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1o STATHMENT OF THE

The dandelion has long been a source of annoyance in the
lawns of the vrban dweller, znd has also bscome & weed in
pastures and waste land. Two methods of controlling the
dandelion in lewns gre in use. The first method is to treat
the lawn and the dandelion with & differential herbicids,
which eradicates the dandelion and does not appreciably
&amage the grass., The second method of control is to treat
the individusl plants with a chemical.

The dandelion eradicatién experiments carried on &t the
University of Manitoba were done with a view of Ifinding =
chesp and éffeeﬁive differential spray which could be used
with ordinary spraying apparatus and which need be applied
once or twice during the growing seasonm. It was hoped that
a spray could be found which had none of the disadvantages
of iron sulphate namely the discoloration of sidewalks and
clothes, and the necessity of numercus applications through-
out the growing season. The experiments on the treatment §F
individual dendelion plants were carried on for the purpose
of finding a method of eradicating the occasiomnal plent,
where the infestation was not heavy enough te warrant the
treatment of the whole lawn, The common method used in the
eradicgtion of the individuel dandelion plants is to "spud®
them during the growing season, It was hoped that a chemical
could be foun& which would eradicste the dandelion in 2

single treatment, without injury to the grass.
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2, HREVIEW OF LITERATURE

Dandelion eradication experiments carried on at research
institutions have met with varying degrees of success. The
chemical that has been used to the greatest extent for a
gifferential spray is iron sulphate.

Thornton and Durrel (32) of Colorado have suggested the
use of iron sulphate, 1F lbs., dissolved in 1 gallon of water
and applied in the form of a fine mist on & cloudy day when
there is no possibility of immediate rain. Three to five
gpplications were Tound necessary, these applied at intervals
of two weeks, throughout the growing season. Adams (1) of
Rhode Island, recommended the use of a 20% solution of iron
sulphate, sprayed on the plants just befeia the buds open.
This worker Tound that four or five sprayings were necessary
to destroy the dandelions. The parcentage of plants killed wss
as high as 95. He recommended that the spraying be done on a
warm sunny day, and at intervals of four to six weeks. Moore
and Stone (18) of Wisconsin, also recommended the use of a
20% solution of iron sulphate and suggested that the sprayings
he dons on a warm afterncon when there is a promise of fair
weather. The tests carried on by these workers showed that
when lsrge areas were treated, the resulfs were not as satia#
factory as when the spray was applied to the small lawn. This
faet is asceribed to the length of the grass in the large areas

which prevented the spray from reaching the leaves of all the
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dendelions., Olive (22) of South Daketa, applied a 20%
sal&%i@n of ireon sulphate to lawns and did not find the
results as satisfactory as those of other workers. This
worker found thet the young dandelions were killed with a
single application, but that the larger plants persisted in
reappesaring, even when the infested area was treated three
and four times. It was found that the clover in the lawn
was damaged by the use of iron sulphate. Discoloration of
anything with which the spray came into contact was also
noted. Irritation of the skin and eyes, when using the iron
ﬁulphaté spray was reported by this author.

French (7) of New York, stated that the universal use of
iron sulphate as & dandelion erasdicant is unlikely, Jjudging
from his experience that after twelve applications of the
spray, the dandelions came up in profusion. The expseriments
of this worker had to be stopped in the second year, owing
t0 the severe damage to the grass. After each appolication
of the spray the lawn turned black and was unsightly for
some days. Another polnt of view is obtained in the publicat-
ion of Munn (21) alse of the New York Experimental Station.
In a summary of eight years results it is stated that the
nse of iron sulphate is to be highly recommended in the
eradication of the dandelion in lawns. |

Some of the results of Munn (21) may be briefly summar-
ized as fTollowse. Four or five applications of the iron

sulphate spray are needed:no material demage to the grass
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was found; the fidrst spray should he apvlied hefore flower-
ing; the later sprayings at intervals of four weeks, 1t is
also suggested that the spraying be discontinued during the
hot weather, in order to avoid material damage to the grass.
Hunn (21) also agrees with Olive (22) that the white clover

in the lawn is damaged when uging the iron sulphate Spray.
Bolley (3,4) states that iron sulphate successfully eradicated
the dandelion, no injury to the grass being noted. It was
found that the cost of spreying, when applied to large areas,
was cheaper than cutting the lawn.

Pammel and King (23) working in Iowa, found that two
sprayings of a 20% solution of iron sulphate killed the
dandelions without damaging the grass permanently. Selby (27)
in Iowa fcound that it was necessary to spray four times with
& 20% iron sulphate solution Before the trestment was effect-
ive. The firat treatment according to this worker should be
applied before the plant comes into bloom. Fyles (8) of
Ottawa found that, after the third application of a 20% iron
sulphate spray, the grass was so badly damaged that the
sxperiment had to be discontinved. Howitt (14) of the Ontario
Agricultural College found that after six sprayings'using a
20% iron sulphate solution, the dandelions were reduced over
90%; No permanent damage to the grass was noticed. Longyear
(16) of Colorade Ffound that there was no easy method for the
control of ths dandelion. The reason was that reseeding

ococurred after all precautions had been taken. This worker
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suggests however, that the best and cheapest method of
control is t0 be found in the use of iron sulphate sprays.

Loomis and Noecker (15) found that by the use of a
petroleum distillate, with the @ddition of furfurel, as high
as 95% eradication was obtained with a single treatment,
It was recommended by these workers that the spraying be done
in warm weather and that the applications be made in early
June or at the beginning of the fall growing period. Sturkie
(30) of Alabema found that caleium cysnemide, when epolied
in the granulsr or powder form, at the rate of 1000 to 2000
1bs. t0 the acre, either in one application er two, reduced
the number of weeds in lawns and greatly fertilized the grasse.
One applkceation of this chemical was found necessary to kill
the dandelion. It should be applied between December and
Varch. It is suggested, however, that the treatment be
limitaﬁ'%o Burmuds grass lawns, as'there ig considerable
damage when the chemical is applied to bluegrass. Reéeeaing
of the areas that appear bare after treatment is recommended
by nearly all of the above workers,

Bateman (2) found that the toxic effect of a chemical
is related to its concentratiom. This relationship was found
to hold true for plants as well as insects and bacteria. It
is shown by this worker that the relationship between the
percentage of retardation in growth and the concentration of

the chemical may be expressed in logarithmic terms. A parabolic
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relationship spparently holds true. This worker found that
the various chemicals used gave a variety of slants to the
charted lines varying with the constitution of the chemical
used. The basis of calculation used by Bateman (2) was the
formuls B= DCY, which is the general parabolic formula.
MeCooel (17) showed thet similer relationships were found
when showing the effect of various chemicals, used in cultural
solutions in which plants were grown. Tattersfield, Grimington,
and Morris (31) found that, in insecticides, there is a
relationship between the concentration and the toxicity. The
te@hniqua used by these workers was ifound most applicabls to
the analysis of the dandelion ersdication resultse.

