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SYNERGISTIC EFFECTS OF THREE CHEMI S IN
THE TREATMENT CF DORMANT POTA
TUBERS TO HASTEN GERMINATIOM

F. E. DENNY

Previous experiments had shown the effectiveness of the .apor of
ethylene chlorohydrin (CH,CICH;OH) in hastening the germination of
the dormant tubers of potato (Solanum tuberosum L.), and had indicated
that when the intact tubers were to be treated, as distinguished from the
trecatment of cut tubers, the proper amount of chemical to use (2, p. 8)
was 1 cc. of the 40 per cent solution of ethylene chlorohydrin per pound of
potato tubers treated, or about 2.2 cc. of the 40 per cent, or about 0.8 cc.
of the anhydrous chemical per kilogram of tubers.

Thus, the volatilization of about 6o cc. of the 40 per cent solution, or
about 22 cc. of the anhydrous chemical is required per bushel of tubers,
and since the boiling points are rather high, 128.7° C. for the anhydrous and
97.8° C. for the 40 per cent solution, the evaporation is not rapid. Although
these amounts of chemical are volatilized completely during the four-day
period of trecatment, it was considered desirable to determine whether a
portion of the requirement for ethylene chlorohydrin could be substituted
for by means of some other chemical which was more volatile, which woula
produce an effect at lower concentrations, and which was miscible with the
anhydrous ethylene chlorohydrin.

Among the chemicals previously tested and which were consid-
cred as possible adjuvants for chlorohydrin were cthylene dichloride
(CH,CICH.Cl) and carbon tetrachloride (CCly), cach of which was found
to hasten germination of dormant tubers. For use as a volatile insecticide,
Cotton and Roark (1) had recommended a mixturc of these two chemicals
in the proportion of three parts by volume of the dichloride to one part of
the tetrachloride, the advantage being that the vapor of the combination
was non-inflammable and non-explosive. This mixture of the two chemicals
was tested with dormant potato tubers and was found to have a favorable
effect.

The combination of chemicals finally adopted for hastening the germ-
ination of recently-harvested potato tubers in this experiment was one
consisting of seven parts by volume of anhydrous ethylene chlorohydrin,
three parts of ethylene dichloride and vne part of carbon tetrachloride.
As a convenient laboratory name for this mixture, the word ‘“‘rindite,”
obtained by using one syllable from the names of cach of the three com-
ponents, was used.

Copyright, 1945, by Boyce Thompson Institute for Plant Research, Inc.
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The object of the present report is to show the results obtained by treat-
ing dormant potato tubers with various concentrations of “rindite” and
to compare them with the results obtained by treating tubers with various
concentrations of each one of the three components of ‘‘rindite."”

The sprouting responses of the treated tubers showed that the object
originally sought was attained, i.e., the addition of small amounts of the
dichloride and tetrachloride made it possible to reduce the amount of
chlorohydrin needed to produce a favorable result.

The question then arose whether the response obtained with the com-
bined chemical was greater than the sum of the responses obtained by the
three separate components, i.e., whether the effects of the chemicals were
synergistic. The word ‘‘synergism’’ seems to be defined differently by dif-
ferent authors, but the definition that will be used here is the one given in
Webster's Unabridged dictionary (5) and is as follows: ‘‘cooperative action
of discrete agencies such that the total effect is greater than the sum of the
two effects taken independently.”

Two different methods of computation were used in arriving at a meas-
ure of the sum of the effects of the three chemicals, so as to make compari-
sons with the effect of the combined chemical. By both methods there was
obtained evidence that the action of the combined chemical, “rindite,”
was greater than the sum of the effects of the three components and, fur-
thermore, there was some evidence that this was obtained by a sort of
‘‘cooperation’’ among the constituents, thus fulfilling the requirements of
the definition of synergism given above.

The combined chemical gave a result at least as good as could be ob-
tained with the most effective of the three (ethylene chlorohydrin) acting
alone, and at a cost of about one-third for the chemical needed.

MATERIALS AND METHODS

The tubers were grown in the Institute gardens and were harvested
August 7 to 9, 1944. They were sorted into three sizes, the tubers averag-
ing 5, 3, and 2 ounces (approx. 142, 85, and 57 g. respectively), and in
taking samples for the treatments at intervals later the proportion of sizes
shown by this sorting at harvest time was adhered to. In one test (lot G),
a still smaller size was used, i.e. 1.5 ounces (42.5g.).

The treatments were made in one-gallon or two-gallon glazed earthen-
ware jars fitted with covers either of the same material or of glass, a tight
seal being obtained with modeling elay. The tubers in the containers were
covered with a paper towel and on this was spread loosely pieces of cheese-
cloth in which was incorporated the proper amount of chemical as deter-
mined by the weight of tubers in the jar, using enough cloth to prevent
excessive dripping. The containers were then sealed and stored in a room
held at 22.5° C. (72.5° F.), with a deviation of not more than 1° C. at any
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time. At the completion of the treatment, the tubers were stored in paper
bags for two days at room temperature, varying from about 20° to 30° C.
(or 68° to 86° F.), but usually about 25° to 28° C. (77° to 82.4° F.) before
being planted. The treated tubers were then cut into seed-pieces, at least
one piece from each tuber, more than one piece per tuber being needed in
many cases in order to obtain the required number, which was 50 pieces,
for cach lot. The controls, or untreated lots, were merely held in paper bags
adjacent to the treated lots in the storage space, and samples were taken
from these lots in the manner just described.

The seed-pieces were planted in soil in wooden flats, and were examined
at least twice each weck, in order to maintain the proper amount of mois-

TABLE 1

AMOUNT OF EAcH CONSTITUENT TAKEN WHEN VARIOUS AMOUNTS OF THE
CoMBINED CHEMICAL WERE TAKEN

Constituents of “rindite”
Combined chemical RS I
! H ” ’ h o

rindite, Et ykvne. Ethylenc Carbon

cc chlorohydrin, dichlorid hlorid

. anhydrous, ichloride, tetrachloride,
cc. cc. cc.

0.8 0.5001 0.2182 0.0727
0.5 0.3182 0.1364 0.0454
0.3 0.1909Q 0.0818 0.0273
0.2 0.1273 0.0545§ o0.0182

ture and to obtain a count of sprouts. As soon as a sprout of any lot
emerged, it was recorded and discarded. This gave a record of the germina-
tion time for each sprout and permitted the determination of the average
time for emergence of sprouts in cach lot. Treatments showing rotting of
seed-pieces to such an extent that go per cent emergence was not obtained
were recorded as having been unsuccessful.

The amounts of each of the three components which were taken when
various amounts of “rindite’” were used in the treatments are shown in
Table I, tests having shown that no volume change occurred when the
chemicals were mixed.

RESULTS

The average number of days for the emergence of sprouts in each test is
shown in Table II. Both ethylene chlorohydrin and ‘‘rindite’’ were effec-
tive in shortening the germination time and could be applied at a consider-
able range of concentration without producing injury.

