure to a rapid flow of nitrogen gas
showed that before lack of oxygen became a limiting factor, the toxic
substances in illuminating gas had caused severe injury to the root
system. Whes illuminating gas escapes from leaks in gas mains, lack of
oxygen prrobably be of less importance since the physical restrictions
occurring in the field are not likely to be so effective as the walls of a pot
in confining the gas to the vicinity of the roots of a plant. Under field con-
ditions, therefore, complete displacement of oxygen from the soil would
probably not occur. In order to show that lack of oxygen in gassed soil
was the principal cause of toxic effects on plants, it would be necessary
to demonstrate by actual measurement that the oxygen content of the
gassed soil was below the minimum oxygen requirement of the roots.

Some of the responses, particularly epinasty, leaf-fall, and )g;llow‘ﬁ'fg
of leaves are known to be produced by an exposure of the plant for several
hours or longer to carbon monoxide (23) and to the unsaturated hydro-
carbon constituents of illuminating gas such as ethylene, propylene, and
acetylene (4). But no one of these constituents caused injury when used
in an amount equivalent to its occurrence in illuminating gas when the
period of exposure was one hour or less. The elimination of these particular
constituents as a possible cause of the principal injury was dependent upon
the use of short periods of exposure, since a period of exposure of several
hours or longer caused ethylene responses which masked or made more
difficult the determination of responses due to other causes.

Toxicity of gassed soil was due primarily to constituents of illuminating
gas which combined with the soil particles during the period of gas flow
and not to vapors which remained in the soil interstices as proposed by
Harvey and Rose (8). After combining with the soil these toxic constitu-
ents were not readily removed by aeration or by leaching with water, but
eventually the gassed soil became non-toxic even when stored in a sealed
container. These results indicate that the original form of the toxins in
gassed soil changed to less toxic forms. Since the displacement of vapors
in the soil interstices reduced the toxic effects of gassed soil, aerafion has
been recommended as the initial procedure in rendering gassed soil less toxic.

Since sealed samples of gassed soil held at room temperature lost their
toxicity more rapidly at room temperature than at 3° C. or at — 15° C,,
it would appear that the change in toxicity might be of a biological nature.
The hydrocyanic acid or cyanide may have been changed to other forms
of nitrogen by soil organisms. Other toxic constituents might also be
changed by the action of soil organisms.

Injuries produced by the addition of calcium or potassium cyanide to
soil were similar to those caused by illuminating gas. Since phenol, xylol,
toluol, benzol, and drip oil also caused similar injuries, the response to
cyanide in soil was not a specific one.
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Scrubbing the illuminating gas with either alkali hydroxicTe or silver
nitrate was primarily for the purpose of removing hydrocyanic acid. The
collapse of seedling tomato stems in soil or of roots and stems of tomato
cuttings in water did not occur when the illuminating ga® was scrubbed
with alkali hydroxide. Although HCN was removed from""-th cubic feet
of illuminating gas, this amount of the scrubbed gas produced the same
type of injury on the actively growing leaflets of the two upper leaves of
the tomato as was caused by the unscrubbed gas. Since one to five cubic
feet of illuminating gas could be rendered non-toxic by the scrubbers and
six to ten cubic feet could not, it would appear that some constituent other
than HCN causes,a similar type of injury on tomato leaves, or that traces
of HCN, less in amount than are required to give a positive Prussian blue
Brethigcyanate test, passed through the scrubbers.

It was shown that one-fourth of a cubic foot of unscrubbed illuminating
gas was approximately the minimum amount which produced a slight but
specific type of injury to tomato leaves. The corresponding minimum
amount of the scrubbed gas is between five and six cubic feet. On this
basis the unknown toxic constituent of illuminating gas which passed
through the scrubber is from 20 to 24 times less effective but produces the
same type of injury as the HCN in the unscrubbed gas.

Tests in which known amounts of KCN were added to the soil showed
that the minimum quantity of CN causing collapse of tomato stems was
approximately the same as that which was present in the minimum amount
of illuminating gas causing the same response. It is believed, therefore,
that the highly toxic action in soil of the illuminating gas used in these
experiments was due mainly to cyanide. The toxicity of artificial illumi-
nating gases from which all cyanide had been removed would probably be
due mainly to the unsaturated hydrocarbons, principally ethylene, and
to carbon monoxide. If large amounts of a cyanide-free artificial illumi-
nating gas escaped into soil over a long period of time, in addition to
injuries of the ethylene-induced type there would no doubt be toxic effects
caused by other constituents, even by such relatively inert substances as
the saturated hydrocarbons. Constituents of the gas which have no direct
toxic effect on the roots may play a part indirectly by changing the solu-
bilities of ions or otherwise altering the chemical relationships in the soil.
It is possible also that the biological processes might be affected. The
slightly stimulating effects on the tomato of gassed soil which had become
non-toxic upon standing for a few days, may be due to either or both
chemical or biological changes caused by the gas.

Schollenberger (14) found that a natural gas composed mainly of
methane and ethane rendered soil highly toxic to wheat and oats. Analysis
of this soil showed a marked increase in soluble manganese and ammonium
nitrogen, and lesser but distinct increases in sodium, potassium, and cal-
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cium. Sin(:re these changes frequently occur as a result of water-logging,
puddling, or other conditions which favor reducing actions, Schollenberger
concluded that the toxic effect of the natural gas in soil was due primarily
to a reduced oxygen pressure. No data concerning the oxygen content of
the soil Wera'geg’iwen. After remaining for six weeks in a closed (not strictly
air-tight) container, the gassed soil lost not only its toxicity but proved
to be slightly stimulating to wheat. Analysis of the soil at this time showed
that soluble manganese had practically disappeared. The question arises
as to whether the increase in soluble materials, particularly manganese,
may not have been the chief cause of the toxicity and not lack of oxygen.
Conclusions similar to those given by Schollenberger fer the toxic action
of natural gas were arrived at earlier by Ehrenburg and Schultze (7,
p. 81) for the toxic effects of artificial illuminating gas in soil. . -

The many more difficulties involved in the diagnosis of illuminating
gas injury through the soil as compared to the diagnosis of injury caused
by contact of aerial parts of plants with an atmosphere containing the
gas are due to distinct differences in the mode of action of the gas on plants.
In the latter case the principal constituent (ethylene) causing injury is
known and the detection of this gas in low concentrations which are toxic
to aerial parts is readily accomplished by the tomato test (3). When injury
results from the passage of illuminating gas through soil, hydrocyanic acid
and not ethylene becomes of major importance but at present all of the
toxic constituents are not known with certainty and no simple test has
been devised which can show that toxic concentrations of illuminating
gas existed in the soil long enough to produce injury to the plant.

While tests with tomato plants may be useful in detecting the presence
of ethylene in soil or escaping from soil, this method would not be a meas-
ure of the relative toxicity of the soil. Experimental results with small
volumes of soil show that relatively large amounts (several cubic feet) of
illuminating gas must be passed through soil in order to produce an injury
equivalent to that caused by confining the aerial parts with traces (less
than one to a few cc.) of the gas. The tomato plant test recommended by
Crocker (3) is designed primarily for detecting traces of ethylene and will
show whether or not the air contains enough of the gas to cause injury,
particularly epinasty and abscission of leaves, to aerial parts of plants
without reference to root injury. In the case of illuminating gas injury
through the soil, root injury is of primary importance.

Field diagnosis should not only establish the presence of the gas in
soil, but it must be shown that the amount of gas is sufficient to cause a
given type of injury. In general the responses of plants to the passage of
illuminating gas through soil were non-specific, being in many cases iden-
tical with those due to lack of moisture, high temperature, or both. Specific
responses such as epinasty and abscission of at least some green leaves oc-

)
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curred only with a slow flow of gas (2 to 5 cubic feet per da¥). Higher
rates of flow killed the leaves and usually some branches but caused little
or no epinasty and abscission. Since with a rapid rate of flow (in excess of
25 cubic feet per day) the toxic action causing wilting and drving of leaves
operated more rapidly than the processes involved in prodricing epinasty
and abscission, the principal injuries on aerial parts were not of the
ethylene-induced type.

The heavy hydrocarbon and phenol soil tests designed to show that
illuminating gas has been passed through the soil are of value in laboratory
work, but they are decidedly limited in their application to field tests.
Even though it cap be established that illuminating gas has passed through
the soil, it would not be a simple matter in all cases to show that the injury
s certain plants was caused by the gas and not by some other agent.

So Tong as large amounts of illuminating gas are passing through soil,
the medium would be toxic to new plants placed therein. However, after
the flow of gas was stopped, the soil might be rendered suitable for re-
planting by digging or spading up to a depth of from one to three feet
and allowing to remain in a fallowed condition for from one to ten days
depending upon the relative amount of illuminating gas which had been
passed through, the rate of flow, and the mechanical texture of the soil.
This method would allow most of the entrapped toxic gases to escape. After
sharp odors ceased to be given off, the soil could then be further reduced
in toxicity by application of large amounts of water. The use of water
alone, without being preceded by aeration of the soil, would require a long-
er time and would be of doubtful value except possibly in the case of
noticeably porous soil types. In laboratory experiments an amount of
water equal to at least ten times the volume of soil was required to render
a highly toxic medium non-toxic as compared to a similar reduction ob-
tained by allowing the soil to remain exposed to air (without watering)
for three to five days.

Since tomato seedlings from two to four inches tall are much more
sensitiwe to gassed soil than seedlings of most woody plants, the relative
toxicity of gassed soil in the field could be determined by planting tomato
seedlings in a four to six-inch pot of the gassed soil. Soil which was not
noticeably toxic to these tomato seedlings would be suitable for replanting
to trees or shrubs. In such a test the sample of gassed soil should be taken
at least six inches under the surface and then placed at once in a sealed
container and carried to the greenhouse where planting of the tomato
seedling should be done immediately. Seed germination tests were found
unreliable in determining the relative toxicity of gassed soil.

SUMMARY

1. When plants were injured by illuminating gas in soil, as compared

to confinement of the aerial parts with the gas, the conditions prevailing
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were distinctly different with respect to the minimum toxic amount of
gas, the principal injurious constituents, parts of the plant first affected,
tyvpe and degree of injury, and the minimum period of exposure.

2. Initial injuries resulting from a slow flow (1 to 5 cubic feet per day)
of illuminating gas consisted mainly of ethylene responses such as epinasty,
vellowing, and the abscission of some green leaves. With higher rates of
flow the initial response consisted of wilting, drying, or browning of leaves
and there was little or no epinasty and no abscission of normal-appearing
leaves. Roots of these plants were badly injured or killed.

3. Injuries were caused by the residual products of illuminating gas
remaining in the soil as well as by the flowing gas. During periods of ex-
posure of one hour or less to a rapid flow of the gas, more injury was caused
by the residues in soil than by the flowing gas. The initial injury occurped
on the roots regardless of whether the aerial parts were affected. <

4. The highly toxic effects of gassed soil were not due to such con-
stituents as ethylene, propylene, acetylene, butylene, carbon monoxide,
or to lack of oxygen. In concentrations equivalent to their occurrence in
a minimum toxic amount of illuminating gas, these constituents were not
injurious. A period of one hour or less was not sufficient to induce ethylene
responses on the aerial parts, but the roots were badly injured and in
some cases also the tops by constituents other than the unsaturated hy-
drocarbon gases. Control tests with nitrogen gas showed that lack of
oxygen was not a limiting factor during short periods of exposure to il-
luminating gas.

5. After passing illuminating gas through water, residues remained
which killed the roots and lower part of the stem of tomato cuttings.
Water charged with equal amounts of carbon monoxide, ethylene, pro-
pylene, acetylene, butylene, or natural gas (mostly methane) retarded
root growth but did not kill the roots. In the dissolved state all of these
gases and also sub-lethal amounts of illuminating gas produced various
types of bending, coiling, and swellings on roots, stimulated the growth
of branch roots, and caused the formation of a large number of abnermally
long root hairs near the root tip. Water charged with illuminating gas did
not kill tomato roots if the gas was scrubbed with alkali hydroxide.

6. Loss of toxicity from gassed soil was rapid when the medium was
stored in the open at temperatures of 20° to 80° C. Sealed samples of gassed
soil eventually lost their toxicity, but the loss was more rapid at room
temperature (20° to 30° C.) than at 3° C. or at —15° C. Storage of gassed
soil in the open for two to five days removed most of the highly toxic sub-
stances. An equivalent reduction in toxicity by leaching required a volume
Of.Wa‘Fer approximately ten times the volume of soil. Aeration of gassed
soil Wft?l nitrogen gas rendered the soil less toxic but not non-toxic. Loss

of toxicity from gassed soil was more closely associated with the disappear-

~
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ance of hydrocyanic acid than with the intensity of odors emankting from
the medium.

7. Removal of hydrocyanic acid by scrubbing the illuminating gas
with alkali hydroxide or silver nitrate rendered small amounts (1 to 5
cubic feet) of the gas non-toxic to tomato leaves. Larger afmounts of the
scrubbed gas (6 to 10 cubic feet) produced injuries similar to those caused
by the unscrubbed gas, even though complete removal of HCN was shown.
An amount of scrubbed gas from 20 to 24 times the amount of unscrubbed
gas was required to produce the same type and degree of injury.

8. The addition to soil of alkali cyanide, phenol, benzol, toluol, or drip
oil produced injuries to the tomato similar to those caused by the passage
of illuminating gas through soil. In 400 grams of moist soil the minimum
gmount of KCN which produced collapse of young tomato seedlings con-
tained \approximately the same quantity of CN as was found in the
minimum amount of illuminating gas causing a similar response. This dif-
ference in the amount of CN was usually not greater than two times. Phe-
nol was the only compound which produced a pink coloration of roots
similar to that caused by illuminating gas.

9. Tests for the presence of heavy hydrocarbons in extracts of gassed
soil and control soils showed that the degree of bromination was not a true
measure of the heavy hydrocarbons. Control soils high in organic matter
yielded brownish extracts which were not suitable for direct bromination
tests and these extracts gave high values with a modified bromine absorp-
tion method. Tests for phenols in extracts of gassed soil were unreliable
due to the presence of a color which was nearly the same as that of the dye
indicator.

10. Some of the difficulties which may be encountered in diagnosis of
illuminating gas injury through the soil in the field are discussed from
the standpoint of the results obtained in laboratory experiments with
potted plants.

11. A simple method is suggested for determining the relative toxicity
of gasstd soil, particularly with reference to replanting after the flow of
illuminating gas has been stopped, which consists of planting young tomato
seedlings in samples of the gassed soil.
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HASTENING THE GERMINATION OF DORMANT GLADIOLUS
CORMELS WITH VAPORS OF ETHYLENE CHLORHYDRIN!

F. E. DENNY AND LAWRENCE P. MILLER

In a previous paper (1) the results of preliminary tests on®the effect
of vapors of ethylene chlorhydrin upon freshly-harvested Gladiolus cormels
(bulblets) were given. At that time successful treatment of the cormels had
been obtained only after the removal of the hard outer coat. Subsequent
experiments showed that good forcing could be obtained even with cormels
having intact coaés provided that suitable concentrations of chemical
and periods of exposure were used.

"“But when the tests were made at irregular intervals upon such cormels
as were available at the time, the results were not uniform. Although
the treatment in each test hastened sprouting and increased the perdentage
of germination, the number of days of gain and the total germination
- varied widely in different tests. Until the causes of these variable results
could be learned a definite procedure for the use of ethylene chlorhydrin
with the cormels could not be recommended.

It seemed necessary to carry out systematic tests, beginning at once
after the harvest of the cormels and continuing the tests at intervals there-
after until the cormels were no longer dormant, in order to determine the
importance of the length of the natural after-ripening period upon the
response of the cormels to chemical treatment. Furthermore, in the pre-
liminary tests the sorting into sizes had been done only approximately,
and it appeared that more rigid standards as to sizing of cormels might
assist in explaining the variation in the sprouting response. The storage
condition from the time of harvest until the treatments were applied was
also considered as a possible factor influencing the response of the cormels.

Such an experiment required generous supplies of cormels of various
sizes and of different varieties. These became available in October 1932.
The présent paper gives the results of such a test, and shows the conditions
under which dormant gladiolus cormels can be treated in order to hasten
germination, and indicates approximately the results that may be expected
from such treatments with different varieties.

METHODS

Cormel size. As soon as they were harvested the cormels were sorted
by screening into four sizes. The size designated in this paper as ‘‘large”’
passed through a screen of o0.420 inch mesh with wire whose diameter was
0.080 inch, but not through a screen o.301r mesh with 0.032 wire; 100 of

! Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 71.

(31)
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these cormels weighed 40 to 5o grams in the freshly-harvested condition.
The size called “medium’’ passed through the screens mentioned but not
through a screen with o0.187 mesh with 0.065 wire; 100 of these weighed
20 to 25 grams. The size called ‘‘small” passed through the screens men-
tioned but not through a U. S. No. 4 sieve with o0.187 mesh and o.050 wire;
100 of these weighed 10 to 15 grams. The size called ‘‘very small” passed
through all of the screens and 100 cormels weighed 6 to g grams. Onlya
few experiments were carried out with the very small size.

Storage. As soon as they were screened into sizes the cormels were
counted out into lots of 100 cormels each in the case of the large size and
150 in the case of the small and medium sizes. These lots were placed in
cloth bags and equal numbers of bags of each size were stored under two
different conditions (a) in moist peat moss to prevent loss of moistureéb)
in shallow trays to facilitate drying-out of the cormels. -

Treatments. At once after harvest and at intervals of three to four
weeks thereafter bags of cormels were removed and placed in Mason fruit
jars. In the space above the bags of cormels were placed pieces of cheese-
cloth into which measured amounts of 4o per cent ethylene chlorhydrin
(CICH,CH,OH) were placed. The amounts of chemical varied usually
from 3 to 7 cc. per liter of volume of the jar and the period of treatment
varied usually from three to seven days. The jars were sealed and at the
end of the period of treatment the cormels were removed and planted in
moist soil in flats.

Germination record. When sprouts began to appear the flats were placed
in the greenhouse and at intervals of four to seven days counts were made
of the number of sprouts that had emerged. From this record a graph was
prepared for each lot showing the percentage germination at intervals after
treatment. From these graphs were obtained the data shown in the tables
in this paper.