Phe eradication of individusl dsndelions has been referred
to by & number of workers. French (7) and Georgis (10)
suggested the constent digging of the plants until the food
regerve was exhsusted. Thormton andcDurrel (32) recommended
digging up the lawn if the dandelions were vsry numerous.
French (7) found that large healthy dandelions had to be dug
seven or eight times before the roots of the plants were
finally sterved. Longyear (16) found that by digging the
‘roots he was sble to kill 64.7% of the plants. Henderson (12%
found that cutting off the crown was useless in eradieating
the dandeliome. The results of experiments in which the crown
or root was ocut off have been far frem-éatisfaetory¢

£ number of workers in the field of dandelion eradication
have suggested the use of various chemicals, which can Dbe

applied to the rosette or the cut crown. Georgia (10)
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suggested a pinch of salt applied to the cut crown. This
treatment was found only to retard the growth of the dandelion,
not kill it. Longyesr (16) used gasolens on the plant and
found that 95% of the plants were killed. Henderson (13) foumd
that the use of a salt solution poured on the plant was use-
less in killing the dandelion and had an injurious effect on
the grass., The same results were found when the crown was cut
off and the brine poured on the cut surface of the root. This
author found that cosl o0il, poured on the well expanded
dandelion, checked the growth of the plant but did not kill

it, It was found that the coal oil injured the gmass surround-
ing the dandelion olants. When coal oil was applied to the

cut crown the results were inconclusive and the damage to the
grass appreciable. This worker found thst gasolene poured on
the plant retarded the growth for at least a season and did not
injure the grass. Similer results were found when gasolens was
poured on the cut crown.

Moore and Stone (18) recommended the use of iron sulphate
crystals applied to the rosette. Thormton and Durrel (32)
recommendad the use of small amounts of gasolene or kerosene
applied to the rosette, or the use of an icepick dipped in
concentrated sulphuric acid, and then stuck into the crown
of the plant. These authors suggested that a pinch of
ammonium sulphate applied to each crown aided in the control
of the dandelion. The use of smmonium sttlphate has been

suggested by various workers on the premise that this fertiligzer
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will increase the scidity of the soil to an extent that it
will be deleterious to weed growth. The use of the fertilizer
offers great appeal in so far as it scts as an easily availsgble
source of nitrogen, which is stimulating to the grass. The
acidity, or possibly the increased quantity of active aluminium
associated with the use of this fertilizer, is tolerated by
the "bent" grasses according to Garner and Damon (9), but is
| someﬁh&t harmful ﬁo the common lawn weeds. It might be stated
here thet applying ammonium sulphate to the soil commonly
found in the Winnipeg area, had little effect in changing the
acidity. This is due to the high buffering action of the soil.
Muenscher (20) recommended cutting off the crown well
below the ground level and placing a few drops of sulphuriec
acid on the cut surface. This worker also suggested the use
of & pinch of ammonium sulphate on the surface of the cut
crown, Among the more recent reagents used in the eradication
of individual dsndelion plants are petroleum and furfural
mixtures, applied to the rosette of the plante Loomis and
Noecker (1B5) suggested the use of a petroleum‘fuffural mixtures.
Buckardt (5) found that spproximately 70% of the dandelions
were killed with a single treatment of 4 c.c. of & petroleum
furfural mixture. The solution used consisted of 95% Stanolex
fuel o0il no.l, and 5% furfural. The method followed in the
above experiment was to use & "cane" which delivered the

desired amount of chemical to each of the plants treated.
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This worker glso observed that the mature plants required
more of the mixture to kill them than did the smaller plants.
Some of the plants that were killed to a depth of three
inches below the crown produced new growth about fonty;twc
days after treatment.

The results that have been reported by workers in the fisld
of weed eradication show that there is little agreement as to
the best method of controlling or eradicating the dandelion.
The discrepancy that is found may be due to & number of factors.
It has been pointed out by Godel (1l) that in herbicidal work,
numercus factors usually neglected should be taken into
consideration,in estimating the results. Weather and temperat-
ure are reported in few instances. The time of day at which
the treatments were made, the purity #f the chemical used,
the atmospheric pressure and alr movement, rainfall and dew,
soil conditioﬁs and soil moisture, and other important factors
have been neglected, or have not been thought important
enough to report; It may be that these neglected factors are
emong the chief reasons that there is such & discrepancy in
the results found by the various workers in the field of

dandelion eradication.
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%- PRELIMINARY EXPERINVENTS- 1934

The preliminsry work on differential herbicides was
carfied on at the University of Manitoba by Tildseley (33].
The preliminary egperiments on dandelion eradication in
which & number of chemicals and various rates of application
were used, showed copper nitrate was the most promising as
a differentisl herbicide. None of the other chemicals used,
alone or in combination gave an appreciable reduction in
the number of dendelions present. One view of the preliminary
treatments where copper nitrate was used, is seen in
Figo.1l,

The chemicals used in the preliminary work were:
l,~ Sulphuric acid- 5%, 6%, 7%, 8% solutions applied at
100 gallons per acre,
2.~ Copper nitrate- 2h, Zh, 4%, 5% solutions applied at
100 gallons per acre.

Be= CoppEr suiphats- 2%, 3h, 4%, 5%, solutions applied
at 455 gallons per acre.