Ethylene chlorohydrin was tested in each experiment with the next
highest concentration in the series, i.e., at 1.3 cc. per kg. With lots C and
E, this amount was injurious, and with the other lots the ratios, average
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TABLE 11

ErrFeEcT oF THE CoMBINED CHEMICAL, “RINDITE,” AND EACH OF ITS CONSTITUENT
CHEMICALS UPON THE GERMINATION OF DorMANT PoTaTO TUBERS

Average number of days required for
Av.days| Days Concn. of emergence of sprouts
Lot No. ¢~ germ.| after chemical,
v a,-‘::.it of | harvest cc.({t!:g. Combined | Ethylene | Ethylene | Carbon
ariety | controls tubers chemical: chloro- dichlo- tetra-
“rindite’ hydrin ride chloride
0.8 15.3 12.1 . —_—
A 0.5 11.8 13.1 . *
Irish 50.7 3 0.3 10.8 14.2 34.8 31.8
Cobbler 0.2 14.2 20.2 24.8 —
o.1 _— —_— - 37-3
0.8 21.4 13.4 32.5% —-—
0.5 15.7 17.0 58.3 hd
B 84.0 6 0.3 18.0 23.4 61.0 7.5
Katahdin 0.2 — 23.0 68.1 71.5%
o.1 —_ — 84.5
0.8 16.6 14.2 —_
Cc 52.4 8 0.5 13.5 18.6 31.3 *
Irish 0.3 14.0 30.8 36.8 38.1
Cobbler 0.2 19.0 29.6 44.5 46.8
0.8 24.1 19.9 . —
D o.5 17.9 27.6 43-3 *
Early 70.6 10 0.3 16.9 32.6 42.2 48.4
Ohio 0.2 19.9 47.9 40.9 §0.2
o.1 —_— -— — 60.6
0.8 15.5 12.6 . —_
E 0.5 12.4 19.3 * *
Irish 31.3 15 0.3 12.3 20.3 28.4 24.5
Cobbler 0.2 20.6 20.7 28.4 23.6
0.1 —_— —_ — 31.7
0.8 17.1 13.0 . —_
F 0.5 13.5 13.5 29.0 .
Katahdin | s50.0 16 0.3 12.6 15.6 36.9 .
0.2 12.4 16.3 36.9 31.2
0.1 —_ — — 39.2
G 0.8 12.4 13.4 b 22.8
Irish 46.3 21 0.5 12.1 15.2 28.9 21.2
Cobbler, 0.3 11.8 15.7 28.8 26.7
small size 0.2 — 21.1 — 34-4
0.8 13.6 12.8 . —
H 0.3 12.8 13.4 24.2 18.2
Irish 30.8 21 0.3 12.8 14.1 21.8 23.§
Cobbler 0.2 12.8 18.9 21.1 20.9
0.1 — — — 27.2
K 0.8 13.4 13.4 21.8 ;—8
. 0.5 12. 14. 24.2 18.
Katahdin | 26.1 26 0.3 1z.§ xg.g ig.q 19.0
0.2 13.8 15.7 34.1 19.2
o.1 — — —_— 20.9

' Injury resulted at this concentration.
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days for germination for lots treated with 1.3 cc. +days for 0.8 cc., were
1.12, 1.10, 1.06, 1.00, 0.92, 1.01, and 1.04. The average of these ratios is
1.04. It is likely that the most favorable concentration for ethylene chloro-
hydrin is at 1.0 cc. of the anhydrous chemical per kg. of tubers.

The ethylene dichloride and carbon tetrachloride were much less effec-
tive when applied separately, requiring even at the most favorable concen-
tration usually at least twice as long a period for germination as was ob-
tained with ethylene chlorohydrin or “rindite,” and also were less consist-
ent as to the amount that could be applied without producing injury.
Although the ranges of effectiveness for the dichloride and the tetrachlo-
ride were narrow, small amounts of these chemicals had some effect, and
when they were incorporated into the chlorohydrin to give “rindite,” it is
seen that low concentrations of the combined chemical were quite effective
in hastening germination. Thus, in most cases 0.3 cc. of ‘‘rindite’’ per kg.
of tubers gave as favorable an effect as was obtained with 0.8 cc. of ethy-
lene chlorohydrin, and similarly o.2 cc. of ‘“rindite” was approximately
equal to o.5 cc. of ethylene chlorohydrin.

Now, since as shown in Table I, 0.3 cc. of “‘rindite’’ contained less than
0.2 cc. of chlorohydrin, less than o.1 cc. of dichloride, and less than o.03 cc.
of tetrachloride, and likewise o.2 cc. of ‘‘rindite’’ was equivalent to less
than o.13 cc., o.055 cc., and o.02 cc. respectively of the chlorohydrin,
dichloride, and tetrachloride, the question arose whether the effectiveness
of the combined chemical was greater than could be expected from the
combined effects of these components taken separately, i.e., whether a
synergistic effect was obtained by combining the chemicals.

METHODS OF ESTIMATING THE ADDITIVE EFFECTS OF
SEPARATE COMPONENTS

Whether the effect of a chemical prepared by combining three chemicals
is greater than the combined effects of the three chemicals each acting sepa-
rately will depend, of course, on how the addition of the separate effects
can be made. The attempt here made is based on the additive effects,
either as read from curves showing the relation between the amount of each
chemical and the effect produced by that amount, or as computed from
algebraic equations fitted to the observed points.

This may be done from two different points of view: 1. By determining
the effect of each amount of chemical separately, as though the given
amount of each component was acting from the point of zero chemical on
curve. This would be the maximum effect that such amounts of chemical
could exert, since all of the curves were changing relatively most rapidly
when small amounts of chemical were added. The sum of gains due to the
three components taken separately was compared with that obtained with
the corresponding amount of the combined chemical. This method of add-
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ing the separate effects is called the “independent summation’’ method. 2.
By computing the change progressively on each curve as larger and larger
amounts of chemical were added. Thus, the amount of tetrachloride added
was observed in a given case to produce a certain gain in the time of sprout-
ing; from this point on the tetrachloride curve a transfer was made to the
equivalent point on the dichloride curve, and the quantity of dichloride
corresponding to this point was noted by reference to the base line; to this
amount was added the amount of dichloride present in the portion of the
combined chemical added in that particular test as shown in Table I; from
the sum of these two the additional gain due to the added amount of di-
chloride could be read from the curve. Again transferring from the di-
chloride curve to the chlorohydrin curve, the gain due to the additional
amount of chlorohydrin could be computed in the same way. The sum of
these three contributions made successively on the curves from point to
point indicates the additive effect of the three separate components, and
this is compared with the gain due to the given amount of the combined
chemical. This method of computing is called the ‘“‘consecutive summa-
tion’’ method. The order in which the chemicals are taken in obtaining the
consecutive summations was of some importance, and in this report the
order chosen for reporting is that order in which the largest value was ob-
tained for the summation of the three individual components. Ethylene
chlorohydrin could not be used as a starting component because its con-
tribution, even with the smallest amount, brought its curve down to a
point below either one or both of the other chemicals, making impossible a
transfer from this point on its curve to cquivalent points on the other
curves.

The description of the methods thus far refers to the procedure when
graphs only are available. The same procedure is applicable also when
equations for the curves are used. In such a case the various points on the
curve are located quite accurately by substituting the proper values in
each of the equations.