RESULTS
LARGE, MEDIUM AND SMALL CORMELS
Per Cent Germination at Intervals -

The experiments included treatments with three concentrations of 40
per cent ethylene chlorhydrin, 7 cc. per liter for seven days, 5 cc. for five
days, and 3 cc. for three days. Although it was found that treatments with
7 cc. per liter for seven days were too strong, at least for all except Alice
Tiplady cormels, successful forcing was obtained with 5 cc. for five days
and 3 cc. for three days, these two concentrations being about equally ef-
fective. Each of these treatments was applied to cormels that had been
stored in moist moss and to those that had been stored in dry condition.
There was little difference between the results from moist and dry storage,
although somewhat more rotting of cormels occurred in the moist than in
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the dry condition. In order to make the data more easily understood, and
amenable to presentation in tabular form without complexity, the tables
were prepared from the data obtained from the treatments of dry-stored
cormels by the use of 3 cc. per liter for three days.

Remembrance. The results with cormels of the variety Remembrance
are shown in Table I. The treatments were effective at all periods of treat-

TABLE 1

ErrecT OF ETHYLENE CHLORHYDRIN UPON THE GERMINATION OF
CORMELS OF VARIETY REMEMBRANCE

Days after treatment, per cent germination

Size of Date of
céi?n(él t reatreng nt 6o days l roo days 140 days 180 days
~ Tr. | Ck. | Tr. | Ck. | Tr. | Ck. | Tr. | Ck.
Oct. 17 o o 76 13 76 48 76 60
Nov. 7 38 o 82 6 82 12 82 ¢ 14
Large Nov. 30 22 o 87 o 87 o 87 o
Dec. 20 78 o 96 o 96 o 96 6
Jan. 16 49 o 82 3 82 40 82 63
Oct. 17 o o 41 o 74 6 74 7
II:IIOV. 7 12 o 79 o 83 o 83 )
. ov. 30 76 o 92 o 92 o 92 6
Medium Dec.20 | 64 | o | 8 | o | 8 | o | 8 | 1
Jan. 16 17 o 8o 4 84 8 85 38
Feb. 14 26 o 80 o 84 18 88 42
QOct. 17 o o 41 o 63 2 68 4
Small Nov. 30 37 o 74 o 78 o 78 6
Jan. 16 10 o 82 ) 835 6 85 7
Feb. 14 30 o 52 o 60 o 68 4

ment from October 17 to February 14 although germination began at a
less early period for the first treatment after harvest, i.e., on October 17.
In all cases the treatment showed good germination at roo days after
treatment at which time either none or only a few of the untreated cormels
had appeared above ground. The results for the check lots, especially the
large size (columns 7 to 10 at top), showed that the cormels when freshly-
harvested were not entirely dormant and that they became more dormant
during storage after harvest. Plantings on November 30 showed no germi-
nation even after 180 days. Subsequently the cormels became progressively
less dormant until at the planting of January 16 fair germination was ob-
tained in 140 days. The small size gave low germinations of untreated cor-
mels even for the February 14 planting. But with*this size the ethylene
chlorhydrin treatments were successful not only on February 14 but even
on October 17.

Souvenir. The results with the variety Souvenir are shown in Table
I1. The cormels of this variety were much less dormant than those of Re-
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membranCe. Thus, the untreated cormels showed good germination after
about 100 days if planted after December and in about 180 days when

TABLE II
ErFrFECT OF ETHYLENE CHLORHYDRIN UPON THE GERMINATION OF
4 CORMELS OF VARIETY SOUVENIR
’ Days after treatment, per cent germination
Size of Date of . 80 d
cormel treatment 6o days 100 days 140 days 180 days
Tr. | Ck. | Tr. Ck. | Tr. Ck. | Tr. Ck.
Oct. 17 o o 15 o 83 30 92 77
Nov. 7 <] o 95 2 o8- 48 99 76
Nov. 30 40 o 90 12 90 67 95 79
Large Dec. 20 62 o 8o 38 8o 66 8o 79
Jan. 16 34 22 84 90 84 92 84 T2
Feb. 14 54 54 82 82 82 82 82 82
) Oct. 17 o o o o 41 ° 83 81
Nov. 7 o o 71 o 9 é 17 9 é gz
. Nov. 30 8 o 92 ) 0 54 9 3
Medium Dec. 20 34 o 81 32 81 | 68 81 73
Jan. 16 28 o 98 82 98 92 98 92
Feb. 14 37 12 90 90 92 92 92 92
Oct. 17 o o o o 14 o 68 40
" Small Nov. 30 o ) 64 o 8o 20 8o 54
Jan. 16 22 o 77 62 78 74 78 74
TABLE III
ErrFECT OF ETHYLENE CHLORHYDRIN UPON THE GERMINATION OF
CoRMELS OF VARIETY ALICE TIPLADY
Days after treatment, per cent germination
Size of Date of o
cormel treatment 6o days 100 days 140 days 180 days
Tr. | Ck. | Tr. | Ck. Tr. | Ck. Tr. | Ck.
o Nov. 7 o o 38 8 40 14 40 14
R Nov. 30 52 o 63 26 65 33 70 33
Large Dec. 20 43 14 54 16 54 17 54 38
, Jan. 16 68 14 90 30 00 42 90 66
- Feb. 14 64 23 86 42 86 54 86 82
Mar. 13 30 30 74 71 82 86 82 86
Nov. 7 <] o o o 12 12 31 31
gov. 30 8 o 16 o 22 10 22 18
s ec. 20 o o 4 4 50 18 82 27
Medium Jan. 16 38 [<) 72 20 84 27 84 43
Feb, 14 39 9 86 20 86 35 86 50
Mar. 13 8 8 62 40 08 08 98 08

planted previous to that time. But although the favorable effect of the
treatment was less pronounced with Souvenir than with Remembrance,
Table II shows distinctly earlier germinations for the treated lots. For
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example, in columns 5 and 6, for the results at 100 days after pl4nting, the
treatments in November gave high or nearly complete germinations while
the corresponding check lots showed no sprouts or very low percentages.

Alice Tiplady. The results with the variety Alice Tiplady are shown
in Table I1I. The time of the year at which the test was made was an im-
portant factor in the response to the treatment. With the large size, in
November and December the gains of treated over check lots were con-
siderable, but maximum germination was not attained at the end of 180
days even by the treated lots. The January results showed that the cormels
were losing their dormancy and the untreated lot gave 66 per cent germi-
nation in 180 days. The treated lot, however, showed 68 per cent germina-
tion in 6o days and go per cent in 180 days. In February and March the
check lots were nearly out of the dormant period, the treated lots showing
earlier germination but not a greater final percentage. A similar result was
obtained with the medium size cormels except that it was not until, March
that the treated lot failed to show distinct gains over the check not only
in rate of sprouting but also in the germination percentage which was
reached in 180 days.

Gains in Time of Germination

Table IV shows for Souvenir and Alice Tiplady the number of days
gained in the time of germination by the treatment. Columns 3 and 4
show the number of days required for 50 per cent germination in the case

TABLE IV
Gains IN TIME oF GERMINATION OF GLADIOLUS CORMELS
Var. Souvenir Var. Alice Tiplady
Size of Date of Days for Days for /
cormel treatment 50% germ. Gain, 30% germ. Gain,
————————| days || days
Tr. Ck. Tr. Ck.
° Oct. 17 118 153 37 — —_ —
Nov. 7 83 140 55 100 * —_—
Nowv. 30 62 125 63 45 105 60
Large Dec. 20 57 103 48 47 140 93
Jan. 16 63 70 5 40 110 70
Feb, 14 58 58 o 30 83 46
Mar. 15 — — — 42 60 18
Oct. 17 150 168 18 — —_ —
Nov. 7 87 168 81 180 180 o
Nov. 30 75 137 62 * * —_
Medium Dec. 20 65 112 57 120 180 60
Jan. 16 65 78 13 58 150 92
Feb. 14 67 80 13 55 130 75
Mar. 13 — — — 75 92 17

* 30 per cent germination not reached in 180 days.
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of Souvertir, and columns 6 and 7 show the time for 3o per cent germina-
tion in the case of Alice Tiplady. Columns 5 and 8 show the number of
days gained by the treatment. The table shows that gains of about 6o to
go days were obtained with these two varieties. It will be seen that the

’ TABLE V

TREATMENT OF VERY SMALL CORMELS OF VARIETIES ALICE
TIPLADY AND AMERICA

Duration of treatment, days
Vari- | Cc. per P

ety 1. I 2 3 4 7

71 57 * 58 83 81

¢ 69 73 12 01 - g2 36

6 103 70 57 59 * *

55 69 68 62 3 23

> e <

E 4 102 L 73 57 58 77 125

= 43 55 61 68 57
&

) 2 84 76 57 58 50 116

.éi 55 6o 73 04 50 37

I 130 73 61 61 6{ 58

36 66 67 54 68 59

o * * £ * # ES

14 7 17 20 13 20

7 146 121 91 62 112 121

15 16 36 3I 25 20

6 * 146 61 63 * 109

4 5 33 44 7 17

« 4 * * 84 62 107 109

-2 I0 17 23 35 2r 22
[

i 2 * * 62 67 95 74

12 12 35 36 22 30

1 * 87 61 38 83 61

8 20 34 44 32 29

o * * * * * #*

6 9 0 Ir 1o 7

Note: Ordinary type numbers show days required for 30 per cent germination in case
of Alice Tiplady and 15 per cent germination in case of America: italics show per cent
germination after 200 days; * indicates less than 30 per cent (Tiplady) or 15 percent
(America) germination after 200 days.

amount of gain was largest not in the earliest tests but usually at a later
period, being at a maximum in November for Souvenir and in December
or January for Alice Tiplady. The lower values for days gained with the
earlier treatments were due to the greater dormancy of the cormels, and
in the later periods to their lack of dormancy.
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The computations which are shown in Table 1V for Souvenir®and Alice
Tiplady could not be made for Remembrance since, as shown in Table I,
the germination of the untreated cormels was too low. If the time required
for a germination percentage as low as 15 had been adopted for the com-
parison, the untreated lots would have reached this value insless than half
of the tests made. For Remembrance cormels it is seen from Table I that
the gain due to treatment was at least more than 120 days in all but five
comparisons, and in these cases the gains were about 8o to 100 days.

TABLE VI
TREATMENT OF VERY SMALL CORMELS OF VARIETY HALLEY
Treatment Dates on which treatments were made
Cc. per |Duration,| Oct. Oct. Nov. Dec. | Jan. | Feb. | Mar. | Apr.
L. days 4 16 18 13 16 14 15 13
7 7 S *“ # 104* * * e
0 I 3 8 2r o I2 0
5 5 * 158 * 119 121 102 60
o 9 17 6 19 26 34 45
3 3 * * 132 8¢ oI 108 69
0 7 7 2 34 35 24 40
° . * * * #* * ; * E3
0 o 0 2 | o 4 | 0

Note: Ordinary type numbers show days required for 15 per cent germination; italics
show per cent germination after 180 days; * indicates less than 15 per cent germination
after 180 days.

VERY SMALL CORMELS

The results of the treatment of very small cormels are shown in Table
V and VI. Cormels of this size were very dormant as shown by the data
for the untreated lots, the germination after 180 to 200 days being less
than 25 per cent for Alice Tiplady, less than 15 per cent for America, and
less than 5 per cent for Halley. The treatments with ethylene chlorhydrin,
however, were effective in hastening the germination and in increasing the
percentage of germination. The germination reached 6o to 70 per cent for
Alice Tiplady, and 30 to 40 per cent for America and Halley. The time
required for 30 per cent germination was about 6o days for Alice Tiplady,
and for 15 per cent germination it was about 6o days for America and about
100 days for Halley.

In Table V are shown the results obtained by varying the amount
of chemical and the period of exposure. This test was made late in January
1933. It is seen that the range of concentration and period of exposure
needed for successful germination were not narrow, 1 to 6 cc. per liter for
three to four days giving favorable results for both varieties in rate and
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percentage of germination. Even a two-day treatment was satisfactory
with Alice Tiplady cormels, but with America at least three days of expo-
sure were necessary.

In Table VI are shown the results with very small cormels of Halley.
The importarce of the time of the year at which the treatment is applied
is clearly shown. Thus, no treatment was effective until after December,
but from January 16 to April 15 successful germination was obtained with
either 5 cc. per liter for five days or 3 cc. per liter for three days. And, al-
though even the most favorable treatments produced not higher than 43
per cent germination within 180 days from time of planting, in view of the
very low germinations shown by the check lots, the results may be regarded
as successful and as furnishing convincing evidence of the effectiveness of
the chemical vapors in hastening the germination of very dormant cormels.

SUMMARY

Cormels of five different varieties of gladiolus, after being sorted into
four different sizes, were treated with vapors of ethylene chlorhydrin at
once after harvest and at intervals of three to four weeks thereafter until
April or until untreated cormels gave good germination without treat-
ment.

Sprouting of cormels was hastened by the use of 3 to 5 cc. of 40 per cent
ethylene chlorhydrin per liter of air space within a closed container for a
period of three to five days.

With varieties Souvenir and Alice Tiplady about 6o to go days were
gained in the time required to reach a certain stage in germination (50 per
cent for Souvenir and 30 per cent for Alice Tiplady). With Remembrance,
although germination percentages as high as 50 or even 30 were seldom
reached by untreated lots, it is estimated that gains in treated lots were
about 100 to 180 days.

The amount of gain was largest not in the tests that were made im-
mediately after harvest but at somewhat later periods, in November for
Souvenir and Remembrance, and in December or January for Alice Tip-
lady. The lower values for days gained in the earlier treatment were due
to the greater dormancy of the cormels and in the later period to their lack
of dormancy.
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EFFECTSOF CHLORINATED WATER ON LAND PLANTS,
AQUATIC PLANTS, AND GOLDFISH

P. W. ZiMMERMAN AND RoOBERT O. BERG *

The question of toxicity of chlorinated water on growing plants arises
frequently among plant culturists and those conducting experimental
work. Chlorine is known to be destructive to microorganisms and for that
reason is used to purify the city water supplies. The practice of treating
water calls for enough chlorine so that after it reacts with the organic mat-
ter present, 0.02 t0 o.05 part of free chlorine per million of water will per-
sist for 10 to 30 minutes (1, 7). Fluctuations in the chlorine demand of the
water occasioned by the variation of organic impurities sometimes causes
a chlorine residual as high as 1.5 p.p.m. when the water reaches the con-
sumer. Daily tests at the Boyce Thompson Institute during July, August,
and September, 1933, revealed that the tap water frequently contained
0.5 p.p.m. of free chlorine, occasionally 1.0 p.p.m., and rarely 1.5 p.p.m.
The water tested highest during and immediately following rainy periods
when the impurities in the water were increased or after the inception
of a few cases of typhoid fever, during which times the chlorine dosage was
increased. ~

Heinsohn (3) detected no injury to coleus, geranium, peach seedlings,
or snapdragons watered with solutions having 2, 5, and 10 parts of chlorine
per million of water. He noted, however, that a 1000 p.p.m. chlorine solu-~
tion burned the edges of coleus leaves and the tips of leaves of peach seed-
lings and snapdragons. The number of applications required to produce the
injury was not mentioned. Krone and Weinard (4) grew seedlings of celo-
sia, gaillardia, pentstemon, petunia, phlox, verbena, and zinnia in a com-
posted loam soil in two and one-quarter inch pots and watered them with
cistern water containing o, 5, 10, 50, 100, and 500 parts of chlorine per
million Qf water. At the end of 30 days all the plants except the checks and
those treated with the 5 p.p.m. solution showed injury in some degree.
The weights and heights of the 5 p.p.m. group were less than those of the
controls, and the weights and heights of the other groups decreased irregu-
larly as the concentration of chlorine increased. Plants adjacent to pots
watered with 1100 and 2200 p.p.m. chlorine solutions were burned by
fumes emanating from the treated pots, but foliage near a pot treated with
500 p.p.m. solution was little affected.

Experiments were conducted at Boyce Thompson Institute during the
summer of 1933 in order to determine the minimum injurious concentra-
tion of free chlorine in water, the character and extent of injury from the
various concentrations, and the relative tolerances of different species of

(39)
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land plan's, aquatic plants, and goldfish. This paper reports the results of
those experiments.
MATERIALS AND METHODS

Pure anhydrous chlorine obtained from the Hooker Electrochemical
Company in the liquid state in a steel cylinder was used to chlorinate water
for the experiments. The gas was passed into the water through a glass
tube. The water was tested for free chlorine during the chlorination, and
more chlorine or water added as required to bring the solution to the re-
quired chlorine content. Low concentrations were prepared by dilution
from strong solutions of known chlorine content, and then tested to prove
their concentration. The tap water used to prepare chlorinated water and
to water the control groups usually tested from o.2 to o.5 p.p.m. of chlo-
rine.

The sodium thiosulphate method of titration was used to standardize
chlorinated water with 3 p.p.m. to 1000 p.p.m. of chlorine, while the ortho-
tolidin method was employed to standardize water with less than 3 p.p.m.
of chlorine. The iodimetric sodium thiosulphate titration was performed as
described by Treadwell (6, p. 551—558). Freshly made o.5 per cent Lintner
starch solution, c.p. potassium iodide, and a standardized o.o1 normal so-
dium thiosulphate solution were the reagents employed. Chlorine water
samples of oo cc. were taken for the titrations. From the equation, 1000
cc. N/1o sodium thiosulphate solution = 3.546 g. chlorine (1, 6), it results
that the number of p.p.m. of chlorine required in a solution, divided by
3.546, equals the number of cc. of 1/100 N sodium thiosulphate required
to decolorize 1oo cc. of a solution of the required chlorine content after an
excess of potassium iodide and starch solution has been added.

The colorimetric orthotolidin test is accepted as more nearly accurate
than the sodium thiosulphate titration for the quantitative determination
of small amounts of chlorine. For this reason the orthotolidin method was
employed for testing solutions less than 3.0 p.p.m. of free chlorine. Rea-
gents and color standards were prepared and the test performed according
to the methods of Enslow (2, p. 20~22). When the maximum color develop-
ment was reached after the addition of the reagent to water samples, this
color was compared with that of liquid standards in similar sample bottles,
and the chlorine concentration of the sample thus determined directly in
parts of chlorine per million of water.

Chlorinated water was stored in glass bottles and flasks that were
filled to the top and tightly stoppered. Early experiments showed that the
chlorine went out of solution rapidly when the water was stored in the
laboratory, since the gas is most stable in solution at a low temperature in
the dark (5). Therefore, the chlorinated water was taken to a dark cold

- room, having an average temperature of 10° C., immediately after it was
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made up to the required concentration. Tap water for the conttol groups
also was stored in the same cold room. Before each application the water
was tested, and corrected if necessary to the required chlorine concentra-
tion.