4.~ Ammonium sulphate- 261, 435, 600, 783 lbs. pser acre.
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4= HERBICIDAL EXPERIMENTS-1935

Methods

The preliminsry results. were so promising that it was
thought gdvisable to concentrate on copper nitrate, and find
the optimum number of applications, time of application and
optimum per cent of copper nitrate for dandelion eradication.
For this purpose & section of the foothall field was used

which consisted chiefly of bluegrass ( Poa pratensis L. and

Poa compressa L, ) and dandelions. The plots laid out were

twenty feet square and the treatments were randomized so

that a check plot was used for each of the treated plots. The
rates of application were 1%, 2k, 3%, 4% and B% copper nitrate,
each percentage applied at the rates of 100, 200, 300, 400 and
500 gallons per acre. The plan of the plots is seen in Fig. 2
and 3. Block A was treated twice in 1935, July 8th and August
28th., &nd the ohservations on the treatments made the
following spring. A second set of plots was igid out on the
same general scheme a&s block A. On this set of plots which
received copper nitrate treatments, the psrcentage of chemical
applied was %, 13%, 2%%, B%b end 4%%h. The rates of application
were 100, 200, 300, 400 and 500 gsllons per acre, for each of
the'above percentages. This block received a single treatment
on July 24th. 1935. The single treatment when applied on this
date appeared to have little effect in controlling ths dandelion,
and for that reason, this set of plots was discontinued. The
plan of the plots that received a single treatment, and the

method of numbering the plots is seen in Fig. 3l.
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The plots treated in 1935 and reported upon in the spring
of 1955, resembled & large checkerboard. The treated plots were
greener and the grass longer than the plots which receivéd no
treatment. The method used in determining the effectiveness of
the treatment was to take square yard areas from the centre of
the treated and/untraatea plots and count the plants present.
Error was overceme in cbﬁnting the dandelion plants in the
treated and untreaéeé.araas by repeating all counts. If thers
was any aiaersp&ney the counts were made a third time. 4 square
wooden frame was made and strung with wire at foot intervals.
This gave néne sections, each a square fook, which facilitated
the counting of the plants., The actual position of the dandelions
was recorded on graph paper. A comparison of the treated plots
and their checks gave an indication of the effectiveness of the

various treatmentse.

Results and Discussion

The,aetual position of the plants within the square yard
areas of the treated and untreated plots is shown in Figs. 4
to 28, The figures at the side of the charts indicate the
number of daendelions found in each of the square feet. 0f the
various rates of epplication and percentages of copper nitrate
used, the most effective results were obtained in the plots
receiving & spray of 2% copper nitrate at the rate of 300
gallons per acre and the plots receiving a 3% copper nitrate
spray at the rate of 200 gallons per acre. Though other rates

of application gave a high percentage of plants killed, the



demage to the grass was too severe for their recommendation.

In examining Figs. 4 to 28, it will be seen that there ié often

& discrepancy in the number of plaﬁts killed, between the V&fiﬁa.

us percentages of copper nitrate used and alsc between the groups

of plots receiwing the same percentage of copper nitrate, but at

different rates of application. It might be expected that as the

amount of copper nitrate per plot increased, the effectiveness

of the chemical would incresse. The inconsisté@ncy in some cases

may be due to a number of factors, namely the age of the plants,

plants missed in the spraying, and the degree of dandelion

infestation at the time of treatment. -
The results of the 5% group of treatments in Block A may

appear suprialng in that they do not seem as effective as the

1% set of plots. This may be due to the fact that the 5% treat-

ments were applied & week later than the other treatments and a

heavy rain followed the applicatieon of the spray. General

results of the 1935 sprayings are seen in Fig. 30.

Counts on the plots that received a single treatment of
copper nitrate in 1935 showed that there was an inappreciable
difference hetween the number of plants in the treated and
untreated areas. For this reason the collection of further
date was discontinued, A summary of the results obtained on

Block 4 in 1935 is seen in Table 1.
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The Effeet of Concentration on Toxicity when Dandslions werse

Treated with Copper Nitrats,

One per cent copper nitrate, applied at 100 gallons per
acre was the lowest concentration reported in detail here,
and was designated as & concentration of 1. Bateman (2) found

thet the toxicity was related to the concentration when chemic-
als were applied to living plants. A modified form of the
formula RS DGB, used by Batemsn was applied to the dandelion
ersdication results. In the formula R corresponds to the
percentage of plants killed, €, to the concentration of the
toxic meterial and n, the slope of the line when the results
were graphed on logarithmic paper. D is a constant. The slope
of the line veried with the chemical used and in this report
both D and n were disregsrded as a single chemical was under
congideration.

The results of the herbicidal experiments on the dandelion
in 1935 on Block A were analyzed to determine if they fitted
the hypothesis of Bateman, namely, that the toxicity was
affected by the concentration of a chemical, In Table 2 the
treatment, concentration of the chemical ( in units} and the
percentage of plants killed are tebulated. The percentage of
plants killed required by the logarithmic curve and the
variations from the curve are also given. The results show
that within the concentrationm of copper nitrate used in these
experiments there is & relationship with the logarithmic curve.

The results are graphically shown in Fig.42.
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‘Table 2.

5|

THE EFFECT OF CONCENTRATION ON THE TOXICITY OF COPPER NITRATE

£

USED IN THE DESTRUCTION OF THE DANDELION.
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Be= HERBICIDAL EXPRERIMENTS-1936

In 1936 experiments compsrable to those of the previous
year were conducted. The appesrance of the plots in 1937
showed that the tresitments had effected paritial control of
the dandelions, but that, on the whole, they were considera-
bly less effecient than the treatments of 1935, Due to lack
of funds actusl counts of dandelion plants were not mede in
1937 1t is plenned to make counts of dandelion plants on
both series of plots in the summer of 1938 to determine the
long-time effect of the treatments and to prepare a report
on the entire project,

6o EXPERIMENTS ON THE ERADICATION OF INDIV?DU&%_&A&DELION

PLANTS WITH HERBICIDES-1935

Methods

Phe ares chosen for the 1935 experiments on the treat-
ment of individusl dendelion plants was on the east side of
the football field where the dandeliomns were present in
large numbers, The sod was chiefly bluegrass end redtop and
had been seeded for at least ten years. The chemicals that
were applied were gaselena, fuel o0il and solvent. The chemica-
1s were applied with a pipette, so that an exact amount of
chemical could be applied to each plant, The quantity of
chemical spplied to each of the plants was 5 ce. Where treat
ments were applied to the rosette, the chemical was applie&
to the centre of the rosette, when to the crown, the rosette
was removed by cutting belew the ground level, and then the
chemical was placed on the freshly cut surface. The plants

were treated on July 6th. and examined om Sept. 20th. 1935,
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& composite sémpl@ of the plants reaeiving identical
treatment was taken and typical specimens drewn. These illus-
trations are seen in Figs.4£3 to 49, The methods used in
reporting the effects of the various chemicals agpplied to
the individusl dandelion is as follows.

l.- Plants healthy on the daste of reporting, no apperent
damage done by the chemical,

2e= Plants damaged when reported. The root or crown
appeared to have been affected by the chemical. The plants
were alive and able teo produce leaves.