COMPUTATIONS MADE BY INTERPOLATING ON GRAPHS

The data for each of the four chemicals in cach of the nine lots in Table
I1 were plotted on cross-section paper, using large sheets, 22"X17",
graduated to tenths of an inch, adjusting the values of the base line show-
ing cc. of chemical, and those of the ordinates showing days required for
germination, so as to spread the curves over the area of the paper. Curves
were drawn to pass through these points as nearly as could be estimated
using large-size French curves.

Interpolations on these curves were made to determine the gain in
germination time due to the combined chemical, “‘rindite,’”’ and due to each
of the separate constituents by both the “independent summation’ and
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“consccutive summation’ methods. The sum of the gains due to the individ-
ual chemicals was compared to the gain due to the combined chemical
and the results are shown in Table 1.

To illustrate how the summations were made we may take the results
due to 0.2 cc. of “rindite” in the test with lot A in Table II. From Table 1
it is seen that in adding o.2 cc. of “rindite” per kg. of tubers there are added

TABLE 111

A CoMPARISON OF DAYS GAINED IN RATE OF GERMINATION OF DORMANT PotaTOo TUBERS
BY TrEATMENT WITH THE COMBINED CHEMICAL, “RINDITE,” AND WITH THE
SEPARATE COMPONENTS, ETHYLENE CHLOROHYDRIN, ETHYLLNE
DicuLoRIDE, AND CARBON TETRACHLORIDE

When o.2 ce. of combined chemical When 0.3 cc. of combined chemical
("rmditc") was used (*‘rindite”) was used
]).1) S gane d by treatment Days gained by treatment
Lot C lnd(-pcndcnt Consecutive C Independent Consccutive
No. | M| summations summations OM- 1 cymmations summations
bined |__ " 7 T | bined _
Cilz}'.\,;]- Sepa- Sepa- | “2:3“ Sepa- Sepa-
e | rate . rate . Pl rate . rate .
rin- | chem- Diff. | hem-|  Diff. rin- | chem- Diff. | hem-| Diff.
dite™ Hieals icals dite” | jeals icals
A 36.5 | 32.6 E+ 30 28.2 [+ 8.3 39.9 | 43.6 |[— 3.7 35.2 |+ 4.7
B 51.0 | 40.5 |+ 1.5 47.0 |+ 4.0 66.0 | 57.5 |+ 8.5 55.0 |+11.0
C 33.4 | 16.2 |4+17.2 16.5 |4+16.9 38.4 | 21.6 |[+16.8 21.9 {4+16.5
D 50.7 | 290.8 |4+20 ¢ 28.1 |+22.06 53.7 | 43.0 |+10.7 37.0 |[4+19.1
< 10.7 | 10.1 {4+ 0.6 9.8 i+ o.9 19.0 | 12.6 |+ 6.4 11.3 {4+ 7.7
¥ 370 34.6 |+ 3.0 30.5 |4+ 7.1 37-4 | 41.4 ,— 4.0 34.0 |+ 3.4
G 30.8 | 206.3 |+ 4.5 23.0 |4+ 7.8 | 34.5 | 34.6 |— o.1 28.8 |+ 5.7
H 18,0 12.1 |+ 5 9 12.8 |+ 5.2 18.0| 17 6 |+ 0.4 16 5 |+ 1.5
K 12.3 8.0 i+ 4.3 7.7 |+ 4.6 13.8 1 11.2 [+ 2.0 10.3 |+ 3.5
Avvragc + 0.87 + 8.60 + 4.17 + 8.12
SE. 2.370 2.285 2.320 2.0356
B 2 2.809 3.763 1.793 3.950
Sign. at .o5 level + + - +
“ “ o1 “ - + - +

1
|
1

Note: Values in column 4 are (olumn 2 minus (olumn 3;in (olumn 0, colunm 2 minus
column 5; in column g, column 7 minus column 8; and in column 11, ¢ olumn 7 minus column
10.

the following amounts of the scparate components (to the nearest decimals
suitable for reading from the graph): o.13 cc. of chlorohydrin, o.055 cc. of
dichloride, and o.02 cc. of carbon tetrachloride. The ordinate correspond-
ing to o.13 cc. of chlorohydrin was 28.0 days and the gain due to that
amount of chlorohydrin was 50.7 —28.0=122.7 days. The ordinate corre-
sponding to o.055 cc. of dichloride was 44.0 days and the gain due to that
amount of dichloride was 50.7 — 44.0=6.7 days. The ordinate for o.02 cc.
of carbon tetrachloride was 47.5 days and the gain was 50.7—47.5=3.2
days. The sum of the gains due to the chemicals taken separately was 22.7
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+6.7+ 3.2 = 32.6 days. The gain duc to the combined chemical, “rindite,”
was §0.7—14.2=36.5. This result is by the “independent summation”
method and the values are shown in Table 111, line 1. The computation
by the‘‘consecutive summation’ method is as follows. The gain due to .02
cc. of carbon tetrachloride was 50.7—47.5=3.2 days. The base line value
corresponding to 47.5 days on the dichloride curve was o.022 cc., and since
0.055 cc. of dichloride was added in the o.2 cc. of “‘rindite’” we nced to find
the ordinate on the dichloride curve corresponding to 0.077 cc., which was
found to be 40.5 days, and the gain due to the dichloride added was 47.5—
40.5=17.0 days. The base linc value corresponding to g0.5 days on the chlo-
rohydrin curve was 0.048 cc., and since o0.13 cc. of chlorohydrin was added
in the o.2 cc. of ‘‘rindite,” we need to find the ordinate corresponding to
0.178 on the chlorohydrin curve, which was 22.5 days, and the gain due to
the added chlorohydrin is 40.5—22.5=18.0 days. The sum of the gains
contributed by tetrachloride, dichloride, and chlorohydrin was 3.2+ 7.0+
18.0=128.2 days. The gain due to o.2 cc. of “rindite’” was 50.7—14.2=
36.5 days. These entries are found in Table 111, line 1, under the entry
consccutive summations.

In like manner were computed the other values in Table 111 for both
o.2 cc. and o.3 cc. of “rindite.” The difference between the days gained by
the combined chemical, “rindite,”” and the sums of the days gained by the
separate components are shown in columns 4, 6, 9, and 11 in Table III.
The S.E. values in Table I1I were computed by Student’s method (4, p
22), and the significance of the ¢ values obtained by dividing the average
difference by the S.E. values was obtained by reference to the ¢ table
(4, p- 248). When the comparison is made on the basis of the effect of o.2
cc. of “rindite” per kg. of tubers the evidence is good that the effect of the
combined chemical was greater than the sum of the component effects,
whether the summation was made on the independent or the consecutive
basis of computing. By the consccutive summation method the odds were
more than g9 to 1. When the amount of “rindite”” employed was 0.3 cc.
per kg. of tubers the consecutive summation method also showed high
odds in favor of the combined chemical, but by the independent summation
method the difference does not reach the o.o5 level, the odds being in this
casc about 8 to 1.