All potted plants were watered once a day with water drawn fram stan-
dardized supplies immediately before application. On Sundays the plants
were watered with tap water.

EXPERIMENTAL RESULTS

Effects on potted planis. The following 13 species of plants were grown
for treatment in composted loam soil in clay pots: oat (Avena sativa L. var.
Clydesdale), coleus (Coleus blumei Benth.), calliopsis (Coreopsis tinctoria
Nutt.), common cosmos (Cosmos bipinnatus Cav.), sulphur cosmos (Cos-
mos sulphureus Cav.), buckwheat (Fagopyrum esculentum Moench.), soy-
bean (Glycine max Merr. var. Biloxi), barley (I{ordeum vulgare L.), tomato
(Lycopersicon esculentum Mill. var. Bonny Best), tobacco (Nicotiana taba-
cum L. var. Burley), rye (Secale cereale 1.), African marigold (Tagetes
erecta L.), and wheat (Triticum aestivum L.).

The different species were not all of the same age or size when the
treatments began. Soybean was grown in four-inch pots and thinned to
six plants per pot when the seedlings appeared above ground, while the
grains were grown 11 per four-inch pot. Coleus, sulphur cosmos, tobacco,
and tomato were three to six inches high when treatments with chlorinated
water began. Calliopsis, common cosmos, and marigold were one to two
inches high in two-inch pots when first treated. An experimental group
usually consisted of four, five, eight, or ten plants of a variety. The num-
bers of pots in all groups of an experiment were always equal.

In the first experiments ten pots each of barley, buckwheat, oat, rye,
and wheat were grown in loam soil and watered daily with water having
one, three, five, seven, and ten parts of chlorine per million of water. After
three weeks the plants showed no injury from any of the treatments. The
next experiments were conducted with five groups of plants, having eight
pots each of the grains, buckwheat, oat, and wheat, treated with 5o, 100,
150, and 200 p.p.m. of chlorine. There was no injury from any treatment
except from the 200 p.p.m., which spotted and bleached the leaves of the
newly emerged seedlings. The injury progressed no further, after three
weeks of treatment all four treated groups being equal in size and appear-
ance with controls.

Buckwheat watered with 500 p.p.m. and 1000 p.p.m. of chlorine solu-
tions germinated more slowly than that watered with tap water. Seedlings
of the 500 p.p.m. group emerged one day later, and those in the 1000 p.p.m.
group three days later than the controls. Both treated groups were de-
formed and yellowed or browned when they emerged. Nearly all plants in
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the 500 p.p.m. group were dead seven days after they appeared above the
soil, while most of those in the 1000 p.p.m. group were dead five days after
emerging. The seedlings wilted and burned progressively and finally died.

In order to find out what effects high concentrations of chlorine in wa-
ter would have on established plants, three groups of plants were watered
with tap water, 500 p.p.m. chlorine water, and 1ooo p.p.m. chlorine water,
respectively. Each group contained five pots each of coleus, sulphur cos-
mos, oat, rye, and wheat, averaging six inches in height. The lower leaves
on coleus were wilted six hours after the first watering with 500 p.p.m.
solution. They browned during the succeeding days and fell off after a
week. Meanwhile the middle and upper leaves showed similar injury, but
it progressed more slowly. Roots as well as tops were browned. Lower
leaves of cosmos showed marked epinasty after two treatments. The mid-
dle leaves developed a stippling of yellow or brown spots while the lower
leaves yellowed or browned generally. After two weeks cosmos in both
treated groups were still alive but roots and tops were burned badly.
The three grains showed bleaching and wilting after the first application of
both concentrations. During the first week leaves wilted, bleached, and
browned progressively from oldest to youngest. Some plants were dead a
week after the first treatment, and many more, but not all, died during the
second week. Injury from the rooo p.p.m. solution always was more seri-
ous and more rapid in development than that from soo p.p.m. Untreated
plants within a radius of one foot from those watered with 500 and 1000
p.p.m. solutions were wilted, bleached, and browned. This must have been
due to the chlorine evolving from the chlorinated water. Krone and Wei-
nard (4) noted similar effects from higher concentrations.

Experiments thus far described were conducted in open outdoor cold
frames. Duplicate experiments with buckwheat and new experiments with
other species were carried on in the greenhouse to find whether the plants
would respond differently to daily watering with chlorinated water. While
oo p.p.m. and 150 p.p.m. did not noticeably injure buckwheat grown out-
doors and 200 p.p.m. injured it but slightly, the same concentrations ap-
plied to plants in the greenhouse produced noticeable chlorosis and the
last concentration, some stunting of growth. This difference may have
been due to the more succulent growth of the plants under glass, or to the
difference in air currents in the greenhouse and outside.

To determine more definitely the influence of a confined atmosphere
two series of buckwheat, calliopsis, common cosmos, marigold, tobacco,
and tomato were treated in the greenhouse as follows: one series grown on
the open bench and the second under bell jars were both watered daily
with water having s, 10, 350, 100, 200, and 300 p.p.m. of chlorine. After
three weeks of treatment none of the plants watered with 5o p.p.m. or less
were injured. Those watered with roo, 200, and 300 p.p.m. were injured
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both under bell jars and on the open bench. However, those undar bell jars
showed signs of injury first and the final amount of injury was greater than
on the plants of the open bench.

Syringing with water during warm sunny weather is a common prac-
tice in the culture of a number of greenhouse crops. For this reason it was
thought that injury sometimes attributed to chlorinated water by green-
house men might be due to a combination of watering and syringing with
chlorinated water. In order to determine how serious injury from syringing
and watering at the same time can be, two series of buckwheat, calliopsis,
common cosmos, marigold, tobacco, and tomato were arranged and treated
exactly like those described in the preceding paragraph, except that in this
case the tops of the plants were syringed with the same kind of water used
in watering the soil. The four series were run simultaneously. As in previ-
ous experiments no injury resulted where plants were watered and syringed
with 50 p.p.m. or less of chlorine. When water containing 100 p.p.m. or
more was used for both syringing and watering the soil, the injury was
greater than that produced by watering alone. Also, plants syringed and
watered with these high concentrations under bell jars showed more injury
than those on the open bench. The character of injury from syringing was
somewhat different from that due to watering alone. Watering with higher
concentrations of chlorinated water produced a general interveinal chloro-
sis. Syringing, however, produced a spotty chlorosis, the pattern of which
depended on the distribution of the water droplets on the leaf. Syringing
buckwheat, tobacco, and tomato with oo p.p.m. produced slightly chlorot-
ic spots. The 200 p.p.m. solution produced pale bleached spots, while the
300 p.p.m. decomposed irregular areas on the lower leaves, giving them a
scalded appearance.

While water having a chlorine concentration of 5o p.p.m. or less never
injured plants when applied in the ways and under the conditions so far
described, there was still the possibility that injury might be produced by
the same concentrations in a soil of coarser texture having less organic mat-
ter. To,test this 20 plants each of buckwheat and soybean were grown in a
composted loam soil (pH 4.8), an equal number in bank sand (pH 6.9)
having almost no organic matter, and a third equal series in a mixture of
equal parts of the loam and bank sand. Each series was then divided into
four groups of five pots each and each group watered with a different con-
centration of chlorinated water. The strengths used were tap water, 5
p.p.m., 50 p.p.m., and roo p.p.m. Watering began as soon as the seeds were
planted and continued for three weeks. Both buckwheat and soybean in
loam soil grew equally well in all treatments with the possible exception
of slight retardation of growth where 100 p.p.m. of chlorine was used (Fig.
1 A). Where a mixture of sand and loam was used instead of loam soil
alone, plants were slightly retarded from 5o p.p.m. of chlorine but not with
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5 p.p.m. This shows that with smaller amounts of organic matter in the
soil greater injury will result from a given concentration of free chlorine
in the water. Figure 1 B illustrates the comparative ineffectiveness of bank
sand for preventing toxicity of chlorine on growth of soybean. Similar re-
sults were obtained with buckwheat and soybean. From the appearance of

FIGURE 1. A. Soybeans grown in loam soil 17 days and watered daily with chlorinated
water. (1) Check, (2) 5 p.p.m., (3) 50 p.p.m., (4) 100 p.p.m. B. Soybeans grown in bank sand
17 days and watered daily with chlorinated water. (1) Check, (2) 5 p.p.m., (3) 50 p.p.m.,
(4) 100 p.p.m.

the plants it was evident that in sand even the 5 p.p.m. retarded growth
to some extent. Roots growing in sand watered with 5 p.p.m. were slightly
brown.ed, those in 50 p.p.m. browned and less extensively developed, while
those in 100 p.p.m. Were badly browned and very poorly developed. There
was no evidence of injury to the roots from chlorine in the loam soil or in
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the mixture of loam and sand. The chlorinated water had no appreciable
effect on the acidity of the sand medium over a period of three weeks.

Chlorinated water having 500 or 1000 p.p.m. chlorine burned the roots
of plants growing in loam soil, but concentrations of 300 p.p.m. or less had
no noticeable effect on root growth in loam soil or in a mixtur® of sand and
loam. Roots continued to grow well until the tops of the plants wgere badly
injured. In contrast with the bad effects of low concentrations in sand, the
soil high in organic matter neutralized or prevented 200 p.p.m. of chlorine
from injuring the roots.

Effects on root growth from tomato cuttings. In order to ascertain whether

FIGURE 2. Root growth of tomato cuttings in chlorinated water after ten days. (1) Con-
trol (tap water), (2) 5 p.p.m. of chlorine in water, (3) 10 p.p.m., (4) 50 p.p.m., (5) 100 p.p.m.

roots would develop normally from tomato cuttings in water of lower chlo-
rine concentrations the following experiment was conducted in duplicate in
the greenhouse. Glass cylinders were capped with paraffined paper and a
young tomato cutting was inserted through a center hole in each cap. The
cylinders were then filled with chlorinated water as follows: 5, 1o, 50, Or
100 p.p.m. of chlorine. A glass tube inserted into each cylinder made it
possible to draw out the old water and replace it with fresh chlorinated
water daily. Figure 2 shows the results of the experiment. Roots developed
first in the check and 5 p.p.m. solution and correspondingly later in the
others as the chlorine concentration increased. The roots were compara-
tively short in 1o p.p.m. while in 50 and 100 p.p.m. solutions the roots
grew only near the surface of the water. As can be seen in Figure 2 the
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higher concentrations of chlorine bleached the stems and killed irregular
areas of tissue. When water was tested 20 hours after being placed in the
cylinders, it was found that the amount of chlorine remaining in solution
varied from one-tenth to one-third of the original chlorine. This fluctuation
may have betn due to variations in illumination and temperature. When
the same,experiment was run with cylinders covered with black paper the
chlorine remaining in solution was alway s greater than that in comparable
uncovered cylinders.

Effects of chlorine on cut flowers. The question of whether chlorinated
water impairs the keeping qualities of cut flowers is frequently raised. In
order to answer this question cut flowers of snapdragon (Antirrhinum
majus L.), Gerbera sp., Gladiolus sp., and Rosa (hybrid teas) were placed
in solutions of chlorine as follows: g, 10, 50, 100, 200, 300, and 500 p.p.m.
The 3 p.p.m. and 10 p.p.m. solutions had practically no effect on the flow-
ers. Rifty parts per million usually shortened the span of usefulness of
gerberas and snapdragons but had practically no effect on the gladiolus or
roses. Since tap water has never more than 1.5 p.p.m. it is safe to conclude
that such chlorinated water is not apt to interfere with the lasting qualities
of cut flowers. There may exist, however, some very sensitive species which
should be tested.

Effects on goldfish and aquatic plants. Fish fanciers have sometimes
expressed the belief that the chlorine in city water may be injurious to
goldfish and aquatic plants. A few experiments were tried in an effort to
throw some light on this problem. Six battery jars were kept on the labora-
tory table at the same temperature and away from sunlight. One jar, the
check, contained three liters of tap water that had been standing in the
open for at least 24 hours so that the chlorine content was always near
zero. The other five jars contained three liters of a solution having o.3,
1.0, 1.5, 2.0, or 3.0 p.p.m. of chlorine. Each jar contained eight sprays of
Cabomba caroliniana Gray, four sprays of Elodea canadensis Michx., and
one of each of the following goldfish, Carassius carassius L. varieties Fan-
tail, Common, and Shubunkin, all roughly comparable in size,and ap-
pearance. Water was replaced daily by fresh chlorinated water of the re-
quired strength and of equal temperature. Fish that died were replaced in
kind before the next renewal of water, because it was found in preliminary
experiments that when there are fewer fish in a container they succumb to
chlorinated water more easily. Over a period of six days three fish died in
the 3 p.p.m., one in the 2 p.p.m., and none in any of the other jars. At this
time none of the aquatic plants showed any injury except in the 3 p.p.m.
solution, where both Cabomba and Elodea were slightly chlorotic. It was
found that the chlorine concentration fell rapidly with the aquatic plants
present; for example, the water that originally had had 3 p.p.m. of chlorine
had only o.2 p.p.m. after three hours, while the 2 p.p.m. dropped to o.1
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p.p.m. in the same time. The plants were removed from the jaPs to find
whether they had counteracted the toxic effect of the chlorinated water on
fish. At the same time, the 3 p.p.m. treatment was discontinued because
it appeared to be toxic to some degree. During the succeeding eight days
four fish died in the 2 p.p.m., two in the 1.5 p.p.m., and none in the other
jars. This may indicate that the water plants had inhibited the togic action
of the chlorinated water during the first six days, but variations in the rate
of loss of chlorine made it impossible to show by tests that the plants re-
moved some chlorine from the water and thus protected the fish. The small
number of fish used and a number of variable influencing factors make it
unwise to draw any final conclusions, though it seems likely that 1.3
p.p.m. without the presence of plants was toxic to goldfish.

Of a total of ten fish killed during 14 days, five were Fantails, three
of the Common variety, and two Shubunkins. The original numbers of
each variety in all treatments were equal. In this and in other experi-
ments, Fantails usually succumbed to the action of chlorinated water more
rapidly than Common or Shubunkin goldfish. It appeared also that the
Shubunkin goldfish were more resistant than the Common variety.

It was desired to compare the effects of a constant renewal of water
to keep the chlorine content constant with the effect of renewing water
only once a day. In the first treatment the chlorine concentration remains
nearly constant while in the second it falls rapidly as has been shown. In
five experiments one of two jars had a steady inflow of chlorinated water
at the rate of about four liters per hour. The second jar, a check on the
first, did not have the water replaced after the initial filling from the same
source. Both jars had equal numbers of comparable fish and the experi-
ments were run for from three to eight hours. The constantly renewed
water killed fish at as low a concentration as 1.0 and 1.5 p.p.m. in eight
hours, while fish in the check jar were normal the next day. This may indi-
cate that where chlorinated water flows into the container constantly there
is likely to be injury from a lower chlorine concentration than where the
water isJenewed only once a day.

Cabomba and Elodea showed some chlorosis from 3 p.p.m. renewed daily
after a week of treatment. Two days in 5 p.p.m. bleached both species
badly, but when the sprays were placed in tap water the terminal buds un-
folded fresh green leaves after a few days. Five days in 5 p.p.m. killed
both species so that they could not be revived.

SUMMARY

1. None of the species of plants grown in loam soil and watered, syr-
inged, or watered and syringed with chlorinated water having 5o p.p.m.
or less of chlorine in water, were injured or retarded when grown in pots in
cold frames, on open benches in the greenhouse, or under bell jars in the
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greenhouse. Chlorine concentrations of roo and 150 p.p.m. injured or re-
tarded some plants but had no effect on others. Concentrations of 200 and
300 p.p.m. always produced some degree of injury to the tops but had no
appreciable effect on roots. Concentrations of 500 and 1000 p.p.m. re-
tarded the emergence of seedlings, burned and usually eventually killed
tops and roots of plants.

2. A combination of watering and syringing generally produced greater
and more rapid injury than watering the soil alone. Syringing the tops
usually was somewhat less injurious than watering the soil with the same
solutions.

3. Injury from all treatments was in most cases more serious and more
rapid in the greenhouse than in open cold frames, and worse under bell jars
in the greenhouse than on the open greenhouse bench.

4. Tops of plants grown in a mixture of equal parts of loam and sand
were retarded in top growth by solutions of 50 p.p.m. and 100 p.p.m. but
not by 5 p.p.m. Roots were never injured in this soil. Plants grown in sand
were retarded in root and top development by solutions of 3, 50, and 100
p.p.m. chlorine, the degree being somewhat in relation to the concentra-
tion of chlorine in the solution.

5. Chlorinated water applied to sand and to loam soil for three weeks
had no significant effect on acidity of the media.

6. Roots from tomato cuttings in chlorinated water were retarded in
size directly as the chlorine concentration increased from 10 p.p.m. but
they were not affected with 5 p.p.m.

7. Cut flowers were not affected with free chlorine in water up to 10
p.p.m. Fifty parts per million injured gerbera and snapdragons but not
gladiolus or roses.

8. Under the conditions stated in the text goldfish were killed by chlo-
rine solutions of 1.5, 2.0, and 3.0 p.p.m. where the water was changed daily.
Where water was constantly renewed, concentrations of 1.0 and 1.5 p.p.m.
were toxic. Fantail variety appeared to be less resistant than the Common
variety of goldfish, while the Common variety was less resistant than the
Shubunkin variety.

9. Aquatic plants appeared to counteract in some degree the toxic
effects of chlorinated water on fish. Cabomba and Elodea were discolored by
chlorinated water containing 3 p.p.m. in one week when the water was re-
freshed daily. A concentration of 5 p.p.m. produced injury in two days and
death in four days.
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CELLULAR CHANGES IN RING-SPOT!

Marg W. Woobs?

a

Priode (9) made freehand sections of stem lesions of ring-spqt in New
Zealand spinach, but did not attempt to make a detailed microscopical
study of them. The occurrence of intracellular bodies in lesions of ring-spot
has been reported by the writer (14). To date there has been no published
work describing the general cytological and histological changes that occur
in the leaf as a result of lesional development. The present paper reports
results of such observations.

Price (8) has given a general review of the more important literature of
ring-spot. The literature dealing with cytological and histological studies
of other virus diseases is very large. Goldstein (5) and Cook (1, 2) have pre-
sented excellent reviews of much of this.