Ze~ Plants dead or in a severely damaged condition. Thers
were no leaves present and the roots were ususlly rotting,

Results end Discussion

The variation of the results within any identical éreaﬁm
ment may be due to one or both of the Tfollowing reasons: (1)
part of the chemical rumning off the plant or the treated
root: (2) the age of the dandelion plant may have played a
part in the results obtained as the older plants tended %o
have larger rocts and these may ha¥s heen able to withstend
more of the chemical.

The results of the various chemicals used in the eradic-
ation of the individusl dandelion plants in 1935 are seen
in Table 3, on the following page. The results show that
none of the chemicals killed more than 68.7% of the plants
treateds, None of the chemicals used in 1935 are recommended

for the eradicstion of individual dsndelion plants.
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Table 3.

COMPARISON OF CHEMICAL TREATIENTS ON INDIVIDUAL DANDELION PLANTS.
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|EXFERIMENTS ON THE ERADICATION OF INDIVIDUAL DANDELION PLANTS

~“The experiments carried on in 1936 were more extensive than
those of 1935, A larger number of chemicals was used. It was
thought that the time of spplication might have an effect on the
efficiency of the chemical treatment, and so applications were
made at various times throughout the growing season. Other
variable factors that were taken into consideration were: (1)
the smount of chemical applied to the plant; (2) the vart of
the plant to which the chemical was spplied, and (3) the effect
of leaving the cut crown expossd or of covering it.

When the chemical was in the form of a powder or crystals it
‘was applied at the rate of 1 and 1 teaspoonful both to the
rosette and the crown., When it was applied to the erown, some of
the roots were covered with soil and others left exposeld. The
treatments were mede on July 15th. and on August 16th. When the
chemical to be applied was in the form of a liquid, 5 and 10 cc.
were used. Applications were made on the rosette and the crown.
fihen applications were to the crown, some were covered and others
1eft exposed. Of the chemicals used, Raphanite and arsenic tri-

. oxide gave the most satisfactory results. Both of tﬁese chemicals
killed a high percentage of plants under all variations of applic-
ation. Ten cubic centimeters of Rapbanite applied either to the

crown Or the rosette in August gave the best results. This chemical
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in no way injured the grass.

In using ersenic trioxide, the time of application and the
part of the plant treated did not effect the efficiency of the
herbicide. It is suggested that one half a teaapéonful be
applied to the rosette during the growing season, for the
eradication of the individual dandelion plants. Sodium chlorate
killed 100% of the plants but severely damaged the grass
surrounding the plants and for this reason it is not recommended.,

A summary of the results obtained by using various chemicals
on dandelion plants is seen in Tables 4 and 5. Table 4 shows
the percentage of plants dead, injured and normal. Table 5
shows the percentage of plants dead, the variations in the

treatments applied and whether the treatments are recommended.
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Table 4.

SUMMARY OF THE TREATMENTS APPLIED TO INDIVIDUAL DANDELION

PLANTS DURING THZ GROWING SEASON OF 1936.
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ARY OF RESULTS OF TREATMENTS APPLIED 70 INDIVIDUAL DANDELIONS
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7e= GREENHOUSE EXPERINENTS

Estho&s

In conjunction with the work done in the f£ield on the
eradication of the dandelion, a greenhouse project was
carried on in the fall of 1936 to see whether the dandelion
plant would react to the copper nitrate spray in the same
menner as under field conditions.

Heglthy plants were collected in the fall of 1936 and
planted in pots in the greenhouse. The plants grew well under
these conditions. From the material planted five pots were
taken which appeared compsarable in size and condition. 48 in
the field experiments, 1%, 2%, %%, 4% and 5% solutions were
mede up using Raphanite, one concentration to each of the
five pots. To each of the plants bee. of the solution was
gpplied, This amount fully covered the leaves with a fine
misty spray. The chemical was applied to the plants in the
greenhouse with an atomizer set in & graduate. On some of the
leaves, leaf hairs were not present, with the result the
spray tended to rum into the leaf axils,

When the 1% sclution of copper nitrate was applied teo
pot no., 1, the leaves did not begin to curl until five hours
after the treatment. The effagt of the spray was by no means
permanent, In the photograph showing the plant fourteen days
aftsr the treatment, it appeared quite healthy. Pot no. 2,
which received the 2% copper nitrate solution, began to wilt

two hours after the chemical was applied, Fourteen days after
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the trestment, the plants had made little recovery. In pot
10. &, receiving the 3% copper nitrate solution, the plant
began to wilt two hours after the spray had been applied,
Fourteen days after the treatment, the plant had apparently
recovered. This may be due to the fact that this plant
contained numerous secondary crowns. Pot no. 4, receiving
the 4% copper nitrate solution wilted within one hour after
gpraying, and fourteen days later had made 1little recovery.
Pot no. B, receiving the B% copper nitrate solution, showed
the leaves beginning to droop within thirty minutes after
the treatment. After fourteen days there were only four leaves
present on this plant,

Results and Discussion

Though the a2ction of the spray in the greenhouse was much
slower than was found under field conditions, the net effect
was much the same as was found sfter the first spraying in the
fielde It took the dandelion plants in the field & little
less time to recuperate from the first spreying. The fact
that the humidity was high and the light intensity low in
the greenhouse may partially explain the slowness in the
gsction of the herbicide. Photographs showing two views of
the treated plants, taken at various intervals after treat-
ment are shown in Tigs. 32 to 41, The illustrations show

the progressive collapse of the leaves.
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le- In the past the use of herbicides for the eradication
of the dandelion have heen only partially successful, These
herbicides were found to have damaged Lthe grass in some cases
and had to be applied several times before eifective control
of the dandelion was obﬁainedo

Bo- Bxperiments at the University of Manitoba in 1935, have
shown that the use of copper nitrate sprays, applied in ftwo
treatments about & month apart, were effective in killing the
dandelion without dameging the grass permanently.

Z.= The success obtained avpears to be due to ﬁhe fact
that copper nitrste spray can be used to kill the leaves at
two different periods in the growth of the plant, and thus
exhaust the food reserve, weakening the plant so that it
gannot overwinter.

4o~ The effect of the spray was gpparent within thirty
minutes, when applied on a warm day.

5.,- The grass temporarily turned a yellowish green color,
A year after the spraying, however, the grass in the treated
areas\appeared more healthy than in the untreated onss, due no
doubt to the fertilizing effect of the nitrate in the herbicilde

6o~ In eradicating individual dandelion plants the chemical
-8 that have been found effective are Raphanite ( copper
niteate) and ersenic trioxide. These chemicals did not injure

the grass surrounding the dandelion plants treasted, Sedium



chlorate is not recommermded as the damage to the grass was
£00 severe.