COMPUTATIONS MADE ON EQUATIONS FITTED TO THE CURVES

Including All Lots, A to K Inclusive

In order to avoid the uncertainties involved in graphical interpolation
from more or less free-hand curves the attempt was made to find equations
which would satisfactorily represent the relation between the amount of
the chemical used and the sprouting response obtained. To have found such
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cquations for cach of the 36 curves needed to represent the data in Table
IT would have required an excessive and probably unjustified amount of
work. Therefore, a method of combining the values for all of the different
lots in ‘T'able 11 into four sets of values, one set for each of the four chemi-
cals, was used. To do this each value in the body of Table I1 was expressed
as the percentage of the corresponding control value for that lot as shown
by the value in column 2 of Table 1I. These percentages were then aver-
aged (omitting the relatively few values obtained for 0.8 cc. of dichloride,
and 0.8 and o.5 cc. of tetrachloride). From seven to nine values were thus

TABLE IV

DATA IN THE Bopy OF TABLE I1 EXPRESSED AS A PER CiNT OF THE CORRESPONDING
CoNTROL LOT, AND AVERAGED FOR ALL LoTs

N S TIT) Ethylene Ethylene Carbon
chomcal, |__ | chlorohydrin | dichlorde | tetrachloride
co/kg | Obs, | Caled. | Obs. | Caled. | Obs. | Caled. | Obs. | Caled.
0.8 37-5 37-3 31.5 31.8 — — - —
0.5 31.0 30.9 37.9 37.8 0g.0 69.5 — -
0.3 30.2 30.2 44.7 44.3 73.7 72.0 69.6 69.06
0.2 37-9 38.3 5t.0 51.8 75.0 75-5 74.7 74.7
o.1 —— —_ —- —_— — — 80.6 86.6

Note: Obs. means values obtained by averaging the observed percentages, and caled.
means values obtained by substitution in the equations shown in the text.

available for obtaining cach average for cach concentration of each chemi-
cal. The observed averages are shown in Table 1V, columns 2, 4, 6, and 8.
Each average value was based on the germination counts of 315 to 430
potato-tuber cuttings.

These are the basic data from which the graph in Figure 1 was prepared.
The empirical equation used for all of the chemiculs except carbon tetra-
chloride was of the form: 1000x + (y — 100) =a +bx +cx*+dx*, where x is the
concentration of the chemical expressed as cc. per kg. of tubers, ¥ is the per
cent of the control value (which was 100), and a, b, ¢, and d were constants
which had to be determined from the data. For carbon tetrachloride a more
suitable equation was of the form: y=a+bx+cx?+dx®. The following
equations were found to give a satisfactory fit:

For “rindite’": 1000x + (y—100) = — 2.219— 0.838x — 23.3x? 4 9.8 747
For chlorohydrin: 1000x+ (y—100)= — 2.105 —8.23x — 11.54x%+8.5%%
For dichloride: 1000% + (Y —100) = — 4.424 — 15.14% — 18.90x2+4 2.2 7x*
For tetrachloride: y=100—123.8x — 1gox? 4 88 3x*

The curve in Figure 1 was drawn by computing the points for o.1, 0.2,
0.3, etc. for each chemical, and the experimentally observed average values
were plotted at the appropriate points on this curve.
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When o.2 ce. of “rindite” was used per kg. of tubers the x value for
computing from the above equations was o.2, and the corresponding x
values for chlorohydrin, dichloride and tetrachloride are found in line 4 in
the body of Table I. Substitution in the equations gave the percentage
values corresponding to each of these amounts, and the gain due to each
chemical was found by subtraction from the control value of 100. Apply-
ing the independent summation method as previously described for the

100 T T T T T T 1

O Ethylene dichloride
90 ® Carbon tetrachloride
@ Ethylene chiorohydrin
o "Rindite"

~
o
T

D
(o]
]

o
o
T

»
o
T

GERMINATION-TIME, AS PER CENT OF CONTROL
3
T

0 0.l 0.2 0.3 ‘04 05 06 o7 0.8
CC. PER KG. OF TUBERS

Ficure 1. Germination-time values for each of the entries in Table 11 expressed as a
percentage of the corresponding control value for each lot of tubers and then averaged for
each concentration of each chemical. Each otted point was the average obtained from the
germination counts of 315 to 450 potato-tuber cuttings. Plotted points obtained from ob-
served germinations, curves from empirical equations fitted to these points.

free-hand curves, the sum of the gains dupe to the three chemicals consid-
ered scparately was 50.9, while that due to the combined chemical was
61.9, these values being in units of the plotting scale in Figure 1.

With computations by the consecutive summation method previously
described, the transfer from one curve to another at the same level of or-
dinates is not as easy with the cquations as with the graphs, because one
needs to know the value of x for a given value of y. However, by finding the
approximate x value from the curve and substituting one or two values on
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cither side of this point and then interpolating, a suitable x value was
found and the fact that this was so was verified by substituting in the
equation. When the values for “rindite’” at o.2 cc. per kg. were computed
by the consccutive summation method, the value corresponding to the
sum of the gains due to the three components was 43.7, and that due to
“rindite” was 61.9.

When o.3 ce. of “rindite’” was used per kg. of tubers the amounts of the
three component chemicals used are shown in line 3 in the body of Table
[. Computations by the independent summation method showed that the
sum of the gains due to the three components was 63.9, and that due to
“rindite” was 6¢9.8, and by the consecutive summation method the corre-
sponding values are for the sum of the three components, s1.9, and for
“rindite,” 69.8.

Including Only Lots C, D, G, I, and K

There were some missing entries in Table I, and so the averages in
Table 1V, and the curves in Figure 1, although based on nearly the same

TABLE V

Data Frov Lors C, D, G, H, AND K IN TasLe 11, EXPRESSED As A PRrR CENT OF THE
CORRESPONDING CONTROL LOT, AND AVERAGED FOR ALL LOTS

. TSI Ethylene Ethylene Carbon
chomcat, || SIT | chlorohydein | dichloride | ttrachlonde_
ce./kg. Obs. ’ Caled. Obs. l Caled. Obs. Caled. Obs. I Caled.
0.8 39 0 ’ 40.0 | 35.4 | 355 — - — —
0.5 33.0 32.0 41.2 40.4 71.2 vL.2 - —_
0.3 33-2 | 32.5 49.0 49.0 72.0 72 © 69 O 00.3
0.2 30.8 ‘ 30 O 58 4 58.3 —— —_ 75.2 1 75.2

number of total entries in cach case are not exactly balanced as to the
number of entries from the different lots of tubers. In order to put the
entries in balance by obtaining comparable representation from each lot
of tubers, a new table was prepared in which the data of only lots C, D, G,
H, and K were used. By using the values for 0.8, o.5, 0.3, and o.2 cc. for
“rindite’’ and ethylene chlorohydrin, o.5 and 0.3 cc. for ethylene dichloride,
and 0.3 and o.2 cc. for carbon tetrachloride, a complete table without any
missing spaces was obtained, 5 entries being available for cach of the 12
columns available. A new set of averages for the different concentrations
of the four chemicals was obtained and the result is shown in Table V,
columns 2, 4, 6, and 8. Curves were plotted, and while they are not shown
here, they resembled those in Figure 1, not only in shape but also as to the
numerical values of the observed points.
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A ncew set of empirical equations was computed, and they are as follows:

For “rindite’: 1000% + (y—100) = — 1.44 — 7.641% — 7.374%*— 2.067x3
For chlorohydrin: 1ooox+ (y—100)= — 2.592 — 10.74% — 1.4x%>— 0.63x?
For dichloride: 1000x + (¥ —100) = — 3.886 — 33.6x — y0x* — 113.4%%
For tetrachloride: y=100—75.34% — 550x%4 153 3%°

The calculated values are shown in Table V, columns 3, 5, 7, and 9.