MATERIALS AND METHODS

The methods of growing plants under the usual greenhouse conditions,
and the collection of material therefrom, have already been described (14).
The ring-spot disease worked with is that which was first definitely de-
scribed by Fromme, Wingard, and Priode (4).

A comparative study of lesions formed under rigidly controlled environ-
mental conditions was not attempted. Under the conditions obtaining in
the various experiments certain types of lesions were regularly obtained.
These are referred to as chlorotic, partly necrotic, completely necrotic, etc.
Both living and preserved material were examined in these studies. In the
latter case lesions were fixed in either Flemming's weaker solution or in
formol-acetic-alcohol as previously described (14). Most of the material
was stained with Flemming’s triple stain, but safranin and light green
and Heidenhain’s iron-alum haematoxylin (with or without a counter-
stain) wgre sometimes used. The methods of growing plants under special
conditions are described elsewhere in this paper.

1 By permission of the Boyce Thompson Institute for Plant Research, Inc., Yonkers,
New York, an investigation on ring-spot, which was begun there in the summer of 1931, has
been carried on in the Department of Botany at the University of Maryland in partial ful-
fillment of the requirements for the degree of Master of Science. This paper represents part
of the thesis requirements.

2 The writer wishes to acknowledge his indebtedness and appreciation to Doctor L. O.
Kunkel, formerly of the Boyce Thompson Institute for Plant Research, and to Professor
Charles E. Temple of the University of Maryland, for their valuable suggestions, criticisms,
and encouragement during the progress of this work. The writer’s special thanks are also due
members of the staffs of the Boyce Thompson Institute and the Department of Botany at
the University of Maryland for the many kindnesses and facilities extended to him.

(51)
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LESIONS FORMED ON NICOTIANA TABACUM L. VAR. TURKISH
PRIMARY LESIONS

In Turkish tobacco the lesions that developed on inoculated leaves
during the months of June, July, and August in the greenhouse were
typically much less necrotic than those produced during the fall and winter
months. 1n the summer, primary lesions of ring-spot appeared in from two
to four days after inoculation of vigorous young Turkish tobacco plants.
Such lesions were usually circular varying from slightly less than one milli-
meter to two millimeters in diameter. They generally consisted of a narrow
necrotic ring surrounding a normal-appearing central island of tissue. The
latter sometimes contained a central necrotic spot only a few cells in diam-
eter. Occasionally, however, the whole first-visible lesion was completely
necrotic. In either case alternating bands or fine rings of normal-appearing
and necrotic or chlorotic tissue developed around the center of the lesion.
Typical primary summer lesions of ring-spot are shown in Figure 1 A, B,
and C.

It was desired to observe microscopically as well as macroscopically
various stages in the development of primary lesions in the living leaf.
Several leaves on each of a number of vigorous young Turkish tobacco
plants were therefore inoculated with ring-spot virus on June 13. The
plants were grown in the greenhouse until June 16 when the first lesions
were observed. On the latter date three plants were removed from the
greenhouse to a south window of the laboratory where they were grown
during the rest of the experiment.

The plants in the greenhouse made the most rapid growth and devel-
oped the most severe necrotic symptoms. The latter seemed to be due to
the rapid desiccation of diseased tissues that occurred in the greenhouse.
Typical summer lesions developed on the plants removed to the labora-
tory. These, though less necrotic, were essentially like those formed in
the greenhouse, and were very desirable for study. Five primary lesions
on the plants in the laboratory were selected for detailed study.

Three of the lesions studied are shown in Figure 1 A, B, and C. The
photographs were made nine days after inoculation at the conclusion of
the experiment. The first visibly affected areas were not observed early
enough to warrant any conclusions as to their mode of formation. The
development of the secondary, tertiary, etc., necrotic areas were therefore
studied in detail. The sequence of events leading up to visible necrosis ap-
peared to be much the same in the different lesions studied.

Apparently during the night changes took place in the cells of the meso-
phyll that resulted in the formation of visibly necrotic areas in the leaf.
'Suc.h areas were not visible until midnight or later. At first they were very
indistinct, generally not becoming clearly visible until the middle of the
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day. Macroscopically such areas appeared water-soaked in the eat’ly stages
of breakdown, varying in color from green to grayish-green, and were
much more in evidence by transmitted than by reflected light. Cell break-
down seemed to be limited almost entirely to the mesophyll. The palisade
layer was generally the first affected, the spongy layer breaking down con-
siderably later or not at all. In some instances, however, the sporgy layer
was the first to become necrosed.

FIGURE 1. Primary lesions of ring-spot in Turkish tobacco. A, B, C, summer lesions
nine days after inoculation; D, cells in a lesioned area four days after inoculation, the plastids
showing starch retention, X60o; E, necrotic palisade cells in a “summer" lesion three days
after inoculation; F, necrotic palisade cell containing numerous starch grains, three days
after inoculation, X 700; G, section through periphery of a necrotic area of a “winter” lesion
showing abrupt transition from necrotic to nearly normal cells, four days after inoculation,
X 400; H, tangential section of a “summer” lesion four days after inoculation, Xzo0; J,
tangential section of periphery of a “winter” lesion four days after inoculation, Xs53; K,
section through a necrotic area adjacent to a secondary vein in a “‘winter”” lesion seven days
after inoculation, X 105.

In early stages of necrosis water lost by the affected cells had gone into
the intercellular spaces giving the tissue a translucent or water-soaked ap-
pearance. This loss of water from the protoplasts of affected cells appeared
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to be ac-éompanied by degeneration of the cytoplasm, and usually the
chloroplasts as well. In some cells, however, disintegration of the chloro-
plasts apparently did not occur.

Drying of the affected areas usually proceeded rapidly. By the middle
of the day oni which necrosis was first visible the affected cells were gener-
ally completely collapsed, leaving a marked depression in the lamina.
Sometimes, however, the loss of water from the diseased cells must have
proceeded slowly. In certain instances the first stages of necrosis did not
become visible until about noon, later stages of necrosis not appearing
until evening. In any case, drying of the affected tissues was accompanied
by a transition from the water-soaked grayish-green or whitish-green ap-
pearance to a brownish-white or brown color. The epidermal and guard
cells often remained turgid considerably after the underlying mesophyll
had collapsed. The necrotic areas occasionally enlarged somewhat during
the drying out process, but as a rule the greater portion of these regions
formed at about the same time.

On plants grown in the greenhouse the general sequence of events in
the breakdown of the mesophyll was essentially the same as that encoun-
tered in the laboratory plants. The chief differences were a more rapid
drying out and collapse of the cells in the affected areas of the greenhouse
plants. In either case those events immediately preceding visible break-
down in the leaf seemed to have occurred at night. During the following
daylight hours necrotic areas were merely accentuated by drying out and
collapse of the diseased cells. ‘

Cook (3) in reporting studies of a spotting of mosaic-diseased tobacco
leaves in Porto Rico observed that the affected cells appeared to break
down during the night, later drying out and collapsing. The general se-
quence of events in the formation of necrotic areas in ring-spot is essen-
tially like this. In ring-spot the number of necrotic rings formed is not
necessarily equivalent to the number of periods of darkness, but there
seems to be some correlation between the two. The fact that certain areas
within a lesion may not become necrotic for many days indicates that
some of the cells must develop a tolerance to the virus. It seems possible
that those cells invaded during the day are more likely to remain alive
than those invaded during the night. Much more information is needed
on these points, however.

Further studies of primary lesions in Turkish tobacco were made in
prepared material. All cytological and histological studies of primary le-
sions were made in relatively mature leaf tissue. The sequence of events in
cell breakdown, as determined from studies in sectioned and stained ma-
terial, appeared to be essentially the same in both summer and winter
lésions. As already pointed out, however, necrosis was much more exten-
sive in the latter. In either case the first sign of cell alteration observed
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was an abnormal accumulation of starch in the plastids. The same phe-
nomenon has been observed in mosaic-diseased tobacco leaves by Holmes
(6), Samuel (10), and Woods (12, 13). Price (8) has observed that non-
necrotic areas of ring-spot diseased leaves of Turkish tobacco may retain
starch abnormally. Narasimhan (7, Fig. 2c) illustrates cells from spike-
diseased sandal leaves that contain larger than normal starch grains in
their chloroplasts.

In ring-spot material the chloroplasts of some of the diseased cells con-
tained large starch grains that contrasted sharply with the smaller grains
in chloroplasts of more normal cells. Many of the cells of the mesophyll
thus affected appeared to be normal in other respects. Figure 1 D shows
several cells from the periphery of a winter lesion four days after inocula-
tion. The material was collected early in the morning and fixed in Flem-
ming’s weaker solution and stained with the triple stain. The plastids in
cells outside of the lesioned area were apparently free of starch,. those
shown in the figure contained large starch grains. Some of the cells in the
lesioned area displayed no symptom of disease other than the retention of
starch.

Following the inhibition of starch hydrolysis the next visible sign of cell
breakdown seemed to be a disintegration of the chloroplasts, followed or
accompanied by alteration of the cytoplasm, and nuclear degeneration.
In some cells only a few of the plastids were disintegrated before the cells
dried out and collapsed, but in other instances nearly all of the plastids
were broken down first. It was not possible to correlate definite stages of
nuclear breakdown with particular stages or amounts of plastid disintegra-
tion.

Cells of the mesophyll in the early stages of breakdown contained a
fine granular material that often extended into the vacuole. In later stages,
this material more or less completely filled the lumen before drying out and
collapse of the cell occurred. This granular material was apparently a
product of plastid degeneration. In the early stages of breakdown it
stained with the triple stain about as the normal plastids, but in more ad-
vanced stages it exhibited a much greater affinity for safranin.

In lesions fixed in Flemming's weaker solution, cells in early stages of
breakdown often showed much better penetration of the fixing fluid than
did normal cells. This was evidenced by the excellent fixation of the ap-
parently normal nuclei in some of the diseased cells, whereas in the cells
of the normal-appearing regions of the leaf the nuclei were very poorly
preserved. Formol-acetic-alcohol, however, gave uniformly good fixation
throughout.

Though not always the case, nuclear degeneration generally seemed to
have occurred after destruction or severe modification of the cytoplasm.
The nuclei of cells in the early stages of breakdown tended to stain more
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heavily with the safranin than those in apparently normal cells, and were
sometimes smaller than normal. In many instances, however, cells that
contained much granular material with few recognizable plastids con-
tained nuclei of apparently normal form and staining reaction.

In complétely necrotic cells remnants of plastids, nucleus, and cyto-
plasm were often discernible, but in a much altered condition. In many in-
stances, however, the necrotic cells formed an indiscriminate mass. After
applying safranin and light green the walls of completely necrosed cells
stained green as in normal cells, but the shrivelled remains of the proto-
plast stained bright red. Starch grains were often present in the remains
of the protoplasts.

Figure 1 E shows three cells from the palisade parenchyma in a necrotic
area of a primary lesion in Turkish tobacco three days after inoculation.
The two cells on the left were completely necrotic whereas the one on the
extreme right was in an intermediate stage of breakdown. Numerous large
and small starch grains were visible in the completely necrotic cells. In one
of them the remains of the nucleus can be seen.

Figure 1 F shows in the center a completely necrosed palisade cell in a
primary lesion from Turkish tobacco three days after inoculation. Com-
plete plastid disintegration had occurred in this cell. Numerous starch
grains were present in the remains of the protoplast. This material was
fixed in formol-acetic-alcohol and stained with safranin and light green.
Starch grains were also readily demonstrated in the remains of such
necrotic cells by staining untreated material with iodine-potassium iodide
solution.

In both summer and winter primary lesions collected four to eight
days after inoculation all of the above mentioned stages in cell break-
down were frequently observed. In summer lesions the central islands of
macroscopically normal-appearing tissue contained many cells that ap-
peared to be uninjured in any way. By studying lesions collected early in
the morning, however, it could be seen that there was nearly always a
region about three palisade cells in width near the visibly necrosed area in
which the chloroplasts contained more starch than normal. In some
lesions all, or nearly all, of the cells of the central island displayed this ab-
normality. In material collected in the afternoon the presence of starch in
all cells of the mesophyll tended to mask this symptom. The palisade often
seemed to be more severely affected than the spongy parenchyma.

A transitional zone, several palisade cells wide, often existed between
the more or less normal-appearing cells in the center of the lesion and the
completely necrotic portions. In this transitional area various intermediate
stages in cell breakdown occurred. In some instances the transition was
very abrupt, normal-appearing cells (except for abnormal amounts of
starch in the plastids) lying adjacent to completely necrotic cells. Similar
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transitional regions existed between the necrotic rings and green’ bands of
tissue encircling the centers of the lesions. Intracellular bodies were seldom
observed in lesions collected only four to eight days after inoculation. The
occurrence and description of these inclusions have already been reported
(14). ‘

Primary winter lesions of ring-spot collected in December, fous to seven
days after inoculation, were studied. In all of the lesions observed there
was a transitional zone between part or all of the peripheral necrotic region
and normal-appearing areas of the leaf. This transitional zone was gener-
ally wider and more obvious than in summer lesions varying from one to
about six palisade cells in width. In some places, however, the transition
was very abrupt as shown in Figure 1 G.

In Turkish tobacco the veins of the leaf during summer or winter were
much more resistant to necrosis than the mesophyll. In or very close to the
necrotic regions, however, alteration of the veinal tissues sometimes oc-
curred. In larger veins usually only the border parenchyma cells were
affected. Small veins were often completely necrotic. A typical condition
is illustrated in Figure 1 H. Macroscopically this lesion was characterized
by the presence of two necrotic rings enclosing areas of apparently normal
tissue. Most of the small veins, as can be seen in the figure, were necrosed
where they crossed the necrotic areas. There seemed to be no tendency,
however, for the necrosis to follow along the actual veinal tissues as some-
times occurred in certain other suscepts.

In some lesions the necrotic areas tended to follow along the larger
veins as shown in Figure 1 B and C. In such lesions, however, the break-
down was confined to the bordering mesophyll rather than to the veins
themselves. Figure 1 J shows a portion of a winter lesion four days after
inoculation, in which the veins included in the visibly lesioned area were
necrosed to about the same extent as the adjacent mesophyll. In the cen-
tral necrotic area, the veins formed an intensely staining, shrunken mass
in which the remains of the vascular elements were distinguishable. In the
transitianal region the xylem elements of the veinlets appeared unaffected,
but the bordering parenchyma cells generally contained partly disinte-
grated plastids and degenerate nuclei.

Though not usually the case, secondary veins were sometimes slightly
necrosed in lesioned areas. Figure 1 K shows a cross section through a
secondary vein in a primary winter lesion seven days after inoculation.
The necrotic area for a considerable distance along this vein was not more
than one parenchyma cell layer away from the vascular elements. In
limited areas even a few of the phloem cells were necrotic.

Primary lesions of the summer type, 15 days or more after inoculation,
were generally characterized by more extensive necrosis than in younger
lesions. Areas one to three palisade cells wide, close to the completely
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necrotic regions, often contained cells with fewer and smaller than normal
chloroplasts in addition to granular debris. The cytoplasm in these cells
was apparently not altered severely and the nuclei generally appeared to
be uninjured. Breakdown in these transitional cells had apparently pro-
ceeded very gradually in contrast to the rapid breakdown that had obvi-
ously occurred in the formation of the first necrotic areas of the lesions.

In many cells the plastids were considerably disintegrated although the
cytoplasm and nuclei appeared to be still intact. Sometimes the cytoplasm
in the transitional cells appeared to be thickened. This may have been due,
however, to an accumulation of some product of abnormal cell metabolism.
The occurrence of this cytoplasmic thickening often seemed to be associ-
ated with the presence of intracellular bodies in the diseased cells. These
inclusions were observed much more frequently in lesions several weeks
old than in those collected only a few days after the inoculation.

SYSTEMIC LESIONS

The cytological pictures in systemic lesions in regard to disintegration
of the protoplasts were generally essentially the same as in the primary
lesions. Histologically, however, the various tissues of the leaf displayed
certain peculiar modifications. The type of modification that occurred in
most instances seemed to have been due to the age of the leaf at the time
of the death of certain cells and the resultant change in the mechanical
structure of the leaf. All of the abnormalities observed, however, cannot
be attributed to mechanical changes alone.

From studies in a number of systemic lesions, collected at different
times of the year, it was concluded that the cytological and histological
pictures in summer and winter systemic lesions were essentially the same.
Necrosis tended to be a little more extensive in the latter, however.

Portions of the mesophyll were often destroyed while the leaf was very
young. Figure 2 B is a photomicrograph of a section cut through a young
leaf 15 days after inoculation. This leaf was about one centimeter long, and
was abnormally chlorotic. No necrotic areas were observed macroscopi-
cally. The distribution of necrotic cells in the mesophyll can be seen in the
figure. These are darkly stained and more or less collapsed. Necrosis was
limited to several narrow bands running across the lamina. Intracellular
bodies were not observed in leaves of this age.

In certain areas of systemic lesions from older leaves, such as the leaf
shown in Figure 2 A, necrosis was sometimes limited entirely to the pali-
sade parenchyma. In many lesions examined the palisade must have been
killed while the leaf was very young. Figure 2z E shows a section through
a necrotic area of a systemic lesion 15 days after inoculation. The palisade
and lower spongy parenchyma were extensively necrotic. This peculiar
distribution of necrosis was commonly encountered in systemic lesions, the
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FIGURE 2. Systemic lesions of ring-spot in Turkish tobacco. A, 15 days after inoculation;
B, section through a lesioned area of a young leaf, X480; C, palisade cells from a normal-
appearing area of a systemic lesion 15 days after inoculation, X 840; E, necrotic palisade and
lower spongy parenchyma in a systemic lesion 15 days after inoculation, X114; F, necrotic
areas in a lesion 15 days after inoculation. At one point the mesophyll is completely necrotic
although the epidermal cells are apparently uninjured, X 222; G, partially necrotic meso-
phyll in a lesion 15 days after inoculation, X 6oo; H, normal-appearing area of same lesion,
X 600; J, activated epidermis over completely necrotic mesophyll 15 days after inoculation,
X510; K, enlargement of certain cells of the mesophyll in a systemic lesion 135 days after in-
oculation, X 114.



60 CONTRIBUTIONS FROM BOYCE THOMPSON INSTITUTE [Vor. 6

palisade b‘éing more often necrotic than the spongy layer. In either case the
remaining cells of the mesophyll were likely, though not always, to show
some plastid degeneration.