?;u Greenhouse experiments suggested that the speed of
action of tﬁe herbicide is due to thevconcentration of the

copper nitrate, light intensity and humidity.

RECOMMENDATIONS FOR THXZ USE OF COPPER NITRATE FOR THE

ERADICATION OF THE DANDELTON.

2, le= The copper nitrate solution should be applied in the
form of a fine mist, on a warm 4ay.

2,~- A 2% copper nitrate solution applied at the rate of
506 gsllons per acre or a %% copper nitrate solution applied
at the rate of 200 gallons per acre, give the best results,

%.= Copper nitrate sprays should not be applied %o
lawns where there is any quantity of young grass.

4.- A pressure tank sprayer gives good results when &
small area: is to be treated.

5.~ Two trestments of the infested area are necessary, the
firgt about July 15th. and the second about August 15.

6o= Watering the lawn forty-eight hours after the spray

is applied reduces the amount of disceoloration of the grass.



A

Part 2- AN ECOLOGICAL STUDY OF THE DANDELION

Introduction and Review of Litersture

There are few references in the literature on the
ecology of the dandelion. Among the workers that have
éonﬁribuﬁe& to the knowledge of the dandelion on this
continent, Sheriff (28) has attacked the problem from the
taxonomic viewpoint. In his "North American Species of
Paraxacum®™, the distribution and characteristics of five
gspecies found on this continent are described. The number
of synonyms given for each of the species is large and
the line of demsrcation between the species often slight.
Sears (26) describes the life-history of the dandelion in
some detail. This worker has ettacked the problem from the
viewpoint of taxonomy and ecology combined. He points out
the multiplicity of names used in the early nomenclature
for the species of Taraxacum . This was due to the fact
that meny taxonomists used the leaf as a distinguishing
character, The use of the leaf in determining the species
has been shown by this worker to be unreliable. Other
characters used in distinguishing species of Taraxacum
were the seed, flower color, bract shape and bract color,
fogt of these charscters are inconsistent within one
species and for this reason difficulty in naming the
species has aerisen. Rydberg {25) recognizes only twe

apecies of Taraxacuie
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Little has been written on the life cycle of the
dandelion, or the variations in the plant during the
growing seasom. It is a common experience to Tind dande=-
lions with heavily indenteé& leavesrand some with entire
leaves. Both of these types of lesves may be found on the
same plant. Various opinions ecneerniﬂg the segmentation
of the leaf have besen presented in the literature. Goebel
(12) classes the dandelion with those plants that form two
kinds of leaves, first the entire leaf, and later in the
grewing season, the segmented form. De Varegny quoted by
Morgan (19) attributes the dissection of the leaf to dry
so0il conditions. Frank (6) states that the leaf develop-
ment is basivetal and that the top segment develops first.
Stork (29) found that the seedlings grown from seed from
the same head under identical conditions seemed to have
the same general leaf shape, no matter what the leaf
shape of the parent. \

The determination of the age of dandelion plants has
been attempted by a number of workers. Sears (26) adopted
the method of digging up the plant and determining the
eondition of the root, the number of secondary crowns and
the type of leaf produced by the plant. The method descri-
bed by this worker is indefinite and the results are only
’an approximation, It is well known tbat‘the dsndelion forms
rings in the root&lsimilar to those found in woody perenn-
jals. Roberts (24) has used the method of counting the

number of rings on the primary root and recording them
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as the age of the plant, assuming that one ring is laid
down every year.

The ranid decline in the number of leaves of the
dandelion throughout the growing season has been reportsd
by Longyear (16) and Sears (26). These workers found that
a number of leaves on the dandelion are ragi&ly produced
and just as repidly die to make room for those that follow.

T+t was hoped that the examination of the life-cycle of
the dandelion and the variations in the plant during the
growing season would aid in determining the optimum time

for the eradication of the plante

Present Work - 1935 Cbservations

During the summer of 1935, a few dandelions were examined.

These were dug from & section of land that had lain waste

for a number of years. The growth in the spring begen from
numerous secondary crowns, each of which contained a number
of buds. One of the largest plants examined showed fifteen
secondary crowns. Bach ol these secondary crowns contained

an average of 15+5 buds. A number oi plants from & lawn

were collected during May 1935. The heads were separated

and the number of florets per head counted. The results

of these counts are seen in Table 6.



Table 6.

NUMBER OF FLORETS PER HELD,FOUND IN DANDELION PLANTS-1935.

OQOQ@QOOGO@GOQQQGQO.QO000.000000000000000060009@00@0.0'Dn‘o

: : H FLORETS PER HEAD s :
iHead No.: May 5 : May 161 May 19:May 20 1 Moy 20 L0WE
1 243 329 258 127 165 130 °
;2 i 197 i 302 144 98 i 250 P 182
. 3 i 208 i 147 183 i 156 ¢ 180 : 157
4 o215 i 245 i 222 ¢ 108 285 : 135
5 i .200 i 200 284 i 155 : 220 255
6 i 166 162§ 150 Y : 201 i 154
7 i 205 : 122 : 252 : 109 P 166 215
8 : 158 268 179 99 i 162
39 214 191 %18’? t 128 P 254
i 10 ;158 : 256 182 : 128 t 190
BRI o
IRV B D R
co14 s . po1 : : : :
;eeeeaoee;ooeeeoeiaeoesoazuaeeanaiaeaeeeeo&uaoaoeeaoooooﬁos

Average 196.4 202,35 202,0 124.5 200.6 115.6
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Present Work-1936 Observations

4 collection of dandelion plants was made at weekly

intervals during the growing sesson of 1936, The plants

were examined and the following data recorded,

lo=

o=
Bo=
Le=
Bo=
o=
o=
Bew=
Go=

ige (assuming the rings in the root are leid dowm
one per year,)
Flower Number
Legf Number
Bud Number
Crown Number
Root Size {diameter), 2 and 4 inches bhelow ground level.
Leaf Length (maximum)
Leaf Length (mean)

Number of Side Roots, 0=2 inches below the ground level.

10.-Number of Side Roots, O=4 inches below the ground level,

1lle=Number of Side Roots, 2-4 inches below the ground level,

Determinations were made on 20 plants, taken at random,

from four ecological situstions at weekly intervals where

possible.s The ecological situations are as follows.