These also were computed by both the independent summation and
consecutive summation methods to determine the sum of the gains by the
three components of “‘rindite’” and those due to “‘rindite’” alone. The results
were as follows: By the independent summation method, with o.2 cc. of
“rindite” per kg., the gain was 61.0 units and the sum of gains due to the
three components was 44.2 units; the corresponding values by the con-
secutive summation method were: ‘rindite,”” 61.0, and the sum of the
three, 37.5. With 0.3 cc. of “rindite,” the independent summation showed
“rindite,” 67.5, the sum of the three, 56.3; the consecutive summation
method showed ‘“‘rindite,” 67.5, the sum of the three, 46.2

POSSIBLE CAUSE OF THE SYNERGISTIC EFFECT

Table 11 and Figure 1 show not only that the range of concentration for
ethylene dichloride and carbon tetrachloride was relatively narrow, but
that ecven when the most favorable concentration was found, ncither of
these chemicals acting alone was able to produce a satisfactory gain, this
being generally less than 5o per cent of the gain shown by favorable
amounts of ethylene chlorohydrin or ‘‘rindite,” and, as the computations
show, small amounts of these two chemicals acting alone had little effect.
Yet when these small amounts were added to ethylene chlorohydrin they
appeared to exert considerable effect in improving the action of the chloro-
hydrin.

The two chemicals, ethylene dichloride and carbon tetrachloride, were
selected at the start of the experiment as possible adjuvants for ethylene
chlorohydrin because of the favorable results that had been obtained with
them in previous experiments, but these had been carried out mainly not
with intact tubers as in the present experiments, but with tubers cut into
pieces before treatment. As soon as the disappointing effect in the present
tests of the dichloride and tetrachloride acting alone on whole tubers was
noted, time was available for three separate tests of these two chemicals
with cut tubers in comparison with chlorohydrin and ‘“rindite” on the
same stock of cut tubers. In these tests with cut tubers the ratios of the
days gained by favorable concentrations of dichloride and tetrachloride
to the average days gained by chlorohydrin and “rindite’” were for ethy-
lene dichloride: o.71, 0.85, and 0.64, and for carbon tetrachloride: o.85,
0.90, and o.69, indicating that under these conditions the dichloride and
tetrachloride were about 75 per cent as effective as chlorohydrin and
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“rindite.”” This indicates that when the tissuc was opened up so that the
dichloride and tetrachloride could enter, their effect was increased, and
suggests that in the treatment of the intact tuber there was insufficient
penetration by these two chemicals.

Possibly, then, one of the functions of the chlorohydrin in the mixture
called “rindite” is to increase the permeability of the potato, and facilitate
the entrance of the dichloride and tetrachloride. If this is the case then it is
not the function of the dichloride and tetrachloride to improve the chloro-
hydrin as mentioned in the second preceding paragraph, but rather it is
the function of the chlorohydrin to improve the action of the dichloride
and tetrachloride.

This would also be in conformity to the phrase “cooperative action”” in
the definition of synergism previously quoted, the cooperation being on the
basis that the chlorohydrin facilitated the entrance of the dichloride and
tetrachloride, and that thesc then produced an effect in addition to that of
the chlorohydrin already present.

That the treatment of potato tubers with ethylene chlorohydrin does
increase the permeability of the tissue is indicated by the results of Guthrie
(3), who found that the conductivity of the tissuc and the rate of leaching
of electrolytes was increased by the treatment with ethylene chlorohydrin.

COMPARATIVE COSTS FOR CHEMICALS

The experiments showed that small amounts of ethylene dichloride and
carbon tetrachloride could be substituted successfully for a part of the re-
quirement for ethylene chlorohydrin. Since at present prices the dichloride
and tetrachloride are less expensive than chlorohydrin, the cost for the
combined chemical is found to be much less than that for chlorohvdrin
alone. On the basis that o.4 cc. of “rindite” is equivalent to 0.8 cc. of ethy-
lene chlorohydrin (per kg. of tubers), whieh according to Figure 1 would
be a conservative estimate, the cost of the chemicals needed to treat 100
pounds of tubers can be computed. Assuming that the approximate prices
are: ethylene chlorohydrin (anhydrous), $1.00 per pound; ethylene dichlo-
ride, 8.42 cents per pound; carbon tetrachloride, 73 cents per gallon; and
on the basis that the specific gravities of the liquids listed in the above
order are: 1.203, 1.2455, and 1.595, the costs of the chemicals for treating
100 pounds of tubers are: ethylene chlorohydrin alone, 9.57 cents, the comi.-
bined chemicals as “rindite,”’ 3.20 cents.

SUMMARY

Although ethylene dichloride (CH,CICH,C1) and carbon tetrachloride
(CCl,) are much less effective than ethylene chlorohydrin (CH,CICH,OH)
in hastening the germination of dormant potato (Solanum tuberosum 1..)
tubers they produce an effect at a much lower concentration. An effective
combination of these three chemicals was obtained by mixing seven parts
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by volume of ethylene chlorohydrin, three parts of ethylene dichloride and
one part of carbon tctrachloride. The combined chemical was given the
name ‘‘rindite,”” a word formed by taking one syllable from each of the
constituents.

Potato tubers of three different varieties, two sizes, and at intervals
after harvest were treated with varying concentrations of ‘‘rindite” and
of each of the three constituents separately, and the average time required
for the emergence of sprouts for each chemical in each lot was noted.

Graphs were prepared showing the relation between the amount of each
chemical used and the germination response. Since there was no volume
change on mixing the three components the amount of each component
which was taken when a given amount of “rindite’’ was used could be cal-
culated. Interpolations on the graphs demonstrated that the gain in ger-
mination time due to ‘rindite’’ was greater than the sum of the gains duce to
the action of the separate components. Two different methods of obtaining
the sum of the eflfects of the separate components were used.

Data from the nine different tests were combined by expressing cach
germination time as a per cent of the control for that test, and averaging
the results for each chemical. An empirical equation, which allowed com-
puting the average germination time for each of the concentrations of
chemical, was obtained. Gains due to ‘‘rindite’”” and to cach of the three
components as calculated from thesc equations showed a greater gain with
the amount of “rindite” used than that due to the sum of the gains ob-
tained with the corresponding amounts of the three separate components.

There was obtained some evidence that this extra gain due to “‘rindite”
over that expected from the effect of the components taken separately
may be due to an cffect of ethylene chlorohydrin in increasing the perme-
ability of the intact tubers to ethylene dichloride and carbon tetrachloride.

If the definition of synergism given in the dictionary as ‘“‘cooperative
action of discrete agencies such that the total effect is greater than the
sum of the two effects taken independently’ is accepted, the results of the
experiments, as a whole, support the view that synergistic effects with these
chemicals were obtained.
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FURTHER TESTS OF THE USE OF THE METHYL
ESTER OF ALPHA-NAPHTHALENEACETIC
ACID FOR INHIBITING THE SPROUTING

OF POTATO TUBERS

F. E. DENNY

Previous experiments (1, 2) have shown the effectiveness of the vapor
of the methyl ester of alpha-naphthalencacetic acid (Cy0H;CH.COOCH3;)
in inhibiting the sprouting of the tubers of the potato (Solanum tuberosum
L.), either at constant storage temperatures of 10°, 15°, 18° and 22° C.
(50° 59° 64.4° and 71.6° F.), or in ventilated storage at a temperature
which changed gradually from autumn through winter to spring within
the range of the above series of temperatures.