Figure 2 G shows a section through a necrotic area in another systemic
lesion 15 days after inoculation. The palisade and lower spongy paren-
chyma were obviously killed while the leaf was very young. Some of the
spongy parenchyma around a portion of the vein was also necrotic. The
epidermis was apparently unaffected. A stoma can be seen opening di-
rectly into the necrotic area in the lower mesophyll. Figure 2 H shows a
normal-appearing area of the same leaf. Figure 2 F shows a cross section of
a necrotic area in lesion number one in Figure 2 A. This illustrates a con-
dition frequently observed. The mesophyll in certain areas was completely
necrotic, the epidermal cells and trichome being apparently uninjured.

The upper epidermal cells, remaining alive after all of the mesophyll
had been killed, sometimes became active forming several layers of cells
over part of the necrotic area. This condition was observed in several
lesions. Figure 2 ] shows two and three layers of cells derived from the
upper epidermis over completely necrotic mesophyll in a systemic lesion
15 days after inoculation. The cells contained no plastids, and were appar-
ently devoid of abnormal granular material.

In some lesions where portions of the mesophyll had become necrotic
before the leaf was fully developed, a few abnormally large cells were ob-
served. Figure 2 K shows a section through a lesion 15 days after inocula-
tion. Certain cells of the spongy parenchyma were considerably enlarged,
containing prominent nuclei. These cells contained very few plastids and
but little granular debris. Some of them were nearly surrounded by necrot-
ic tissue. Another type of cellular modification that sometimes occurred
was a suppression in length of some of the palisade cells and in the develop-
ment of intercellular space in the spongy parenchyma. These changes in
the structure of the leaf were never very extensive and occurred only ad-
jacent to necrotic areas. Woods (13) found that in the chlorotic areas of
mosaic-diseased tobacco leaves the whole mesophyll was made up »f more
or less isodiametric cells with little intercellular space. Similar observations
have since been made by numerous other workers. In ring-spot the cells
are usually killed rather than merely retarded in their development.

Chlorotic areas such as those occurring in the systemic lesions shown
in Figure 2 A contained cells in various stages of disintegration. Figure
2 D shows at the bottom portions of two palisade cells in which almost
complete protoplasmic disintegration had occurred. In the two cells just
above these the plastids were almost completely disintegrated, but the
nuclei and cytoplasm were not visibly broken down. The two uppermost
cells in the figure contained a few plastids that were still recognizable.
Normal-appearing cells from a green area of the same lesion are shown in

P
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Figure 2 C. The chief difference between these chlorotic cells and the
transitional cells described under primary lesions was that plastid dis-
integration had generally proceeded farther in the former before collapse
and drying out of the cells occurred. This seemed to be due to the greater
persistence of the cytoplasm in the chlorotic cells of the systemic lesions.

In some of the chlorotic areas there seemed to have been a syppression
of the number and size of the chloroplasts. In such cases the chlorcplasts
were about two-thirds the size of those in the normal-green portions. It
was always difficult to determine, however, whether chlorosis was due
either to plastid suppression, disintegration, or both. Cook has advanced
the theory that tobacco mosaic virus inhibits the chloroplasts for a time.
He states (1, p. 69), however, that his . . . studies do not include a study
of the lesions which frequently occur in connection with virus diseases of
plants.”

LESIONS FORMED IN CONTINUOUS DARKNESS

Price (8) has shown that ring-spot lesions produced on Turkish to-
bacco plants grown in continuous darkness consist of water-soaked areas
or solid necrotic spots. In the present study results essentially in accord
with those of Price were obtained. In one experiment one-half of each of
three leaves on two Turkish tobacco plants were inoculated with ring-
spot virus. One plant was placed in the laboratory under a bell jar from
which all light was excluded, the air inside being kept saturated with
moisture. The other plant was placed in a dark cabinet about one foot
away in which the air was kept relatively dry by calcium chloride. Soil
moisture was kept approximately the same in both cases. Both plants were
thus subjected to practically the same conditions with the exception of
humidity of the atmosphere.

Seven days after inoculation each of the inoculated halves of the leaves
from the plant grown in dry atmosphere contained from one to four com-
pletely necrotic slightly brownish-gray lesions. The transition from com-
pletely necrotic to normal-appearing tissue was generally abrupt though
some of the lesions appeared to be surrounded in part by a very faint
chlorotic halo. The uninoculated halves of the leaves were normal in
appearance.

The inoculated halves of the three leaves from the plant grown in
water-saturated atmosphere contained lesions that were decidedly yellow-
chlorotic. On the largest leaf inoculated several of the lesions had coalesced,
the central portion of each being marked by a small gray necrotic spot.

The experiment was repeated some time later with essentially the same
results. Material from both experiments was examined cytologically as in
the preceding studies. Except for the complete lack of starch in any of the
cells and the completeness of plastid breakdown, the lesions formed in
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darkness En dry air resembled somewhat the typical primary winter lesions
previously described.

Sections of lesions formed on plants in darkness in humid air presented
quite a different aspect from those formed in dry air in darkness. The cells
of the central chlorotic areas were not collapsed and were more or less
filled with granular debris. The nuclei of these cells were shrunken and
heavily stained, and the cytoplasm had apparently been disintegrated. In
some of the cells numerous hyaline spheres that seemed unmistakably to
be remnants of plastids were present. These hyaline spheres, which were
about the size of chloroplasts, may be similar to the transparent vesicles
observed by Sorokin (11) in mosaic-diseased tomato cells. She also found
granular material in cells which were devoid of their normal contents.
Cells outside of the chlorotic areas of the lesions formed in humid air in
darkness did not show any signs of degeneration.

The primary lesions formed under the two sets of environmental con-
ditions, just described, did not differ appreciably in size. In either case
most of the chloroplasts were completely disintegrated before final col-
lapse of the cells. There was some evidence, however, that plastid break-
down was slightly more extensive in those lesions formed in humid air.
The hyaline spheres observed in the lesions from the plants grown in humid
air probably do not constitute an important point of cytological difference
between the two. Such structures have been observed in other experiments
in primary lesions formed in continuous darkness in relatively dry air.
All of the above mentioned cellular modifications were observed in lesions
fixed in Flemming's weaker solution, as well as in formol-acetic-alcohol.

Both living and fixed material were examined from primary lesions
formed on plants grown in continuous darkness in a dark chamber in the
greenhouse as well as in another one located in a building near-by. The
situation in these lesions, which were completely necrotic, was practically
identical with that in lesions formed in dry air as already described. In-
tracellular bodies were not observed in any of the lesions formed in con-
tinuous darkness. It seems that these structures do not develop When the
cells are very quickly killed.

LESIONS FORMED ON SUSCEPTS OTHER THAN TURKISH TOBACCO

Cytological and histological studies were made in primary lesions in
Nicotiana tabacum L. var. Havana Seed-leaf, N. rustica L., N. glutinosa
L., N. glauca R. Grah., and Petunia sp. These studies, while not as ex-
tensive as those made in Turkish tobacco, indicated that the stages in
cell breakdown and the relative resistance of the different tissues to the
Eirus were not essentially different from those observed in Turkish to-

acco.



10341 Woops—CELLULAR CHANGES IN RING-sPOT 63

VIGNA SINENSIS ENDL. VAR. BLACK-EYE ’

In Blacl_c—eye cowpea Fhe vascular tissues were particularly suscepti-
ble to the virus. This was in marked contrast to the other suscepts. Vigor-
ous young plants of this cowpea were nearly always readily infected with
ring-spot by inoculating exactly as in the case of tobacco. Plants inoculated
through the first simple leaves or the first compound leaves developed
primary symptoms of ring-spot within three to five days. The primary
lesions consisted of small brown or reddish-brown spots that rapidly en-
larged. Lesions were always of the completely necrotic type whether
formed in winter or summer.

Vascular tissues of the leaf were particularly susceptible, the necrosis
often extending along the veins considerably in advance of the necrotic
mesophyll. While some of the lesions were circular they more often tended
to be quite irregular in shape. In primary lesions, observed three days after
inoculation, the necrosis was confined mostly to the palisade. In a few
days, however, all of the mesophyll and the epidermis became necrotic.

Systemic lesions developed several days after the appearance of
primary symptoms of the disease. Unlike Turkish tobacco and many
other suscepts, the stem growing points were generally killed, the plants
dying from the effects of the virus.

For cytological and histological study, lesions were fixed in Flem-
ming’s weaker solution and stained with the triple stain, This fixative gave
fairly good resuits, but as with material from other suscepts, nuclear
preservation was often poor. All of the lesions studied were obtained from
plants grown in the greenhouse during the month of July. Most of the
studies were made in typical primary lesions collected three and five days
after inoculation.

In general the stages in cellular breakdown of the mesophyll in Black-
eye cowpea were like those already described in the other suscepts. The
action of the virus on the veinal tissues, however, was very different.

From, studies in several lesions it was observed that in small veins
radiating out from the necrotic area, the xylem elements were often
stained very dark red and were considerably disintegrated though the
border parenchyma and adjacent mesophyll were only slightly injured.
Figure 3 A is a photomicrograph of a section cut tangentially through a
portion of a lesioned area collected three days after inoculation. The small
branch of the normal-appearing vein shown at the bottom was consider-
ably necrotic. The xylem elements were necrosed, heavily stained with the
safranin, and broken in numerous places as though brittle when cut. The
thickenings in the walls could be discerned only with difficulty. The border
parenchyma cells did not appear to be necrosed, but they contained nuclei
that showed evidence of better fixation than in similar cells from normal-
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appearing areas of the same leaf. These cells had apparemfly been more
permeable to the fixative than normal. The mesophyll adJaf:ent to th'1s
necrotic veinlet displayed some plastid disintegration, but did not stain
like necrotic tissue. The xylem of the veinlet appeared to be the only por-
tion of the leaf in this region that was completely necrotic.

FiGURE 3. Primary lesions of ring-spot in Black-eye cowpea. A, tangential section of
part of a lesion three days after inoculation showing necrosed xylem in a veinlet, X 360; B,
non-necrotic portion of a secondary vein in a lesioned area five days after inoculation,
X1300; C, necrotic portion of the secondary vein shown in B. The tracheid at the bottom
contains granular debris and tyloses, X 1260; D, another section of the tracheid shown in C.
The nucleus of one of the border parenchyma cells has been extruded into the tracheid,
X 1300,
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In larger veins, containing phloem, the necrosis was ofter limited
specifically to the xylem elements. In one case a vein was observed in which
only one of the three xylem elements present was necrotic. This was the
central element, and stood out in marked contrast to the normal-appearing
elements on either side.

In one primary lesion, collected five days after inoculation, the xylem
elements of a secondary vein that was involved were stained more heavily
than normal with safranin. The tracheids sometimes contained, in ad-
dition to much granular debris, structures that appeared to be tyloses. In
some cases these were small and bladder-like, extending from the wall into
the lumen. Two such tyloses are shown in the large tracheid in Figure 3 C.
A great deal of granular debris was also present. In many instances, how-
ever, the whole lumen had apparently been completely or almost filled by
one or more tyloses. Most of the tyloses were filled with a dense undif-
ferentiated mass that stained very heavily. Some were more lightly stained
being less densely filled with the undifferentiated material.

In some of the tracheids structures that appeared to be large tyloses
contained granular debris similar to that occurring in cells containing dis-
integrated plastids. In one instance the nucleus of the border parenchyma
cell was present in the tracheid. While the nucleus was stained more
heavily than normal with the safranin it was not disintegrated. It appeared
in this case, that practically the whole parenchyma cell had been ex-
truded into the tracheid lumen. This is illustrated in Figure 3 D which
is a photomicrograph of another section of the debris-filled tracheid shown
in Figure 3 C. The parenchyma cells bordering the tracheids that con-
tained tyloses and granular debris were in various stages of necrosis and
collapse.

In a non-necrotic portion of this same vein the tracheids were free of
granular debris and tyloses. The bordering parenchyma cells were not col-
lapsed, and contained normal-appearing plastids and nuclei. The tracheids
were mature, being devoid of protoplasts and possessing fully thickened
walls. Several tracheids and border parenchyma cells from this region are
shown in Figure 3 B. In the severely necrosed area the granular debris,
tyloses, etc., in the tracheids must have come from the adjoining paren-
chyma cells as in the less severely necrosed portions of the vein the tra-
cheid lumina were entirely free of these materials.

The extension of the parenchyma cells into tracheid lumina had ap-
parently occurred through the tracheid walls at points located in between
the thickenings. Some of the parenchyma cells had apparently been rup-
tured, disgorging their contents into the lumina of the tracheids. The
walls of the tracheids must have been greatly weakened or partly broken
down either directly or indirectly by action of the virus. Intracellular
bodies in this suscept were not observed in any of the lesions studied.
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: . SUMMARY AND CONCLUSIONS

1. Lesions formed on Turkish tobacco in the summer, in the green-
house, were typically much less necrotic than those formed in winter.

2. From studies of “summer’’ lesions in living Turkish tobacco leaves,
it was found that the first visible signs of cellular breakdown were cer-
tain disintegrative changes in the chloroplasts and cytoplasm accom-
panied by a loss of water from the protoplast. The palisade parenchyma
was generally affected first.

3. In primary “‘summer’’ lesions in Turkish tobacco there seemed to be
a connection between necrotic zonation and alternating periods of light
and darkness. The number of necrotic rings formed was not necessarily
equivalent to the number of periods of darkness, although in the first few
days of lesional development there was sometimes a rough approximation.

4. The cytological and especially the histological changes that oc-
curred in the leaf as a result of virus action were conditioned to a con-
siderable extent by the age of the tissues invaded.

- 5. The cytological modifications that occurred in both primary and
systemlc lesions in Turkish tobacco were essentially the same under
ordinary greenhouse conditions in relatively mature leaves. The usual se-
quence of events in cell breakdown, as determined from sectioned and
stained material appeared to be as follows: (a) modification of cytoplasm
resulting in increased permeability of the protoplast; (b) disintegration of
the chloroplasts either before, or at the time of (a); (c) nuclear degenera-
tion following more or less complete disintegration of the chloroplasts and
peripheral cytoplasm. Sometimes, however, little or no plastid disintegra-
tion occurred before death of the cell; (d) collapse of diseased cells due to
desiccation of the affected tissue followed usually by oxidation to a brown
color; (e) possible retardation of the development of plastids in chlorotic
areas in systemically infected leaves.

6. In primary and systemic lesions formed on nearly mature leaves of
Turkish tobacco little change in histological structure of the leaf occurred
except the collapse and drying out of certain areas killed by thevirus. In
systemic lesions formed on young leaves, however, certain marked changes
in histological structure were sometimes observed. These consisted of:
(2) the rather specific action of the virus on the palisade parenchyma or on
particular layers of the spongy parenchyma; (b) activation of the epi-
dermis over completely necrotic areas of mesophyll; (c) the enlargement
of living, more or less isolated, cells in certain partly necrotic areas of the
mesophyll; (d) lack of differentiation of the mesophyll adjacent to necrotic
areas.

. 7. The vascular tissues in Turkish tobacco leaves were more resistant
to the action of the virus than the mesophyll.

8. Studies in suscepts other than Turkish tobacco were limited pri-
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marily to lesions formed on relatively mature leaves. In Nicotiana rusitca
N. glutinosa, N. glauca, and Petunia sp. the cytological and histologicai
pictures were much the same as those in nearly mature leaves of Turkish
tobacco. In Vigna sinensis var. Black-eye, however, the vascular tissues
of the leaf were much more susceptible to the virus than in Turkish to-
bacco. In this suscept the xylem elements of the veins were often, necrosed
before any other cells. In one lesion some ot the tracheids of a necrotic
secondary vein contained granular debris and tyloses.

9. The environmental conditions under which the plants were grown
exerted a marked effect on the development of ring-spot lesions. Lesions
formed in continuous darkness in water-saturated atmosphere were at
first chlorotic, later becoming completely necrotic. The cells in the chlorot-
ic area contained degenerate nuclei and granular debris, resulting from
nearly complete plastid dissolution. In lesions formed in dry air in con-
tinuous darkness plastid breakdown was almost complete, but the affected
cells collapsed and dried out rapidly. Hyaline spheres, about the size of
chloroplasts, were observed in some diseased cells in primary lesions formed
in continuous darkness. These may be similar to structures described by
Sorokin (r1) in mosaic-diseased tomato cells.
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DORMANCY IN TILIA SEEDS
LELA V. BarTON

INTRODUCTION .

Tilia fruits may r'emain in the ground several years and never produce
a good stand of seedlings. No germination of fruits of 7%¢/ia europaea parvi-
folia resulted after four and one-third years, according to Puchner (8). He
obtained 1 per cent germination of fruits which had had a small sector cut
from the coat after five years. When the fruit coats were removed entirely
and the se.eds planted in a seed bed in January, the results showed 1 per
cent germination after one and one-fourth years; 2 per cent after three
and three-fourths vears; 8 per cent after four and one-third years; and 14
per cent after six and three-fourths years with all remaining seeds rotten
at that time. Chittenden (1) stated that basswood seed planted for four
years remained dormant and viable. He described the difficulty as being
due both to the impervious seed coat and the rudimentary embryo.

Workers have differed as to the effect of fall planting on the fruits of
Tilia. Pammel and King in 1918 (7) reported abundant germination of
Tilia americana by the middle of May when seeds were planted in the fall
and stratified in a cold frame from which they were removed to the green-
house in March. They obtained no germination in the greenhouse. On the
other hand a progress report on the study of forest tree seed from Michigan
State College Experiment Station in 1926 (6) showed no germination either
in the greenhouse or in the nursery after an October 16th planting. Many
other attempts to hasten the germination of these seeds including re-
moval of the testa, and hot water and chemical treatments were unsuc-
cessful. Chittenden (2) listed basswood as one of the tree seeds which
should be planted in the fall since they germinated slowly and sometimes
held over for a year if planted in the spring. He reported 2 per cent germi-
nation. Cobb (3, p. 127) summarized the basswood seed problem thus, ““In
the fall the hard nutlets hanging by a stem from a wing are not mature.
The germ must have a vear at least on the ground among the leaves and
damp mold to ripen. In planting them it is, therefore, necessary to wait
until the second spring for their germination.” Tozawa (r1) obtained
seedlings of 7ilia amurensis only by outdoor burial of the seeds before
November. The outdoor temperature was as low as —3.5° C.