1.~ Lawn (short grass, football field) chiefly a mixture

of Xentucky bluegrass and redtop.

2e= Long Grass area- chiefly brome, crested wheat grass

and western rye grass.

Fe= Waste area- This area situated immediatély north

of the Dominion Rust Laboratory, conteined weeds of all

kindse

4o~ Windbresk asrea- The windbreak consisted of spruce and
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ecrabepple trees and was about twenty-five feet wide.

The history of these ecological areas is helpful in
explaining the results found in this study. The windbreak
had& been planted over ten years. The long grass area had
been seeded for at least five years . Previous to this
time potatoes had been on the land. The waste area had
been untouched for at least five years. The lawn, namely
the foothall field, has been under grass for at least
ten years.

In the lawn the dandelions had to compete with a
hesvy turf of bluegrass and redtop. It was found generally
that the plants taken from this areavware small. The dande-
lion plants in the long grass area had to compete both
Tor light and space. The dandslions in the waste ares had
t0 compete with themselves and also & variety of other |

weeds, perennial sow thistle (Sonchus arvensis L.), red

root pigweed ( Ameranthus retroflexus L.), American dragon-

head (Dracocephalum parviflorum Nutt.), annual spurge

(Buphorbia maculata L, ) and wild cranesbill (Geranium

maculatum L. ). The dandelion plants in the windbreak had

to compete chiefly for light, especially when the trees
came into leaf,

The plants were dug with & spade and as much of the
root as possible taken with the planﬁ; The plants wers
brought into the laboratory, where they were cleaned and

the measurements made., In all cases the plants were
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collected and measured the same daye. The method of record-
ing the date is as follows:

Legves:~ A1l of the leaves over one inch were counted, and
211 the dead leaves on the plant discarded. Leaves were cut
from the plant at ground level and their length determined,

Flowers:-The flowers were counted as such when there
were any florets showing through the bracts, and until the
seed had begun to disperse.

Budg:- All buds that could be seen were counted. The buds
varisd in maturity from those with no scape, to those where
the florets were about to break through the bracts,

Root:- The samples of the root taken to determine the
age of the plants were bagged and after the other measure-
ments were completed the roots were examined and the number
of rings counted. In determining the root size, the root
was sectioned at two inch intervals, below the crown, and
the diameter of the cut surface measured. The average root
aize that is reported is the average between the &ize at

the two inch level and the four inch level,

Side Rootas- There were numerous fine roots on the

main tap root of the dandelions, but these were disregarded

end only those side roots over 1/8 inch in diameter counted.
The weather during the growing season is seen in Fig. 2%

A summary of each of the factors coneerned, determined

from the plants from the four ecological positions, was made

for ease of comparison. TheSe are éeen in Figs. 50 to 62.

In Figs. 63 to 76 the measurements taken at weekly intervals

are shown, each figure an average of twenty measured plants.



RESULTS AND DISCUSSION

AGE

In determining the age of the dandelion plants examined,
sections of the root were taken from the main tap rooct and
examined under the microscope. In all of the samples the
sections were taken from about 2 inches below the ground
level, Eigso 50 and 65 show the varistions in the number
of rings, found in the plants from the four ecological
situations., The decayed cortex on the outside of the
dandelion roots was disregaerded in determining the number
of rings presents It may well be that the apparent variations
found in the plant ages betwsen July lst. and July 1l5th.,
from all ecological positions, were largely due to the
shrinking of the outer cortex layer of the root. From
July lst. to the 1Bth. the greatest amount of reserve food
was being used for leaf production. As the root released
its stored food the root shrank and rotted. The data
obtained may be the result of ftaking & predominance of
young plants, which would lower the average age of the
samples, These facts may partially ei@lain the extreme
variations found in the ages of the plants within onse
growing seasoll.

Waste area- Plants from this ares were on an average

1%.9 years old.

Long Gress- Plants from this area averasged 1l4.2 years

of age.
Lawn-( short Brass) Plants from this aree averaged

9.57 years of age.
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Windbreak- Plants from this areg averaged 10.2 years of age. :

The varistions in the number of flowers present on any
day of collection are seen in Figs. 51 and 64. It will be
noticed that there are great variations in the flower number
within the various situations and bhetween the ecological
positionse

Waste- Plants from this erea produced the largest number
of flowers per plant. The seasonal average was 10.18.

Long Grass- Plants from the long grass area produced the

second greatest number of flowers per plant. The seasonal
average being 670,

Windbreak- Plants from the windbreak averaged 1.80
f1owers per plant for the summer. In this situation the
flowering period extended from June 15th. to July 15th,

Lawn ( short grass)- The dandelions in the lawn

produced the smallest number of flowers per plant. The -
seasonal average being 1.59. The peak of flower product-
jon wes reached sbout June ist. and then gradually fell.
The difference in the number of flowers produced in the
lawn and the waste srea may be due to the fact that the
plants in the lawn had smaller roots and fewer crowns.
This fact would reflect the amount of food stored in the
root, and it seems logical to suppose that the greater
the amount of stored food the lerger the flower product-

ion will bes
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LEAF NUMBER

The variations in the leaf number per plant in the
various ecological positions throughout the growing season
are seen in Figs. b2 and 63,

Waste- Plants from this area averaged 80.4 leaves per
plant throughout the summer months, In this case we find a
distinet rise in the leaf number per plant from Masy 15th. %o
June lst. This mey be due to an increase in the temperaturs
or to the fact that the plants from this area have & large
number of secondary crowns. The decline in the leaf number
after June lst. may be due to the fact that the food supply
had been temporarily exhausted. Then, too, the leaves on
the outside of the rosette may have had insufficient light
t0 carry on photosynthesis. The decline in the number of
~leaves per plant may be & question of transpiration, It is
possible that the moisture given off by the leaves excesdsd
that taken in by the root, causing the leaves to wilt. On
May 9th., the average leaf number per plant was 176.45.
Thers was then a distinet rise until & peak was reached om
June 1lst. with an average of 267,056 leaves per plant. A
rapid fall in the average number of leaves was found between
June lst. and June 17th. There was a general decline in the
- number of leaves per plant during the fall.

Long Grass- Plants from this area possessed the largest

average number of leaves per plant. Specimens from this
area were not collected throughout the entire growing

season. The average number of legves per plant over the



period of collectieon was 133,71l In the samples collected
we find g distinet droep from 228.30 leaves per plant on
Kay 1llth. to B3.20 leaves per plant on June 23rd. when
the observations on this ares were stopped.