The temperature of storage of potato tubers is important for determin-
ing their culinary quality, since it determines their reducing sugar content,
and this in turn determines the color of the product when the tissue is
cooked by frying (3). If the temperature is sufficiently low to prevent
sprouting, say 5° to 6° C. (41° to 42.8° F.), an undesirable amount of re-
ducing sugar accumulates, but if it is as high as 15° C. (59° F.) a consider-
able loss occurs by sprouting. This sprouting is, of course, prevented by
the treatment with the methyl ester of alpha-naphthaleneacetic acid, but
previous tests (2, p. 253) showed that at 15° C. there was some shrinkage
of tubers due to moisture loss even though no sprouts developed, and at
10° C. (50° F.) somce of the varieties showed considerable amounts of re-
ducing sugar, although on prolonged storage the sugar content was re-
duced to low values (3, p. 299).

These results indicated that the most suitable storage temperature to
avoid reducing sugar accumulation due to low temperature, and at the
same time to avoid shrinkage due to high temperature, was in the range
10° to 15° C. (50° to 50° F.). The mid-point at 12.5° C. (54.5° F.) was se-
lected for these experiments, and the object was to determine whether
potato tubers stored over-winter at this temperature in the presence of the
methyl ester of alpha-naphthaleneacetic acid would fail to sprout or shrink,
and would furnish in the spring a stock of tubers with low reducing sugar
content from which potato chips with a desirable color (3, p. 297) could be
made.

The previous experiments on the use of different media as carriers in
which to incorporate the methyl ester had suggested the usc of shredded
paper in the form of ribbon-like strips (1, p. 394). Later experiments

Copyright, 1945, by Boyce Thompson Institute for Plant Research, Inc.
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showed that good distribution of vapor among the tubers undergoing
treatment was obtained in this way. The present experiments deal with
the question as to the amount of paper needed in proportion to the weight
of tubers treated.

By the use of talcum powder as a carrier (1, p. 393), it was found that
amounts of the methyl ester as low as 25 mg. per kg. of tubers were effec-
tive. Tubers treated with talcum, however, are rather unsightly, and in the
present experiments garden soil was tried as a substitute for talcum.

The results have shown in general that: 1. at a temperature of 12.5° C.
(54.5° F.) tubers were stored from October 19 and 20 until April 2 without
occurrence of sprouting and without undue shrinkage by loss of moisture,
and that such tubers contained only traces of reducing sugar and furnished
potato chips of good color; 2. the amount of shredded paper in which the
methyl ester is incorporated need not be greater than one-sixteenth pound
per bushel of tubers; 3. the chemical may be incorporated into either tal-
cum or garden soil and applied as a dust, but that the amount of chemical
may not be reduced much below 25 mg. of the methyl ester per kg. of tubers.

RESULTS
TREATMENT OF TUBERS IN GLAZED EARTHENWARE JARS

Chemical incorporated into paper. Tubers of the varicties Warba,
Green Mountain, Irish Cobbler, and Katahdin were used in this experi-
ment and were stored in two-gallon earthenware jars, nine pounds of
tubers per jar, three jars for each trcatment. The chemical was incorpo-
rated into shredded newspaper in the form of ribbon-like strips approxi-
mately o.25 inch wide, 17 grams of paper being used per jar (approximately
o.25 Ib. of paper per bushel of tubers). The required amount of the chem-
ical, methyl ester of alpha-naphthaleneacetic acid, was dissolved in ace-
tone which was then distributed evenly throughout the paper by means of
a pipette, there being several successive applications at intervals, with re-
arrangement of the paper after each application. The amount of the
methyl cster was varied so as to furnish the chemical in the graded series:
100 mg., 50 mg., and 25 mg. per kg. of the tubers to be treated. The control
lots received a similar amount of paper and acetone, and were handled in
the same way except that no chemical was dissolved in the acctone. After
the acetone had evaporated, the shredded paper was distributed evenly
among the tubers, and the jar was covered with wrapping paper in which
five holes were punched with a pencil. All lots were stored in a constant
temperature room maintained at 12.5° C. (54.5° F.).

The storage was started October 19, 1944, and was ended April 2,
1945. The results with the varieties Irish Cobbler and Warba are shown in
Figure 1 A and B, and the results with Green Mountain and Katahdin



19451 DENNY—METHYL ESTER OF ALPHA-NAPHTHALENEACETIC ACID 17

(not shown here) were similar. The treatments with 100 mg. of methyl
ester per kg. of tubers inhibited sprout development almost completely,
there being only a few of the tubers showing any sprouts, and these being
only 2 to 3 mm. long. The lots treated with so mg. of methyl ester per kg.
of tubers showed small sprouts on ncarly all of the tubers, but it is not be-
lieved that this amount of sprout development should be regarded as ex-
]ccssivo. Lots receiving only 25 mg. per kg. showed sprouts up to 2 inches
ong.

Ficure 1. Inhibition of sprouting of potato tubers by methyl ester of a-naphthalence-
acetic acid, Storage temperature, 12.5° C. (54.5° F.) starting Oct. 19 and 20, 1944, cnding
April 2, 1945. A and B, treated with methyl ester incorporated into shredded paper; C,
treated with methyl ester incorporated into garden soil and applied as a dust. Concentrations
of methyl ester were: left to right in .\ and B, 100 mg. per kg of tubers, so mg., 25 mg.,
control; left to right in C, 45 mg. per kg. of tubers, 15 mg., 5 mg., control. Varieties: A, Irish
Cobbler; B, Warba; C, Katahdin.

The photographs do not show adequately the firmness of the tubers,
but the tubers were examined for this characteristic, and it may be stated
that all lots recciving either 100 mg. or so mg. of methyl ester per kg. of
tubers were in good condition. There were small differences among the
varicties, and the firmness was in the order Irish Cobbler, Green Mountain,
Katahdin, and Warba, the Warba tubers being the least irm. Probably
potato tubers should not be less firm than the Warba tubers in this test.
This indicates that for over-winter storage the temperature should not be
much higher than 12.5° C. (54.5° F.), although of coursc the type of con-
tainer, bulk of the product, humidity of the air, amount of ventilation,
cte., would be important factors in practice.
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Chemical incorporated into powder. Tubers of the varieties Irish Cobbler
and Katahdin were used in this test. Both talcum powder and soil were
used as carriers. The soil was air-dry garden soil powdered to pass through
a 6o-mesh sicve. The amount of powder (either talcum or soil) used was
adjusted on the basis that, as shown by a preliminary test, 1.65 g. of
powder adhered to ecach kg. of potato tubers when the powder was applied
by hand to cach tuber, by rubbing the tuber and then tapping it lightly.
The required amount of methyl ester was dissolved in acetone and the
acctone solution was added to the powder. After the evaporation of the
solvent, the powder was dried thoroughly and grcund with a mortar and
pestle. The amount of methyl ester was adjusted to give the series: 45 mg.,
15 mg., and § mg. of the chemical per kg. of tubers treated. The control
tubers were handled in the same way except that the acctone applied to
the powder contained no methyl ester. The dusted tubers were placed in
two-gallon earthenware jars, two jars per lot, and were covered with paper
in which five holes were punched with a pencil. All lots were stored at 12.5°
C. (54.5° F.) from October 20, 1944 to April 2, 1945.