The effect of the seed coat and of different temperatures on germina-
tion has been studied by Rose (g), Grimsley (5), and Spaeth (10) with
varying results. Rose () showed that the seed coats of Tilia interfered
with water absorption to a considerable extent but he stated that water

(69)
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absorpti¢n was not the only limiting factor to growth. He found that if the
pericarps were removed and seeds placed on moist cotton at 4° to 6° C. for
278 days and then transferred to soil in the greenhouse they gave 71 per
cent seedling production. If left at the low temperature for go days a still
higher per cent of seedling production was obtained. Subsequent storage
of seed at o° to 2° C. failed to produce germination even after 140 days.
This result he attributed to the low temperature since germination was ob-
tained when the cultures were transferred to 10° to 12° C. For germination
of Tilia he recommended a period of after-ripening in moist storage at o°
to 2° C., followed by two or three weeks at 10° to 12° C. until germination
had begun, and finally a transfer to a still higher temperature to permit
vigorous growth. He also suggested that one-year-old seeds were better
than fresh seeds but stated that additional data upon this point were de-
sirable. As after-ripening progressed, he found an increase in hydrogen ion
concentration, as well as in the oxidase and catalase activities. Grimsley
(5) thought that the seed coats of T4/a did not hinder the movement of
water or gases to and from the embryo and therefore that dormancy
existed in the embryo or in the endosperm or both. She further stated that
seeds with testas removed or intact after-ripen and germinate at 5° C. A
greater percentage of germination occurred at this temperature in seeds
collected from northern trees than in seeds collected from southern trees.
Freshly-harvested seeds after-ripened and germinated in less than five
months when kept in moist storage at 5° C. for three months and then
treated with weak HC! before planting. The strength of HC! and the time
of treatment are not given. It was found that ‘‘there is greater catalase
activity in moist seeds stored at 5° C. than in seeds stratified at 5° C.”
The method of “storage’” or ‘‘stratification’ is not described. Dry seeds
stored at room temperature were also found to contain a large percentage
of catalase. More recently Spaeth (10, p. 928) has described a successful
method for hastening the germination of seeds of Tilia americana, involv-
ing the following steps: ‘“Soften the pericarp by partial digestion in con-
centrated nitric acid; macerate on a screen in running water; dry and
separate seed from pericarp remains by gravity; render testas water per-
meable by treatment with concentrated sulphuric acid; wash and place in
refrigeration in a moist sterile medium providing good aeration.” The last
step required three to five months at a temperature just above freezing.
The present paper deals mainly with dormancy in the seeds of Tilia
americana L. but experiments on three other species are also reported.

METHODS AND MATERIALS

Cultures in constant temperature ovens consisted of a mixture of moist
g'ranulated peat moss and the fruits or seeds to be tested. If the germina-
tion under any specific temperature condition was to be determined the
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culture was l'eft in that condition until germination had occurred or until
the tfarmmatmn of. t_he test. In most cases, however, the object was to de-
termine the COIl'dltl.OnS necessary for after-ripening, or preparation for
seedling production in the greenhouse. For this purpose low constant tem-
peratures (1°, 5° and 10° C.) and higher constant temperatures (15°,
20°%, or 25° C.) followed by low were used for treatment. Samples of fruits
or seeds were removed from the oven peat cultures at monthly intervals.
These samples were then planted in greenhouse flats in a mixture of com-
posted sod soil, sand, and granulated peat moss. Seedling production was
then noted. When daily alternating temperatures were used, the cultures
were kept at the higher temperature 8 hours and at the lower temperature
16 hours each day.

The peat cultures were examined once each week, when needed water
was added, and a germination count made. In most cases these seedlings
were discarded.

Many fruits or seeds were planted directly in flats in the mixture de-
scribed above and the flats were then placed in cold frames or in the green-
house. Three cold frame treatments were used. In the open frame the
seeds were exposed to all climatic changes including freezing and thawing.
Frames covered with boards afforded protection but permitted a widely
fluctuating temperature, while the application of a leaf mulch before the
board cover was added provided a narrow temperature range.

Two methods were used to extract seeds from fruits. For the prelimi-
nary tests the seeds were removed by hand. Later the nitric acid-extraction
method described by Spaeth (10) was used. This latter method proved
ineffective in removing fruit coats even when the extraction was prolonged
for as much as four hours. After this long nitric acid-extraction period the
seeds seemed to be slightly injured as evidenced by their later germination.
This injury may have been due to the subsequent necessary maceration
however, rather than to the harmful effect of the acid treatment. In order
to eliminate these doubtful factors, the majority of the tests were con-
ducted with hand-extracted seeds. Extracted seeds were treated with con-
centrated sulphuric acid for 20 minutes (Spaeth 10) after which they were
either mixed with moist granulated peat moss and put in the ovens or
planted directly in flats. Some temperature effects were also determined
with extracted seeds treated with sulphuric acid for 10, 30, and 6o minutes.
For pre-treatment at various temperatures enough seeds were used to per-
mit greenhouse sample plantings of roo each over a period of several
months. Five hundred fruits and one or two hundred seeds each were used
in the outside plantings.

The amount of water absorbed by fruits and seeds intact and with
coats removed was determined at room temperature in open bottles. The
outsides of fruits or seeds were carefully dried with filter paper and placed
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in air-tight bottles before each weighing. The experiment was continued
until a constant weight was obtained in each case.

Embryos were excised from seeds which had been treated under vari-
ous conditions previously or had been soaked overnight at room tempera-
ture after the coats had been removed. These embryos were then placed
on moist filter paper at room temperature.

The method used for the determination of catalase activity was es-
sentially the same as that described by Davis (4) except that calcium car-
bonate was used to neutralize the hydrogen peroxide. Twenty-five seeds
were used for each test. When dry fruits or fruits from various tempera-
tures were tested the fruit coats were always removed just before the cata-
lase tests were made. The seeds were ground with a small amount of sand
and calcium carbonate and then distilled water was added to bring the
volume up to 50 cc. To 5 cc. aliquots of this solution, 1o cc. of distilled
water were added for each test.

All of the seed material used was obtained from Thomas J. Lane,
Dresher, Pennsylvania. Tilia americana L. was collected in the United
States while 7. fomentosa Moench., T. platyphyllos Scop., and T. cordata
Mill. were imported from Austria.

RESULTS AND DISCUSSION
TILIA AMERICANA
Oven Tests and Greenhouse Sample Plantings

Test 1. Preliminary tests were begun in 1929 using seeds harvested
in the fall of that year. The first tests were made using both intact fruits
and hand-extracted seeds. These were put in granulated peat moss in
bottles which were placed at constant temperatures of 15°, 20°, 25° and
30° C. and at daily alternating temperatures of 10° to 20° C., 10° to 30° C.,
and 15° to 30° C. The total number of seedlings produced in these tests was
eight and these appeared at 15° C., 10° to 30° C., and 15° to 30° C. These
results pointed to the need of pre-treatment for germination.

Fruits and seeds mixed with moist granulated peat moss at 1°,,5°, and
10° C. produced a few seedlings at the low temperatures, especially 35°
and 10° C. after three months to a year. Sample plantings of fruits and
seeds made in the greenhouse after one, eight, and eleven months at 1°,
5°, or 10° C. produced no seedlings. The samples planted after one month
at low temperatures were left in the greenhouse until February 1931 when
the flat was placed in an open cold frame. In April 1931 the fruit sample
had germinated to the extent of 24 per cent while the seeds had given 38
per cent seedling production.

Test 2. Additional experiments were begun in February 1931 with the
same seed lot used in test 1. These seeds were, therefore, two years old
when new tests were started. The delay in germination was thought to be
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due to coat or endosperm characters since the embryo was quite farge and
apparently .ready to grow. It then seemed possible that a high tempera-
ture preceding the low temperatures used for pre-treatment might soften
the seed coat and hasten germination. Twenty-five degrees C. was arbi-
trarily selected as the high temperature to be used. Both fruits and hand-
extracted seeds were again used. Mixtures of the material to be tested and
moist granulated peat moss were placed at 25° C. for one month after
which they were transferred to 1°, 5° 10° and 15° C. The greatest pro-
duction of seedlings obtained in the greenhouse from sample plantings of
fruits thus treated was 2 per cent which followed six months at 5° C. pre-
ceded by one month at 25° C. Other seedlings produced consisted of 1 per
cent after four, five, six, and seven months at 1° C. and seven months
at 5° C.

Seeds gave slightly better seedling production than fruits. Five and
3 per cent were obtained in the greenhouse after three months at 1° and
5° C., respectively. No sample plantings were possible after four months
at low temperatures as all the seeds had rotted by that time.

Obviously the clue to the difficulty in germinating Tilia had not vet
been found, so additional experiments were planned.

Test 3. The probable beneficial effect of a longer period at high tem-
perature preceding low temperature treatment and the need for extending
the range of the high temperatures used, formed the bases for a new series
of tests. Again the 1929 seed crop was used and experiments were started
in June 1931. A limited supply of seeds of 7. americana permitted the use
of 25° C. alone as the high temperature for one, two, and three months fol-
lowed by 1°, 5°, or 10° C. for one to eight months. Few seedlings were
produced.

Test 4. A new lot of seeds was obtained in the fall of 1931. Test 3 was
repeated using 15°, 20°, 25° and 30° C. for one, two, three, four, and five
months preceding the low temperature treatment at 1°, 5°, or 10° C. Better
seedling production resulted than in any of the previous oven tests (Table
I). The best high temperature tried was 20° C. Twelve and 14 per cent
seedling production was obtained in the greenhouse after four months at
20° C. followed by five months at 1° and 5° C.

Test 5. The efficacy of the initial high temperature was thought to be
due to a seed coat effect. Consequently, experiments with seeds of the
1932 crop were planned to study the réle of the seed coat in delayed germ-
ination of 7. americana. A cutting test of 3400 fruits of this crop showed
an average of 95.5 per cent apparently good seeds present. A cutting test
of 500 of these seeds revealed 14 per cent empty or rotten in spite of their
good appearance. The nitric acid-extraction method and the sulphuric
acid treatment of the extracted seeds reported here are essentially those
used by Spaeth (10). Tests at constant low temperatures and at 20° C. for



TABLE I

SEEDLING PRODUCTION IN THE GREENHOUSE FROM FruUITs OF FOUR SPECIES OF TILIA AFTER PRE-TREATMENT AT VARIOUS TEMPERATURES
E 3 FOR DIFFERENT PERIODS

Pre-treatment T. americana T. tomentosa Pre-treatment T. americana X 7. tomentosa
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TABLE 1 (Continued)

Pre-treatment

T. platyphyllos T. cordata

Pre-treatment

T. platyphyllos

T. cordata

High temp. Per cent seedling production after High temp. Per cent seedling production after
g p Low months at low temp. g P Low months at low temp.
temp. te(:)mp.
o
°C. Months C. 113|s5]71l9l1l3|s5]71]0 °C. Months C. 1305|719l l3i517109
1 o|lo90]o0 4| =1 114|116 1 ojojoi2|4|l0]5]|5]|4]|13
None o|lo|lo|o|lol=-|o|l1|1]|o0 1 5 o{2|ololo|2|8|6]1]7
5
10 olo|o|2]|o|~-]o]o o 10 olo|o|lo|olojo|lo|4]-
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various p:eriods followed by low temperatures were again tried using fruits,
hand-extracted seeds, hand-extracted seeds treated with sulphuric acid,
nitric acid-extracted seeds, and nitric acid-extracted seeds treated with
sulphuric acid. The usual sulphuric acid treatment was for 20 minutes but
10, 30, and 6o minutes were also used. Ten minutes proved less effective
than any of the other treatment periods. Thirty and 6o minutes appeared
as good as 20 minutes for the experiments tried.

The general appearance of the cultures of these variously treated seeds
after about two weeks in the ovens was as follows: fruits and hand-ex-
tracted seeds in good condition; nitric acid-extracted seeds slightly moldy;
sulphuric acid-treated seeds quite moldy. These conditions obtained at
both high and low temperatures.

Again fruits and untreated extracted seeds produced very few seedlings
in the greenhouse even after a prolonged length of time in the ovens (Table

FIGURE 1. T%lta americana. Seedling production from extracted seeds treated with con-
centrated sulphuric acid for zo minutes, then pre-treated for three months at 1°, 5°, and
10° C. Photographed 15 days after planting in the greenhouse. (A) Hand-extracted; (B)
nitric acid-extracted.

IT). However, seeds extracted from their fruit coats and treated with con-
centrated sulphuric acid for 20 minutes, after-ripened in three (Fig. 1) or
four months at 1° C. giving 64 and 68 per cent seedling productio.n in the
greenhouse when sample plantings were made. Five degrees C. was inferior
to 1° C., and 10° C. was apparently too high (Fig. 1). Many of these
treated seeds rotted in a very short time at 20° C. so the transfers to lower
temperatures were limited. Any good seeds which were transferred from
20° C. to 5° C. received no advantage from the period at high tempera-
ture. These oven and sample planting tests were repeated with similar re-
sults.

Many seedlings appearing in the low temperature ovens grew well when
planted in greenhouse pots. However, a few seedlings thus planted never
appeared above ground. The number growing and the rate of growth was
about the same regardless of the previous treatment of the seed. The sul-
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TABLE II

PRrODUCTION OF TILIA AMERICANA SEEDLINGS IN THE GREENHOUSE FOLLOWING
PRE-TREATMENT AT VARIOUS TEMPERATURES FOR DIFFERENT PERIODS

Pre-treatment
- Per cent seedling production after
Material High temp. Low months at low temp.
temp.
[} [} H »
C. | Months C. 1 2 3 40 s % 6
IM“’—"\"‘——_‘
1 o [¢) o, o ]
None 5 o 1 | o | o o
10 <] o | o o o
Hand-extracted - -
seeds I o o o [ o
20 2 s o o o o
3 o I o
4 o o
1 6 57 64
None 35 13 18 23 o
Hand-extracted 10 2 3 4
H.SO,-treated — i
seeds I o o ] 10
20 2 P o o o
3 o o 2
4 < 1
1 o o 1 b1 o
None 5 o < o o
10 [} o
HNOg-extracted
seeds 1 o <] [¢] 1 o
20 2 B o o o
3 > ° o o
4 o
1 2 42 68
None 5 11 13 13
HNOj-extracted S 2 :
HgSOrtégated L o ° 4 13
seeds 20 2 . o o <) 14
3 > ° o o
4 o
. 1 o ) o o o
None 3 o] o o o o
10 o] o o [e] [o]
Fruits
1 o o o 1 o
2 5 ° o o o
20 3 ? ° o I
4 o o

phuric acid treatment hastened the initiation of growth butsubsequent
growth up to five months apparently was not affected.

Cultures were also left at 20° C. throughout the course of the experi-
ment. Very few germinations occurred even in the cases of the sulphuric
acid-treated seeds. This pointed to a further dormancy inside the seed coat.
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Embryos of seeds after-ripened at low temperatures and non-after-
ripened seeds were then excised to determine whether this dormancy lay
in the embryo. Since the embryo is very large and the cotyledons are en-
tangled in the endosperm, many of them were injured when they were
excised. That the embryo is at least partially dormant was shown when
embryos were excised from hand-extracted seeds, not treated and treated
with sulphuric acid, nitric acid-extracted seeds, not treated and treated
with sulphuric acid, and fruits which had been in moist granulated peat
moss for two months at 1°, 5°, and 10° C. and for one month at 20° C.
followed by one month at 5° C. Hand-extracted seeds from fruits stored
dry in the laboratory were used as controls. In the latter case the seeds
were soaked in water overnight at room temperature in order to make pos-
sible the removal of the embryo. All excised embryos were placed on moist
filter paper in diffuse daylight at room temperature. The average initial

FI1GURE 2. Tilia americana. Growth of excised embryos after 5 days on moist filter
paper. (A) Control (fruits stored dry in laboratory); (B) extracted seeds kept one month at
20° C. followed by two months at 5° C.; (C) extracted seeds treated with concentrated sul-
p?uric acid for 2o minutes and then kept one month at 20° C. followed by two months at
5°C. )

length of the hypocotyl of embryos at the time they were excised was ap-
proximately o.4 cm. After three days at room temperature embryos from
sulphuric acid-treated seeds were larger than the others and had greener
cotyledons and pink healthy looking roots with an abundance of root
hairs. This may be seen in Figure 2. These embryos had increased to from
I to 1.3 cm. in three days while others had grown very little, measuring
0.5 to 0.6 cm. in length. All of the embryos, however, including the control,
showed some evidence of growth. The cotyledons always turned green and
afew root hairs appeared.

All excised embryos still in good condition after four days were trans-
ferred to soil in individual three-inch pots which were placed in the green-
house. About 5o per cent of these developed subsequently regardless of
previous treatment and produced, for the most part, plants of normal ap-
pearance although there was indication of stunting in a few cases. In all

TR
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cases of stunting the cotyledons had been injured in the process of’excising.
However, many injured embryos developed normally.

Embryos were also removed after three months of pre-treatment with
similar results.

The results of water absorption tests expressed in per cent of the
original weight of the material were as follows: naked seeds, 97.8 in 1 day;
hand-extracted seeds with coats intact, 21.8 in 6 days; hand-extracted
seeds treated with concentrated sulphuric acid for zo0 minutes, 83.6 in 7
days; nitric acid-extracted seeds, 1.8 in 7 days; nitric acid-extracted seeds
treated with concentrated sulphuric acid for 20 minutes, ¢4.9 in 7 days;
entire fruits, ¢95.3 in 14 days. In case of the fruit, however, most of the
water was held in the fruit coat and in the space between the fruit coat and
the seed. Although the naked seeds and seeds treated with sulphuric acid
absorbed the greatest amount of water, a considerable amount was also ab-
sorbed by hand-extracted or nitric acid-extracted seeds with the coats in-
tact. Absorption of water, then, may be a limiting factor in germination
but the seed coat probably also limits the gaseous exchange.

The relation of catalase activity to the degree of after-ripening of the
seed was also studied. Tests were made of fruits, hand-extracted seeds, and
hand-extracted seeds treated for 20 minutes with concentrated sulphuric
acid after one, two, and four months at 1°, 5°, 10°, and 20° C. Seeds from
5° and 20° C. were tested after three months and as many seeds as were
still available were tested after five months. Catalase activity was also
determined after one month at 20° C. followed by one, two, three, and
four months at 5° C.; two months at 20° C. followed by one, two, and
three months at 5° C.; and three months at 20° C. followed by one and
two months at 5° C.

The results of these tests are shown in Table III. It will be seen that
the catalase activity of the fruits remained about the same regardless of the
temperature or duration of pre-treatment. This activity is also very similar
to that of the dry control lots of seeds.