Windbreak- Plants from this area showed very little
veriations in the leaf number throughout the growing season,.
As there were feﬁer crowns on the plants from this area
there were fewer leaves produced. The vpeak of leaf production
occured about June lst. Though the leaves from this situation
were snall in number, they werse large‘in gize. Heliotropism
caused some of the leaves from this situvation to reach a
length of fifteen inches.

Lawn (short grass)- The number of leaves per plant

collected from this area varied only slightly throughout
the growing season. The number of crowns per plant was
gmall, This is a limiting fa2ctor in the number of leaves
produced. The average number of leaves per plant during

the growing season was ll.6b.

BUD NUMBER

The data presenté&,in Figs., 53 and 71 show the relative
number of buds on the plants from the four ecological
positions. It is seen by a comparison with the flower number
that there is 1little difference in the type of graph obtained,
Not all of the buds present formed flowers. Some of the buds
were found rotting in the axils of the leaves. This was true

of the plants from the waste and the long grass areas only.
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Haste- The average number of buds for the growing season
was 10,08, The peak of bud production appeared to be sbout
June lst. after which there was a rapid decline. After June
15th, the number of buds produeed was exceedingly low.

Long Grass- Plants from this ares averaged 30,03 buds

per plant, for the limited length of time that the collect-
ions were made. The peak of bud production was sbout May
20th. after which there was & rapid decline. After June 15th.
the average was less than five buds per plant.

Windbreak- In this case the number of buds produced
was very small, averaging only .51 per plant throughout
the growing season. The peak of bud production was ahout
June lst. after which there was a rapid decline.

Lawn (short grass)- The seasonal average was only .13

buds per plant. There was no definite péak of bud production
noticed,

The differencés in the yearly average bhetween the
various ecological situations is likely dus to the differ-
ence in the number of secondary crowns. The larger the
number of crowns the greater the number of buds produced.
CROWN NUMBER

Pigures 54 and 66 show the variations in the number of

crowns that were found in the plants examined from the vario-
us ecological situations. The variations found in the waste
and long grsass areas can only be explained by assuming that
in sampling, plants of different ages were collected together,

The large variastions in the plants from the waste area
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may have been due to the previous trgatment of the land.
If this aree had not all received the same treatment, it
would be expscted that those plants that had been damaged
more by cultivation implements would have the largest unumber
of crownse

Waste- The yearly average crown number of the plants
from this area was 6,061,

Long Grass- The plants from this area had the highest

number of crowns per plant for the limited length of time
that the observations were made. The average number of
crowns was 7.18.

Windbreak- Plants from this sarea showed little variation
in the number of crowns over the growing season. The yearly
average was 2.00 crowns per plant.

Lawn (short grass)- Plants from this area had the lowest

yesrly average of crowns of any of the ecological situations
examined. The yearly average was l.60 crowns per plant.

From the results it would seem that the less the
competition and the more disturbed the surface of the soil,
since the establishment of the dandelions, the greater is the

pumber of secondary crowns produced.

ROOT SIZE

The root diameter was measured in two places, two inches
pelow the ground level and four inches below the ground level,
4 third determination is also reported, which is an average
of the twe previous determinations.

The size of the roote ( diameter) varied greatly within
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the aress from which they were collectedo’This was expected
a8 there was a considersble number of young plants as well
as o0ld plants oresent. The older the root the larger was
found the root size. In the six Figs. b5, b6, 57, 73, 74
and 75 there is a great similerity in the shape of the
curves from any oi the four ecological situations.

ligste~ In this case the average diameter of the root
from the 0=4 inch level below the ground was .50 inches.
The variations during the growing season may be due to the
fact that in the sampling more young plants were taken than
old ones.

Long Grasse~ Plants within this area had an average

root diameter Tfor the first four inches below the ground of
64 inches. This determination is for the limited time that
the collections were madee

Windbreak- Plants from the windbreak were considerably
asmaller in root size than the plants in the waste or long
grass areas, The yearly average gize of the roots was .25
inches. This determination is for the first four inches
helow the ground level.

Tewn (short grass)- The roots of the plants in this

area were small, averaging only .22 inches in diameter.

This may hsave been due to the axtreme competition of the

grass sod.
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LEAF LENGTH

In the collection of the &ata; not only the leaf number
was recorded, but the average leef length of the leaves from
the various situations and also the maximum leaf length. The
rasults are i1lustrated graphically in Figs. 61, 62, 67, and
72

Waste- The average leaf length of the plants from this
area was B.15 inches for the growing season of 1935, The
1eaf length reached & peak about July 15th. and then grad-
nally fell until the autumn. The longest leaves averaged
9,40 inches and these were found about July lst.

Long Grass- The average mean leaf length of the plants

from bthis ecological situation was 5.52 inek}ese 4 peak of
leaf length was reached about June 15th. and then there was
a general fzlling off, until the sampling from ‘this field
was discontinued. It was found that the longest leaves werse
produced about June lste

Windbreak- The 1eaves from this area were the longest
of any of the situatidnsiexaminede The average mean leaf
length was 6.07 inches. About July 15the the leaves present
averaged aver ten inches. As there was considerable shading,
resulting from the leaves of the tfeea, heliotropism was
doubtless the reason for this facte

Tawm (short grass)- The average meau leaf length from

thig area was 2.80 jnches. The longest leaves Were produced

about July 10th.
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SIDE ROOT NUMBER

Tn determining the number of side roots, all over 1/8
inch in diameter were counted. All roots besids the main
tap root were classified as gside roots. The side roots werse
counted within the top two inches of the soil,fhen from the
two to four inch level and then a third deternmination was
made which was an average of the results of the previous
two deberminations.

A glance at Figs. 58, 59, 60, 68, 69, and 70 will show
that the number of side roots varied widely within any
ecological situation and greatly between ecological poaitions,
T4 is seen in an examination of the figures above that the
grester number of side roots lie within the 2-4 inch level.

iiaste~ The plants in this area had a yearly average of
5929 side roots per plant within the top 4 inches of aoile
The average number of side roots on any date of collection
varied greatly, indicating that there were other contribut-
‘ing factors beside age.