Figure 1 C shows the results with the Katahdin variety treated with
methyl ester incorporated into soil and the results with Irish Cobbler were
similar in all respects. Also, the lots treated with the methyl ester incor-
porated into talcum powder were quite similar to those shown for garden
soil, although of course they were white in color, due to the presence of the
talcum.

Tubers treated with 45 mg. of methyl ester per kg. were in firm condi-
tion and without sprouts. The amount of sprouting and shrinkage of the
tubers increased with the decrcase in the amount of methyl ester used.
The lots receiving 15 mg. per kg. were below the limits both from the stand-
point of sprouting and firmness. Probably the lower limit with treatments
with either talcum or soil as carriers is 25 mg. of methyl ester per kg. of
tubers, which is the amount found satisfactory in the previous experiment
(1, p. 394).

TREATMENT OF TUBERS IN WOODEN BOXES

The object of this test was to obtain data on the amount of shredded
paper treated with the methyl ester of alpha-naphthaleneacetic acid needed
in proportion to the amount of potato tubers trcated. The amount of
methyl ester used was the same for each lot, i.c., 100 mg. of methyl ester
per kg. of tubers, but this amount was incorporated into different amounts
of shredded paper to give the serics one-fourth, one-cighth, and one-six-
teenth pound of paper per bushel of potato tubers. The storage containers
used were wooden boxes, of a size to contain 60 1b. for tubers of the varicty
Irish Cobbler, and 36 1b. for those of Katahdin. The boxes were lined with
paper on all sides, and were covered with wooden slats. The required
amount of shredded paper to give the proportions indicated above were
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distributed evenly among the tubers, These containers were placed in the
storage room at 12.5° C. (54.5° F.) on October 20, 1944, and the experi-
ment was discontinued April 2, 1943.

There was definitely more sprouting among the lots in these containers
than in those stored in the earthenware jars. Probably the volume of tubers
was too small for preventing dissipation of the vapor through the paper and
wooden walls. However, the conditions should be sufficient to furnish com-
parisons as to the cffectiveness of different amounts of paper. At the end of
the storage period, the sprouts were removed from all tubers and were
weighed. The results are shown in Table I. The experiment failed to show
definitely the lower limits of the quantity of paper needed, the results with
one-sixteenth pound of paper per bushel of tubers not differing significantly
from those in which one-fourth pound was used. The amount of sprouting
was not sufficiently large to cause serious shrinkage of the tubers, the tu-
bers of the treated lots being in a satisfactory condition as to firmness.

TABLE 1

EFFECT OF AMOUNT OF SHREDDED PAPER IMPREGNATED WITH METRYL ESTER OF
ALPHA-NAPHTHALENEACLTIC ACTD UskD IN TREATING PoTATO TUBLRS

Amount of shredded | Amount of methyl ‘ ““EI_‘_l (»)f_\pmut" (0_7__) ) -
paper per bushel eterper kg o | per g0 Ih. of Irish Per 36 1b. of
of tubers tubers, mg. Cobbler potatoces Katahdin potatoes
1/4 1b. 100* ' 2.54 | 0.92
1/8 1h. 100 1.27 \ 1.21
1/16 Ih. 100 2.15 | 1.066
1/4 1b. ) ’ 49.73 | 31.92

* Lquivalent to 0.006 oz. per bllbh(‘].
SUGAR CONTENT AND POTATO CHIP COLOR

As soon as the potatoes were removed from the storage room on April
2, 1945, tuber samples were removed from the lots that had received either
100 mg. or 50 mg. of methyl ester incorporated into paper, or 45 mg. ap-
plied in the form of soil. Slices were cut for the preparation of potato chips
and juice was squeezed for the sugar analyses, the methods used being
those previously described (3, p. 293, 294). Only traces of reducing sugar
were found in the juice of each lot, and the potato chips obtained were of
good color (3, p. 297, see Lot 2 A).

SUMMARY

Tests were made of the suitability of a temperature of 12.5° C. (54.5°
F.) for storage of potato tubers undergoing treatment with the methyl
ester of alpha-naphthaleneacetic acid (CyoH7CH,COOCH;) to inhibit the
sprouting and to maintain the tubers in firm condition without excessive
shrinkage during over-winter storage.
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Tubers of four varicties of potato (Solanum tuberosum 1..) werc stored
at 12.5° C. (54.5° F.) from October 19 and 20, 1944 to April 2, 1945 in the
prescnce of different concentrations of the vapor of methyl ester of alpha-
naphthaleneacetic acid.

When the treatments were applied by impregnating narrow strips of
paper with the chemical and distributing the shredded paper among the
tubers, sprouting was inhibited by the usc of 100 mg. of chemical per kg. of
tubers, and nearly so by 50 mg., but at 25 mg. considerable sprout develop-
ment occurred.

When 100 mg. of the chemical per kg. of tubers was incorporated into
varying amounts of shredded paper, it was found that the amount of paper
could be varied at least over the range onc-fourth to one-sixteenth pound
of paper per bushel of tubers treated.

When the treatments were applied by incorporating the chemical into
cither talcum powder or garden soil sifted to pass through a 6o-mesh sieve,
sprouting was inhibited by the use of 45 mg. of methyl ester per kg. of
tubers, but not by the use of 15 mg. or less. Previous results had shown that
25 mg. per kg. could be used successfully.

The tubers of lots treated with methyl ester at the rate of 100 mg. or
so mg. per kg. in shredded paper, or with 45 mg. in talcum powder or gar-
den soil, were in firm condition without excessive shrinkage. There was
some evidence that for over-winter storage the temperature should not be
much higher than that used in these tests, 12.5° C. (54.5° F.).

At the end of the experiment, samples of tubers showed that only traces
of reducing sugar were present in the juice, and slices of the tubers fur-
nished potato chips of good color.
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METHODS OF RATING THE ROOT-INDUCING ACTIVITY
OF PHENOXY ACIDS AND OTHER GROWTH
SUBSTANCES

A. E. Hitcucock AND P. W. ZIMMERMAN

Considering the relatively high activity shown by some of the sub-
stituted phenoxy compounds in carlier tests, it scemed of interest to test
all phenoxy compounds available at that time. Accordingly, in 1943 this
was done, using 63 phenoxy compounds together with naphthaleneacetic
and indolebutyric acids. The results of these tests, for which only a brief
summary was given before (4), are recorded in the present report. Eighteen
of the 63 used in 1943 were selected for testing again in 1944. The results
of these later tests constitute the principal part of the present paper. The
relation. between the structure of certain compounds and root-inducing
activity has becn discussed in previous reports (2, 3, 4).

In most of the tests relating to root-inducing activity comparative dif-
ferences have been based on the average number of roots per cutting. This
method appeared to be satisfactory for a small number of compounds, but
with larger numbers of compounds the differences became smaller and
the relative order of activity was not always the same in different tests.
It thus appeared desirable to determine by statistical analysis which
compounds were essentially alike and which ones were significantly dif-
ferent.