Althgugh the hand-extracted seeds showed a slight increase in catalase
activity after two months at low temperatures, no additional increase was
shown up to five months and the entire record for these seeds exceeded by
very little the record for fruits.

On the other hand, seeds treated with sulphuric acid showed consider-
able increase in catalase activity after one month at all temperatures ex-
cept 1° C. There was a great increase at all temperatures after two months
with very little additional increase for longer periods. The high catalase
activity for 20° C., in spite of the fact that a very small percentage of
seedlings ever appear at that temperature without previous low tempera-
ture treatment, indicates that catalase activity alone cannot be used as a
criterion for determining the completeness of after-ripening. The same
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TABLE III
CATALASE ACTIVITY OF SEEDS OF TILIA AMERICANA AFTER PRE-TREATMENT

AT VARIOUS TEMPERATURES FOR DIFFERENT PERIODS
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TABLE III (Continued) .
Pre-treatment Cc. Os released after minutes
Seed
material Temp.°C.| Months | o.3 1.0 | 1.5 | 2.0 | 3.0 40| 5.0
1+1 11.5 1 25.5 | 38.3 : ! :
20-5 142 9.3 | 10.9 | 29.0 | 30.2 :
143 8.0 | 19.35 | 28.8 | 36.8 |
144 6.4 | 15.1 | 23.1 1 30.2 1 30.9 | *
(Cont.) i |
Hand-extracted ) 2+1 5.4 13.3 ) 21.2| 27.8 | 38.7
seeds, treated 205 242 4.7 1L.3 1 17.7 | 23.3 | 32.7
20 min. with 2+3 4.5 | 11.1 | 17.0] 22.9 | 31.9 | 38.4
conc. H,SO, B ” ” o -
20-3 341 3.0 8.1 13.6] 18.9| 27.9 | 36.0
I 2.0 5.5 9.1 | 12.3 | 18.3 | 22.4 ; 25.8
20 2 4.5} 13.0 | 21.4 | 28.6
3.3 8.1} 13.5] 18.0! 25.9] 32.0] 37.3
I 1.3 2.7 4.1 5.6 8.1 10,1 ! 11.7
1 2 1.2 2.9 3.0 7.01 11.0 | 14.6 1 16.9
4 1.2] 3.3] 4.3i{ 5.80 8.0} 10.6 12.7
5 0.6 1.8 3.2 4.7 6.9 9.3 11.0
1 0.1 1.1 2.3 3.5 35.80 7.0 8.8
2 0.8 2.6 4.8 6.9 10.7 | 13.5 | 16.2
5 3 1.2 2.6 4.2 5.8 8.9 1r.2| 13.2
4 1.4 2.9 4.2 3.7 8.8 11,1 13.9
5 0.0 1.1 2.6 4.1 6.9 9.1 | 1I.%
I 0.9 2.7 4.6 6.1 | 9.0 | 11.4 | 13.2
10 2 1.2 2.6 4.6 6.55 10.5 | 14.2 | 17.0
4 1.3 2.9 4.1 5.7 8.2 10.7 | 13.4
5 0.8 2.2 4.2 5.5 8.0} 10.0| 11.8
. 141 1.0 3.8 6.7 9.1} 13.7 ) 17.2] 19.8
Fruits 20-5 142 1.4} 3.0{ 5.0| 6.9 10.3 13.2 | I5.3
1+3 1.3 3.0 4.9 6.7 9.7 | 12.6 | 14.8
144 0.5 2.3 4.1 3.7 8.7 | 10.9 | 12.9
. | B SR B
21 1.3 3.2 5.2 6.9 10.1 | I2.2] 14.3
20-5 242 1.4 | 3.0 4.7 6.3 8.9 1 11.2 ] 13.6
243 1.0 2.8 4.7 6.4 10.3 | 13.2 | I4.5
2om 3+I 1.0 3.0 5.3 7.1 | 10.3 | 13.2 | 15.8
- 5 3+2 1.3 3.0 4.9 6.2 8.6 | 11.0| 13.3
203 4+1 1.3 3.0] 4.6 6.3 9.7 | 11.7 | 14.0
1 0.3 1.5 2.9 4.1 6.5 8.6 5.0
2 1.0 2.7 4.6 6.7 | 10.4 | 13.7 | 16.6
20 3 1.2 2.6 4.5 6.0 8.6 | 10.7 | 12.5
4 1.2 3.1 5.1 7.2 | 10.1 | 12.3 | 14.5

might be said of the high catalase activity in the case of high temperature
followed by low, which condition is quite ineffective in bringing about
seedling production in the greenhouse. Increased activity of this enzyme
undoubtedly accompanies the after-ripening process but some other factor
or set of factors is involved. This fact is also shown by the constancy of the
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enzyme zction after two months at various low temperatures; yet better
seedling production was obtained after three or four months (Table II).

Flat Plantings

Test 1. Preliminary tests with fruits and hand-extracted seeds were
begun in November 1929. Plantings were made in flats which were placed

. TABLE IV

Per CENT SEEDLING PrODUCTION FROM FRUITS OF FOUR SPECIES OF TILIA
PLaNTED OUTsIDE ON DIFFERENT DATES

T. americana T. tomentosa
. After 2 . After
Winter Month After 1 winter | winters | After 1 winter winteri
condition planted
1929 1931 1929 1929 1931 1929
crop* crop crop* crop* crop crop*
gct. 2 o 4 o o 2
ept. 4 I o 5
Opi'en cold Aug. 8 2 12 o 2 5
rame July 15 2 17 I 2 6
June 25 6 32 2 5 8
Oct. I 2 4 o 2 2
Mulched cold i?gt 1; 4 23 é g
frame July 7 8 9 2 3 9
June 36 7 39 2 2 5
Oct. 4 o 18 1 2 4
Board-covered ?\Zpgt xg 7 :g ; 4 12
cold frame Tuly 13 3 22 2 4 12
June 22 9 30 2 12 14
Greenhouse o o o
T. platyphyllos T. cordata

gct. 6 I 8 7 3 10
ept. 12 18 12 17
O];;t;g;:ld Aug. 9 7 12 13 25 22
July 10 17 11 17 24 24
June 22 15 23 24 22 [ 18
Oct. 24 b 27 15 5 16
Mulched cold | SePt | 52 41 16 a1
frame Aug. 37 10 42 15 o 22
July I 4 1 20 4 26
June 34 28 34 28 8 36
Oct. 18 4 22 8 14 7
Board-covered iept. 25 43 I 17
cold frame ug- 50 25 3z 27 30 44
July 44 34 3 28 28 40
June 38 . 46 42 24 34 33
Greenhouse o o o

* Seeds 2 years old when plantings were made.
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immediately in the greenhouse and in open, mulched, and board-covered
cold frames. No seedlings were produced in the cold frames in 1930 and
only up to g per cent in 1931. From those kept in the greenhouse only one
seedling was produced in the two-year period.

Test 2. Since it was thought probable that a high temperature prior to
the cold treatment might be beneficial, plantings of the same 1g29 crop of
fruits were made in June, July, August, September, and October 1931. If
the high temperature proved effective a better stand of seedlings should be
obtained from the June than from the September or October planting. This
was found to be true as shown in Table IV and Figure 3. The seeds planted

FIGURE 3. Tilia americana. Seedling production from fruits planted in flats and placed
in cold frames. Kept during the winter in (A) open, (B) mulched, and (C) board-covered
conditions. Photographed May 1932. Seeds were planted (1) in June, (2) in July, and (3)
in September 1931.

in June had approximately four months of high temperature before the be-
ginning of cold weather although September had some cool days. Similarly,
seeds planted in July, August, September, and October had approximately
three, two, one, and no months at high temperature preceding the low. It
will be seen from Table IV that when seeds are planted in June, they give
from 22 to 36 per cent seedling production the following spring. Those
planted in July or August had somewhat smaller percentages while those
planted in September and October gave very poor seedling production
after the first winter. Total seedling production after the second winter
outside is also shown in Table IV. In all cases, additional production of
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plants wis obtained after the second winter but the fall plantings still gave
low percentages of seedling production.

The June, July, and September plantings are shown in Figure 3. These
indicate beyond a doubt the benefit of summer planting. (A) shows the
open frame condition where freezing and thawing occurred; (B) the
mulched condition which fluctuated little in temperature but was always
somewhat above freezing; and (C) the board-covered condition which had
less temperature fluctuation than the open frame but permitted freezing
and thawing. The earliest appearance of seedlings was from flats wintered
in the board-covered condition while the latest to appear were from flats in
the open frame (Fig. 3). ;

It will be noted that seedling production from these outside plantings
was much greater than that obtained from oven tests of the same seed

crop.

FIGURE 4. Tilic americuna. Seedling production from extracted seeds planted in
mulched frame January 1933. Photographed May 1933. (A) Hand-extracted; (B) hand-ex-
tracted treated with concentrated sulphuric acid for 20 minutes; (C) nitric acid-extracted;
(D) nitric acid-extracted treated with concentrated sulphuric acid for 20 minutes.

Test 3. Plantings similar to those reported in test 2 were made using
the seeds of the 1931 crop. Seeds were sown in flats in June, July, August,
and October 1932. Results of these tests after one winter followed,the gen-
eral trend of the previous experiment although the seedling production
here was much lower than previously (Table IV). In this case plantings
were also made in January, February, and March 1932. These showed up
to 8 per cent seedling production in the summer of 1933.

It is interesting to note that an initial period at low temperature, such
as the seeds had when they were planted in the late fall, seemed actually
to reduce the germination capacity since the percentage seedling producf
tion was small even after a second winter when the intervening months o~
high temperature had had a chance to bring about preliminary changes
necessary for after-ripening. This same condition obtained for the January,
February, and March plantings. The initial cold period may injure the
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embryo by preparing it to grow before its seed coat will allow the entrance
of the necessary water and oxygen. Most of the ungerminated fruits are
rotten after the second winter.

That summer planting hastens germination by rendering the seed coat
more permeable is again shown in Figure 4. Here the fruit coats were re-
moved by using nitric acid or by hand, and samples of each werg treated
with concentrated sulphuric acid for 20 minutes. These were then planted
in flats and placed in a mulched frame in January 1933. Seedling produc-
tion indicated very clearly the advantage of sulphuric acid treatment. The
photograph shows the appearance of the flats in May 1933, four months
after planting. It will be noticed that the nitric acid-extracted seeds gave
fewer seedlings than the hand-extracted. This was probably due to injury
in extraction. (See Methods.)

The general results from plantings made directly in flats were in ac-
cord with the findings from sample plantings made in the greenhouse after
various periods in constant temperature ovens. Except for sulphuric acid-
treated seeds, however, germination percentages were higher in the case of
flat plantings.

OTHER TILIA SPECIES

Oven Tests and Greenhouse Sample Plantings

Tests made on T. americana and reported under oven tests 1, 2, and 3
were repeated for seeds of T. cordata, T. platyphyllos, and T. tomentosa. A
summary of the results will be given here.

Test 1. The preliminary tests showed 7. tomentosa similar to 1. ameri-
cana in results obtained. Slightly better germination was noted for 7.
platyphyllos which gave up to 4 per cent seedling production from samples
of fruits and seeds planted in the greenhouse after four months at 5° C.
Similarly, 7. cordata gave few seedlings from any of the conditions tried.

Test 2. T. platyphyllos. The best seedling production from fruits was

10 per cent obtained in the greenhouse after five months at 1° C. However,
7 per cent was obtained after four months at 1° or 5° C. or five months at
5° C. Hand-extracted seeds after-ripened a month or two sooner but
showed no improvement over the fruits in the percentage of seedlings pro-
duced.
T. cordata. Contrary to the report of Puchner (8) this species proved
easiest to germinate throughout the tests employed. In this series, for in-
stance, the fruits gave 24 per cent germination in the greenhouse after
seven months at 1° C., while seeds similarly planted produced seedlings to
the extent of 22, 16, and 20 per cent after four months at 1°, 5°, and 10° C,,
respectively.

It will be noted that neither of these species benefited by the high
temperature preceding the low. Although later tests showed the beneficial
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effect of Ysuch treatment, the increase in germination was never so marked
as for 7. americana. T. tomeniosa was not included in this test.

Test 3. T'. tomentosa. Only occasional seedlings were obtained from
sample plantings in soil after one to nine months at constant tempera-
tures of 1°, 5°, or 10° C. or after one, two, or three months at 15°, 20°, or
25° C., followed by one to eight months at 1°, 5°, and 10° C.

T. platyphyllos. High temperature followed by low was effective for
after-ripening in this case. The highest percentage obtained from sample
plantings from constant low temperature treatment was 1o (after five
months at 5° C.) whereas 28 per cent seedling production followed a treat-
ment of three months at 20° C. preceding four months at 1° or 5° C. Com-
parable seedling production (24 per cent) resulted from a previous period
at 15° C., followed by four months at 5° C. It should be noted that 20° C.
was superior to 15° or 25° C. for high temperature treatment.

T. cordata. Results of these tests were essentially the same as those for
T platyphylios.

Test 4. When test 3 was repeated using the high temperatures for
longer periods of time (1, 2, 3, 4, and 5 months), before the cultures were
transferred to low temperatures, all three species showed improvement
over the previous oven-sample planting tests (Table I). The efficacy of a
longer period at high temperature, however, was not so marked after three
months. Prolonged high temperature treatment rotted many of the seeds,
especially at 25° C. and 30° C., so that the supply of seeds to be trans-
ferred to low temperatures became very much reduced. Seeds of T'. cordata
were particularly susceptible to decay organisms. Germination of 7.
tomentosa remained very poor throughout the experiments.

Flat Plantings

T. tomentosa. In spite of the low seedling production, the beneficial
effect of summer planting is also apparent here (Table IV), although it
does not show definitely until after the second winter in the case of the
1929 crop. The 1931 crop, however, planted in June and kept in-a board-
covered frame over winter gave 12 per cent seedling production the fol-
lowing summer. This compares favorably with any percentage obtained at
any time from these seeds. No sulphuric acid treatment has been tried but
additional experiments are needed to determine a satisfactory method for
germinating seeds of this species.

T. platyphyllos and T. cordata: Both of these forms germinated with
comparative ease and with relatively high percentages throughout the
tests. The need for low temperature treatment was evident, however, and
the results of the flat plantings (Table IV) indicated in general the same
beneficial effect of high te»m_pera’t'ure prior to low temperature as was evi-
denced by the more difficult forms of T. americana and T. tomentosa. That
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the summer planting is not so important in the two former specie; as in the
two latter is shown very clearly in a comparison of Figures 3 and 3, where
summer and fall planting effects on 7. americana and 7. platyphyllos are
shown. The low germination of the July planting of both 1929 and 1931
seed crops of T'. platyphyllos is striking (Table IV). This may be due to
excessively high temperatures for two months following planting. Oven
tests showed that temperatures higher than 20° C. were unfavorable in all
cases and this form may be more sensitive to heat. More data are needed
on this point.

FIGURE 5. Tilia platyphyllos. Seedling production from fruits planted in flats and placed
in cold frames. Kept during the winter in (A) open, (B) mulched, and (C) board-covered
conditions. Photographed May 1932. Seeds were planted (1) in June, and (2) in September

1931I.
CONCLUSIONS AND SUMMARY

Dormancy in seeds of Tilia americana is due to an impermeable seed
coat and a partially dormant embryo. To bring about germination, then,
two steps are necessary. The seed coats must be rendered permeable and
the embryo must be after-ripened.

Thesfirst step was accomplished by two methods. The first of these
consisted in placing the fruits or extracted seeds in moist granulated peat
moss or in soil at a temperature of about 20° C. for four months. A lower
temperature (135° C.) was less effective and higher temperatures (2 5° or
30° C.) often caused decay. Treatment of extracted seeds with concen-
trated sulphuric acid for 20 minutes was the second method used to render
the seed coats permeable.

After-ripening of the embryo was accomplished by treating seeds, the
coats of which had been made permeable at 1° or 5° C. in moist granulated
peat moss, for three to five months. ’

Each of the two steps described above are essential for germination of
Tilia americana. Treatment of the seed coat was ineffective unless followed
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by after-fipening at low temperature. Similarly, low temperature treat-
ment produced very few seedlings except when pre-treatment had rendered
the seed coats permeable.

These methods were applied practically in two ways. The fruits were
planted in flats in June or July. These flats were placed in a cold frame and
mulched during the winter. Good seedling production occurred the fol-
lowing spring. If the temperature is too high (above 20° C.) when the
fruits are planted, it might be well to shade the flats for the high tempera-
ture period. Such a summer planting delays the seedling production until
after the second winter. The second practical method for seedling pro-
duction consisted in planting extracted, sulphuric acid-treated seeds in a
flat and placing in a mulched cold frame in January. Seedlings appeared
the following April or May. The methods here reported for the extraction
of seeds from fruits, however, would be difficult to apply on a commercial
scale. Further work is needed to discover a practical means of extraction.

The capacity of the extracted seed to absorb water was greatly in-
creased by sulphuric acid treatment. Although the intact fruit absorbed a
great deal of water, very little water entered the seed coat, most of it re-
maining in the fruit coat or inside the fruit coat surrounding the seed.

Excised embryos from dry fruits or from fruits and extracted seeds
which had been in moist granulated peat moss at low temperatures for two
or three months acquired green color in their cotyledons and started to
grow within three days. However, very little total growth took place.
Embryos from sulphuric acid-treated seeds, which had received low tem-
perature treatment, grew much more rapidly.

Catalase activity was found to increase as after-ripening progressed
but there was no absolute correlation between the degree of activity and
the completion of after-ripening.

Oven and sample planting tests as well as flat plantings of 7. tomentosa,
T. platyphylles, and T. cordate indicated the same general trend as 7.
americana. However, T tomentosa germinated very poorly throughout the
tests while T". platyphyllos and T. cordata germinated more easily and with
higher percentages than T. americana.
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PHYSIOLOGICAL AND CHEMICAL CHANGES PRECED-
ING AND DURING THE AFTER-RIPENING OF
SYMPHORICARPOS RACEMOSUS SEEDS

FLORENCE FLEMION g

INTRODUCTION

Seeds of SymP}{W’im"Pos racemosus Michx., commonly known as snow-
berry, are very resistant to germinative conditions. Pammel and King (9)
report complete failure to obtain seedlings in a planting of these seeds
while Adams (1) obtained 5o per cent germination after two years in the
case of seeds planted out-of-doors in September. Experiments were under-
taken to determine the reason for this delayed germination and to find
methods of obtaining speedily, if possible, a larger percentage of seedlings.
Preliminary trials in which the seeds were mixed with moist peat moss and
placed at various low temperatures for varying periods of time showed that
this method which is so efficacious in many rosaceous and other temperate
zone species (2) is not effective for the production of seedlings of this spe-
cies. Methods of obtaining a high percentage of seedlings much more
promptly were developed and considerable information as to the mecha-
nism of the dormancy of these seeds was obtained.