Long Grass - Plants from this area had a yearly average

of 10.04 side roots within the top four inches of soile Here
again there is a large veriation in the number of gside roots
petween the dates of collectione

Windbreak- The number of «ide rToots in the plants from
the windbreak averaged only 2,%3 Tor all of the plants
examined throughout the growing seasSoll. This average is

for all the roots within the top 4 inches of soil.
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Tewn (short grass)- The number of side roots in this

casae was greatly reduced probably due %0 the thickness of
the grass sod. The yaarly average aumber of roots per plant
was »72. This determination is for the top 4 inches of s0ile
The number of side roots that was found in the samples
from the various escological situations seems to depend on
the previous treatment of the soil. Where there has heen
1ittle disturbence, the number of side roots seems to Dbe
asmaller. The older the plant the greater sesus to be the
number of side roots. This fact is well exemplified in the

case of the plants from the waste areg.
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SUMIARY OF INVESTIGATIONS ON THE ECOLOGY OF TER DANDILICHN

l.- Assuming that the age of the dandelion ean be
determined by the number of rings on the root. great
veriation in the age of the plants from the various
ecologieal situations was found. The average ages in years
of the plants from the long grass area, waste areg,
windbreak and short grass area Were 14,2, 13.3, 10,2 and

9,5 respectively.

2.~ The flower number in all of the plants examined
reached & peak hetween June 1st. and June 15th. The
average number of flowers per plant at this time wvaried
between 65 in The case of the phants from the waste area

and B in the case of the plants from the windbreake

%.- The number of buds present in any of the ecol-
ogical situations varied as did the flower number. In
some cases, especlally in the waste and the long grass

areas, puds were found that were rottinge.

4.~ The number oi crowns thet the dandelion possessed
depended on the competition present, the previous treat-
ment of the soil and the age of the plants. The greatest
number of crowns per plant was found in the waste and the

long grass areésSe



oo 5.~ The root size as measured by the diameter of
the root at the two inch level and the Iour inch level
and then averaging them, showed that the plants from the
windbreak and the short grass areas werse much smaller than
the roots of the plants in the waste and the long grass
sreas. The root size varied with the age of the dandelion
plants.

6.~ The greatest leaf lengtih of the dandelion
plants was reached betwesn June lst. and June 156th. The

longest leaves were found in the windhreak.

7.= The number of side roots in the plants from
the verious locations was in every casse larger in the
92-4 inch level, than in the top two inches of the soil.
Phe number of side roots was lergest in those areas
naving the oldest plants, and the roots with the great-

est diameter within the top four inches.
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Figure 43.- Disgram of Dandelion vlents treated with Gasolene

onn the rosette.



94

Figure 44.~ Disgram of Dandelion plants treated with Gasolene

on the crowne.
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Figure 45, Diagram of Dandelion plants treoted with Fuel Oil’

on the rosette,
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Figure 46.- Dizsgrem of Dandelion pients trested with Fuel 01l

EN

on the crovne.
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Figurel47@w Diagram of Dandelion plents treated with Solvent

on the rosette.
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Figure 48“» Disgram of Dandelion plants treated with Solvent

on the crowne



Figure 49.- Diagram of Dandelion plants receiving no chemical

treatment- Plants cut off at the crown.
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Figure 61.- Summory of voristions of Maximum Leaf Length of
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"Figure 68.- lWeekly variations in Side Root Number ( 0-2 inches below ground level)

of Dandelion plantse
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Figure 69.- Weekly variations in the 3ide Root Number

level) of Dandelion plants.
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Figure 70.- Weékly variations in the Side Root Number ( O-4 inches below ground

) of Dandelion plantse
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Figure 7l.- Weekly variations in the Bud Number of Dandelion plantse




egquerd uoTITepue JO USueT FeeT UBSN oYUl UT SUOTBTLIBA LTeeM -°g4 oxndtd

i o
w”wwmm@ sl LRl i Rl Ll
. m.mem.u.u mwmmwmmgmomw s
<
ad <
2 5
%muu w:
ol NOo LG PN T —— S 0 O R 9
o o Bl B B W LO9
HE NG = O o . obosoayy
Mﬂ% |A| — , %&m%@ﬁwymmogn&%% ‘
v b 9 STANRG-3V0 808838 G
[y 1Y Z
NYAW S HISNET awa . seaganim ¢
- “ NW3W- HLONIT Jw3 1 J
2 — e ‘
=i
| EEsmewwwnrwﬂrww Z
ol fel el el 12l 2l L2l Bl el Ll el I el el BLOB|E ; ::I-:W:
SRR E R R BE LR R IILF
LI S I I A P I I s hd . 0D oo i
omcho}x ¢
U| —
T z
L
O N O B (o B BB NN N RS MDD NN NN
cCS RN MEN e Y N & >O & OCQQW?%?
h,ﬁn.:.w/v IR .7.. 655\..7_. ;7,.-? m L}Q\JO\M\H\/..‘J/W\J;W ¢ nnw_ n/u\a N (SN % o O m& /..W &} 2 (e m% .
,vmgg{ | L) ||
L] i | " |
A\ 9 0
J1gv¥M - SCWY9 LYOHS
NYIW - HLION 3T Aw31 N NYIW - HLON3 T 4w37
: |




< ,
0627  oeis i —
Y2 buss {— |
7o 2o BT - e— .
| 969z ee 1 1N
25 27 eebow — ea |
i Y0227 obew N — g
N (817 erbow N s IR NI
. DY . . ' YY) :
o glz 9bow I — 5 |
; g% L0SZ  other ) — 89 S/, e
i g 9652 9 hop  — g :?6;_‘9 Lisuap ——
! 120¢ Lz sunp {:': A:CZQ k74 ovounp ,::
1200 twer [ 9611w
coPe 1waunp I:: [F £CPea_vehu
czze L — :ngo] T
=70 L
g8 & & R 3 % 3 8§ R 2 g & § R 8 8 g 8 8 e
sPYIUY s3Y>u)
@ !G\\ ® o
© R
forgele] - = s |
069v ; E—:— |
vL9C - EES PIZ  wbs L
1269 - TS Q107 uhs L
. 0799 C— R p LT S—
N LLe9 R N IS0C  ews  []
2 a2 : BRI 2 fora gzbors I::
u:: sloyz : [ 950 LAE cecee prbok [
§3 226y 5 T — NE 0CT7 by —
3 lrev : T — he c7lz oot —]
6 Q,Z'[ I ; Tz aunf S} 996? otk
0 ool : I TR e} oItz ok 1 ]
& T/ — s & B
(2 FgTa : [l 200t amm————
ceec ! iy e O A e —
oY T R— £ce7  ewuop N —
2oy o e
8 & 8 R 8 873 3 & 2 § 8 & = 8 3 3 3 1 =
§‘¢’\170i

Q?k,’.)ul
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