Dormancy in seeds may be caused by an inhibiting effect of the seed
coat, by a rudimentary or partially developed embryo, or by a dormant
embryo which requires after-ripening. It was found that the delayed
germination in seeds of Symphoricarpos racemosus is due to a combination
of these factors. It is not common to have all three of these factors involved
in the dormancy of a seed. For germination to take place it is necessary to
overcome the effect of the seed coat and to bring about after-ripening
and complete development of the embryo. The former may be accom-
plished by soaking the seeds for 75 minutes in concentrated sulphuric acid
or by placing the seeds in a moist medium for four months at 25° C. during
which period the seed coat undergoes destruction by fungi (ro). The dor-
mancy of the embryo is broken by an after-ripening period of six months
in a moist medium at 5° C. During this period at 5° C. the embryo enlarges
and increases in moisture content and in catalase and peroxidase activity.

MATERIALS AND METHODS

The berries were collected when mature in October or early November
in the vicinity of the Institute at Yonkers, New York. Immediately after
collection, the seeds were freed of the pulp by the use of a Hobart mixer,
washed well, and spread out in thin layers for drying. The seeds were then
stored (at room temperature) in containers covered with cheesecloth.

(91)
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When the seeds were to be placed in moist condition they were mixed
with granulated peat moss which gives a good air supply and at the same
time holds a large reserve of water. The peat moss was obtained from At-
kins and Durbrow, New York City. Lots of 200 or 300 seeds in duplicate
were used for all the experiments described except where otherwise indi-
cated.

BREAKING DORMANCY
EFFECT OF LOW TEMPERATURE

As stated above, these seeds could not be induced to germinate by mix-
ing in moist peat moss and placing at low temperatures for various periods.
Results of these tests are summarized in Table I which show that no ap-
preciable germination resulted in any of these experiments even though a
number of conditions were tested and the treatments were continued for
periods of several years. Experiments were then conducted in which the
extremely tough seed coats were modified. It was found that very good
germination would result if the seeds were then placed at low tempera-
ture for after-ripening and complete development of the embryo to take
place. No germination occurred at temperatures above 10° C.

TABLE I

PERCENTAGE GERMINATION OF SYMPHORICARPOS RACEMOSUS SEEDS WHEN MIXED IN
Moist PeaT Moss aAND PLACED AT VARIOUS TEMPERATURES

Experi ¢ Percentage germination
xperimen
starte*ci Temperature 1.3 2 2.5 3 4
date years | vears | years | years | years

I: . . o 0.3 1.5 3 4
1° and 10 C. alternated weekly o o** — — —_
December t°and 15° C. alternated weekly o o** — — —_
5, 1028 5°and 10°C. alternated weekly o o** — s —
5°and 15° C. alternated weekly ) o** — — —_—
10° and 25° C. alternated weekly o o** — — —
1 C. o o 5 5 5
June 7, 1929 5. C. 2 5 o7 S B
Io C. o o ot - .
20° C. o o of — -

* Lots of 200 seeds of the 1928 crop.
** Seeds moldy, experiment discarded.
T Experiment discontinued.

DESTRUCTION OF SEED COAT FOLLOWED BY LOW TEMPERATURE

With H>SO. Seeds were soaked in concentrated H,SO, (dilute solutions
penetrate and destroy the embryo) for periods ranging from five minutes
to several hours, washed well, and subsequently soaked in a large quantity
of water for an hour, mixed in moist peat moss, and placed at low tempera-
tures. The data in Table II show the percentage germination obtained
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from treatments of 30 to 75 minutes’ duration in concentrated HSO, fol-
lowed by a low temperature. The best germination was obtained from the
75-minute treatment followed by 5° C. A higher percentage germination
does not result because the coats are not uniformly destroyed by this
treatment. An examination of the seeds which failed to germinate showed
incomplete destruction of the coats. Longer soaking in H,SO fails to give
a higher percentage germination because some of the seeds are killed by
such lengthened treatment. It is seen from Table II that 5° C. is better
than 1° or 10° C. for the after-ripening of the embryo.

TABLE 11

EFFECT OF SOAKRING SEEDS IN CONCENTRATED H,SO; UroN SUBSEQUENT (GERMINATION
N Moist PEaT Moss AT Low TEMPERATURES

Percentage germination at low temperatures

Time in ;

H,SOq, 6 months ! ¢ months

minutes* | —

1° C. % 5° C. ' 1°C. | °C. | 3°C. 10° C.

75 12.3 ! 44.5 5 4.0 j 17.3 } 35.8 6.6

6o 5.3 32.8 6.3 11.0 | 48.0 11.6

45 7.6 ‘ 15.7 J 0.6 ! 13.6 | 44.8 5.0

30 0.6 4.0 | 1.0 , 1.0 | 7.8 5.6

0.0 [ 0.2 i o.o | 0.0 | 0.3 o.o

°

* Lots of 300 seeds of the 1932 crop treated on November 4, 1932.

At 25° C. The effect of various periods at temperatures ranging from
15° C. to 35° C. upon the subsequent germination at 5° C. was studied. No
germination occurs while the seeds are at these high temperatures. The
results in Table III show that the efficacy of the treatment at 25° C. in-
creases with the duration of the treatment up to four months. Periods
longer than four months give poorer results. Treatments at 35° C., 30° C,,
and 20° C. are not as good as at 25° C. and periods at 15° C. and 10° C. are
very poor in bringing about changes in the seed coats prior to the after-
ripening z and germination at 5° C. Pleiffer (10) found fungi in the seed coat
under the conditions prevailing at these temperatures and has studied the
activity of fungi in the decomposition of the seed coat at 25° C. It is seen
from Table III that the percentage germination resulting when the seed
coats are modified by fungi and the embryos are after-ripened at 5° C.
ranges from 25 to 8o0. This variation in the percentage germination ob-
tained is probably due to the activity of destructive organisms in partially
or completely destroying some of the seeds while at 25° C.

Experiments were conducted in order to determine whether seeds kept
under moist conditions for three and four months at 25° C. in the absence
of fungi would germinate after subsequent after-ripening at 5° C. Four lots
of seeds were subjected to the following treatments: (1) five and one-half
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hours inrs per cent AgNO; followed by 5 hours in 5 per cent NaCl and then
one hour in very dilute NaCl, (2) one hour in 5 per cent AgNO, followed
by one hour in 5 per cent NaCl and washed with distilled water, (3) one-
half hour in o.5 per cent Uspulun followed by one-half hour in distilled
water, and (4) thorough washing with distilled water. The seeds were
then placed in sand in sterile tubes at 25° C. and watered with sterilized
water as often as necessary. At the end of three and four months at 25° C.
the seeds did not have the dark color and soft coats of those seeds which
had been in moist peat moss (not sterilized) for the same length of time
at 25° C. nor did they germinate when subsequently subjected to 5° C.
Upon examination no injury in the use of distilled water or Uspulun could
be detected (10) yet in no case did these sterilized seeds germinate after

TABLE III

EFFECT OF PREVIOUS PERIODS AT 25° C. UPON THE OSUBSEQUENT GERMINATION IN MoisT
PeaT Moss aT 5° C.

Percentage germination at §° C.**
Crop |Monthsat| Date transferred to 5° C.*
25° C. 4 months | 5smonths | 6 months
1930 4 November 24, 1931 8.2 64.2 73.0
I December 3, 1932 o o o
2 January s, 1933 0.8 10.3 19.5
3 February 4, 1933 14.8 49.5 63.5
4 March 7, 1933 47.3 69.8 80.0
1932
2 April 16, 1933 3.8 7.8 13.0
4 April 16, 1933 10.0 18.0 24.5
3 February 24, 1933 15.7 41.1 50.4
4 March 27, 1933 14.9 37.0 42.8

* Duplicate lots of 200 seeds each.

** These figures represent the percentage germination of seeds remaining intact
throughout the experiment. A small number of seeds (2 to 15 per cent depending upon the
lqngbt;h of time at the high temperatures) had to be discarded because they did not remain
viable.

nine months at 5° C., while those which had been in moist peaf moss for
four months at 25° C. gave about 65 per cent germination after six months
at 5° C.

Combination of HySOs and high temperature. When seeds are treated
with concentrated sulphuric acid for 75 minutes and placed at 5° C. about
50 per cent germinate after six months. When the seed coats are broken
down by placing in moist peat moss at 25° C., 25 to 8o per cent germina-
tion can be obtained. It was found that if a combination of the sulphuric
acid and high temperature (25° C. or 30° C.) treatments were used, germi-
nation of 60 to go per cent resulted.

Seeds were soaked in concentrated H,SO, for various periods, washed
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well, soaked in water for one hour, mixed in moist peat moss, placed at
high temperatures for two weeks or one month, and then transferred to
5° C. The percentage germination not shown in tables obtained by this
method ranges from 60 to go. Seeds which had been soaked in H2504%0r 75
minutes and were subsequently placed at 25° C. for two weeks gave 66 per
cent germination (Table IV) while the seeds which were treated with
H,S0, for only 45 minutes gave better germination if followed by one
month at 25° C. rather than two weeks. Pfeiffer (10) found that during
this short period of two weeks or one month at 25° C., the remaining part

TABLE 1V

ErFECT OF TREATING SEEDS WITH CONCENTRATED H,SO; AND HIGHER TEMPERATURES

BEFORE PLACING AT LoW TEMPERATURES UPON SUBSEQUENT GERMINATION AT 5°

Treatment Percentage germination at 3° C., months
’II:Iinét(a)in Tinge at
1250, 25° C,, 3.5 : 5 6
minutes* months i >
75 I 14.5 36.2 44.0 46. 2
75 0.5 3.6 25.3 60.7 635.8
75 o 4.5 II.0 36.2 46.3
1 10.3 27.6 62.8 68.2
60 o.5 7-3 3I.2 52.5 58.3
o I.2 6.7 34.3 47.0
1 .7 23.8 51.8 50.2
45 °.§ 1.0 7.6 38.0 50.2
o .3 1.8 6.6 14.7
o 4 4.6 10.0 24.5 31.8

* Duplicate lots of 300 seeds treated and placed at 5° C. on April 16, 1933.

of the coats which had not been destroyed by Hy;SO were thoroughly in-
fected with fungi. Apparently the fungi were efficacious in the case of seed
coats not completely destroyed by the acid and were not injurious (at
least within two weeks) to those seeds, the coats of which had been suffi-

ciently deStroyed.
CHANGES ASSOCIATED WITH THE BREAKING OF DORMANCY

Studies were made on the changes taking place in seeds undergoing
various treatments which bring about subsequent germination. Embryos
were excised from seeds which had been subjected to various conditions
conducive to the breaking of dormancy. The excised embryos were placed
in aerating water (water through which air was continuously passed) for
one month. The embryos (magnified 4X) before and after aeration are
shown in Figure 1. The embryos from the dry seeds and from seeds which
had been in moist peat moss for two and one-third months at 5° C. or for



FiGURE 1. Excised embryos (magnified 4X) of Symphoricarpos racemosus seeds which
had been subjected to various treatments. (A) Soaked 75 minutes in concentrated H,S0,
followed by two and one-third months at 5° C. in moist peat moss; (B) at 2 5° C. in moist
. Ppeat moss for threé months; then transferred to 5° C. for two and one-third months; )
at 25° C. for four months in moist peat moss; (D) at 5° C. for two and one-third months in
moist peat moss; (E) embryos from dry seeds.

R,
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four months at 25° C. remained practically unchanged during the aeration
period. However, the embryos of seeds which had been in moist peat moss
for three months at 25° C. or treated for 75 minutes in concentrated
H,SO,, and subsequently placed at 5° C. for two and one-third months,
had sufficiently after-ripened to show considerable development when
placed under conditions furnishing an adequate oxygen and water _supply.
The period of three months at 25° C. was effective in overcoming the effect
of the seed coat but did not materially alter the embryos. The period of
two and one-third months at 5° C. partially after-ripened the embryos es-
pecially when the coats had been previously destroyed with either sul-
phuric acid or high temperature.

Enzyme Activities

The enzyme changes occurring during the breaking of dormancy were
also studied. For catalase determinations a definite number (100 or 200) of
seeds were ground in a mortar with pure quartz sand and o.5 gram of cal-
cium carbonate, washed into a 5o cc. volumetric flask, and made up to
volume. Aliquots of 5 cc. were drawn for the determinations. The pro-
cedure and apparatus as described by Davis (3) were used except that the
hydrogen peroxide was neutralized with calcium carbonate instead of
sodium hydroxide. Peroxidase activity was determined by using aliquots
of the same solutions used for catalase. The method used consisted of the
oxidation of pyrogallol to purpurogallin under controlled conditions and
the subsequent colorimetric determinations of the amount of purpurogallin
formed (7).

The data show (columns 4 and 3 of Tables V and VI) that while kept
at 5° C. the seeds increase in catalase and peroxidase activity several

TABLE V

EFFECT OF VARIOUS TEMPERATURE TREATMENTS UPON DrY WEIGHT, M0OISTURE CONTENT
AND ENzYME ACTIVITIES

- Drv Weigh P . Percent?ge
T eight Peroxidase | gernunation
Treatment per};oo se%ds Percentage (;atalase mg. of after 6
grams moisture cc. of Ox |5y rpurogallin moréths* at
b .
Dry seeds 2.764 4.66 7.2 4.84 o
4 monthsat 5°C. 2.732 33.93 16.8 14.96 o
1 month at 25° C 2.670 34.89 9.4 6.30 1.0
2 monthsat 25 C. 2.364 40.21 6.0 — 19.6
3 monthsat 25 C. 2.435 39.08 6.4 — 12.3
4 monthsat 25 C. 2.168 44.45 4.5 4.29 31.8
3 monthsat 25° C.
followed by 23
monthsat 3° C. 2.080 40. 46 29.7 13.87 63.7

* Duplicate lots of 300 seeds.
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hundred per cent. These results agree with other determinations of catalase
and peroxidase activity during after-ripening (4, 5, 6, 8). No increase in
the activities of these enzymes occurs during the preliminary period at
25° C. while the seed coats are undergoing decomposition, in fact there is
a slight decrease. It is of interest, too, that when seeds are kept at 5° C.
without any previous treatment to destroy the seed coats, an appreciable
increase in enzyme activity results although such seeds will never germi-
nate, nor do excised embryos of such seeds develop seedlings when placed
in aerating water.

TABLE VI

DryY WEIGHT, M0I1sTURE CONTENT, AND ENZYME ACTIVITIES OF SEEDS TREATED WITH CON-
CENTRATED H.SO, aND KeprT IN Moist PEAT Moss FOR Two AND ONE-THIRD MONTHS

AT 5°C.

Duration . P . Percentage
of H,S0;4 Dry weight | percentage | Catalase eroxidase germination
treatments, | Per30oseeds | " qiciyre cc. of Oy mg. of |, fier 6 months
minutes* grams purpurogallin at5°C.

75 1.610 42.06 34.8 18.6 45.3
6o 1.872 35.12 21.4 17.1 40.2
43 1.915 34.05 19.7 11.9 15.3
30 2.069 32.03 16.7 13.1 6.3
o 2.636 32.00 10.0 — o
Dry seeds 2.764 4.66 5.5 4.8 —

* Treated and placed at 5° C. on February 6, 1933.

Water Relations

Uptake of water. Determinations of the moisture content of the seeds
under various conditions (some of the data are given in Tables V and VI)
have shown that the dry seeds take up water up to about 30 per cent very
readily. Additional water is taken up slowly at both high and low tem-
peratures. Although the data in Table VI seem to show some relation be-
tween the moisture content and germination, the data as a whole do not
indicate a close relationship since seeds kept under conditions not favorable
for after-ripening often take up considerable additional moisture, Further
experimentation is necessary before any definite conclusions can be drawn
as to the relation between the uptake of water and the subsequent germi-
nation of the seeds.

VITALITY DURING STORAGE

fRoom temperature storage. Changes take place as the seeds age under
ordinary storage conditions at room temperature which are reflected in
the germination resulting after various treatments. Experiments were con-
ducted in which the seeds were treated for 4 5 minutes with concentrated
Hz.SO4 and placed for nine months at 1° C. The change in response ob-
tained with seeds after varying periods of storage for the crops of three

s
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vears is shown in Figure 2. It is seen that the freshly-harvested seeds do
not respond nearly so well as do the seeds after a period of three to seven
months of storage at laboratory temperature. After the peak at three to
seven months the per cent germination obtained from subsequent lots
gradually became less until, after 12 months, very low germination re-
sulted.

These experiments do not show, however, that the seeds lose their
vitality under these storage conditions. In fact, two and one-half year old

70 T T T T T T T T T T T T T

O 1928 CROP
60 - ® 1929 CROP | 1
@® 1930 CROP

40 |-

30

20

PERCENTAGE GERMINATION

q
10 -

e

° FREéHLY’ 3 6 9 12 5 8 21 24
HARVESTED
MONTHS AT ROOM TEMPERATURE STORAGE

FI1GURE 2. Curves showing changes in the response of Symphoricarpos racemosus seeds
to a suboptimal treatment (45 minutes concentrated HySO; followed by nine months at
1° C.) at various periods after harvest. These results are not due to a loss in vitality but are
probably caused by alterations in the seed coat during dry storage.

~

seeds of the 1930 crop which failed to give any appreciable germination
after 45 minutes of concentrated H,SO4 and nine months at 1° C. re-
sponded well to a more favorable treatment (6o minutes concentrated
H.SO, and two weeks at 30° C. followed by six months at 5° C.). These
experiments show, therefore, that storage at room temperature markedly
affects the character of the seed coat so that a treatment employed for the
destruction of the coat may not be optimal for seeds of all ages.

The length of time in which the embryos remain viable under these
storage conditions has not yet been determined. Seeds two and one-half
years old are still viable.
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Effect of storage atvarious relative humidities. In order to determine the
effect of relative humidity on the vitality of seeds, seeds were kept at
room temperature in desiccators over various concentrations of H,SO,
(11) such as were required to give the humidity desired. The controls were
also kept in desiccators. After two yea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>