Two methods were used—namely, the analysis of variance and the
method of ranks devised by Friedman (1). From the standpoint of ranking
the acids on the basis of the average number of roots for 12 treatments,
the two methods gave essentially the same results. The two methods
showed agreement also in classifying concentration and the type of cutting
according to the acids used in cach series of tests. Though not of recent
origin, the method of ranks should prove useful to some workers, particu-
larly in view of the fact that it may be used without a detailed knowledge
of statistical procedures.

The active phenoxy acids fell into three categories. 2,4,5-Trichloro-
phenoxyacetic acid and a-(2,4,5-trichlorophenoxy)-propionic acid were
of approximately equal activity to a-naphthaleneacetic acid for induc-
ing normal roots. a-(2,4-Dichlorophenoxy)-propionic, a-(2,4,5-trichloro-
phenoxy)-n-butyric, and a-(2,4-dichlorophcnoxy)-n-butyric acids were
less active than a-naphthalencacetic acid. The monochlorophenoxy acids
and a-(2,5-dimethylphenoxy)-propionic acid were least active. This is in

Copyright, 1945, by Boyce Thompson Institute for Plant Research, Inc.
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general agreement with the results of the 1943 tests with one exception.
The relative activitics of a-(2,4-dichlorophenoxy)-propionic and 2,4,5-
trichlorophenoxyacetic acids were reversed in the 1944 tests, the latter
acid being the most active.

MATERIALS AND METHODS

Privet (Ligustrum ovalifolium Hassk.) shoots collected three different
times during July, 1944, arc subscquently referred to as series A, B, and
C. 1In each scries the shoots were segregated into four types (I, 11, III,

TABLE 1

Conk NAMES ASSIGNED TO ACIDS TOGETHER WITH THE CONCENTRATIONS
UsEDp IN EACH SERIES OF TESTS

Code name Name of acid Concn. mg./l.

Series

2-CIPOA 2-Chlorophenoxyacetic 0.32,1.0,3.2, 10 C
2-CIPOP a-(2-Chlorophenoxy)-propionic “ A C
2-CIPOB a-(2-Chlorophenoxy)-#n-butyric “ C
3-CIPOA 3-Chlorophenoxyacetic “ C
3-CIPOP a-(3-Chlorophenoxy)-propionic “ A C
3-CIPOB a-(3-Chlorophenoxy)-zn-butyric “ C
4-CIPOA 4-Chlorophenoxyacetic “ C
4-CIPOP a-(4-Chlorophenoxy)-propionic “ A C
4-CIPOB a-(4-Chlorophenoxy)-zn-butyric “ C
CL,POA 2,4-Dichlorophenoxyacetic 0.1,0 32,1.0,3.2 B
Cl,POP a-(2,4-Dichlorophenoxy)-propionic “ A B
CL,POB a-(2,4-Dichlorophenoay)-n-butyric “ B
(CHa\).POA 2,5-Dimethylphenoxyacetic 0.32,1.0,3.2,10 B
(CH,):POP a-(2,5-Dimethylphenoxy)-propionic “ AB
(CH;),’OB a-(2,5-Dimethylphenoxy)-n-butyric “ B
Cl;POA 2,4,5-Trichlorophenoxyacetic 0.1,0.32,1.0,3.2 B
CL,POP a-(2,4,5-Trichlorophenoxy)-propionic “ A B
CI;POB a-(2,4,5-Trichlorophenoxy)-n-butyric “ B

NA a-Naphthaleneacetic 3.2, 10, 20, 32 A B, C
IB B-Indolebutyric 10, 32, 48, 04 | A B,C

and 1V) according to leaf and stem characteristics and to their location
on the parent plants. There was no direct relation between the types in
the three series. For example, type I was not the same in series C as in
serics A. The trcatments used are shown in Table 1. Each concentration
was applicd to three cuttings of each of the four types, or a total of 12
cuttings. The average number of roots on these 12 cuttings was used for
each point on the curves in Figures 1, 2, and 3.

The cuttings were trcated according to the standard procedure by
immersing the basal ends in the test solution for a period of 20 hours in
the laboratory. After this they were planted in sand in greenhouse benches.
Root counts were made 25 days after treatment in the casc of series A and
B, and after 29 days in the case of series C. Root counts were made when
control cuttings started to root.
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Most of the phenoxy compounds used in the 1943 and 1944 tests were
.synthesized in the laboratories of the Boyce Thompson Institute. The code
names for the acids and the concentrations used in the 1944 tests appear
in Table 1.
STATISTICAL METHODS
Data selected for statistical analysis apply only to those acids which
induced an average number of roots greater than that for any of the tap
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Fiouke 1. Comparative activity of acids used in series A. Relative length of broken
lines represents the relative degree of overtreatment at tuc higher concentration. Short
dashes represent slight overtreatment and long dashes noticeable overtreatment.

water controls. Curves in Figures 1, 2, and 3 show which acids were in-
active for inducing roots in those tests. A further selection was made on
the basis of concentration effects. Three of the four concentrations sclected
from cach series represent the ascending portion of the root count curves
which were not associated with excessive abnormalities in rooting (Figs.
1, 2, and 3). For the monochlorophenoxy acids this range consisted of the
three highest concentrations in the case of series A and of the three lowest
in series C. Indolebutyric acid was omitted because there were not threc
concentrations having an interval of 3.2 times as in the case of all other
acids. The 12 treatments used as a basis of comparison consisted of three
concentrations applied to each of four types of cuttings. The 12 individual
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Fi1Gure 3. Comparative activity of acids used in series C. Relative length of broken
lines represents the relative degree of overtreatment at the higher concentration. Short

dashes represent slight overtreatment and long dashes noticeable overtreatment.
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root count values for cach of the seven acids in Table 11T are the averages
for three cuttings. Since 84 treatments were used in each of the three
series (Table 111), the total degrees of freedom are the same, namely 83.
The error term for the analysis of variance is likewise the same (acid X
concentration X type) with a ¢ value of 2.030 for 36 degrees of freedom.
Procedures used in the method of ranks appear in Table 11 and are further
described in the text under results.

TABLE 11
Procrpures Used FOR OBTAINING x,2 VALUE BY THE METHOD OF RANKS
Root counts from series A Ranked root counts
NA | Cly | Cl, | 3-Cl1| 4-Cl | 2-Cl [(CH;)o{ NA | Cl; | Cl, | 3-Cl | 4-Cl| 2-Cl | (CH3)s
POP | POP | POP | POP | POP | POP POP | POP | POP | POP | POP | POP
13 o 5 6 o ) 2 1 6 3 2 6 6 4
17 17 10 1 1 3 3 1.5 1.5 3 6.5/ 6.5 4.5 4.5
s8 0 33| 34| 13, 14 4| 10 1 3 2 5 4 7 6
2 3 2 1 14 2 o 4 2 4 [§) 1 4 7
21 9 13 11 8 o 2 1 4 2 3 5 7 6
53| 51| 20| 11 51 13 o 1 2 3 5 0 4 7
o 1 o 10 4 o o 5.5 3 5.5 I 2 5.5/ 5.5
10 5 8 3 8 i () 1 4 2.5 5 2.5 0 7
38 35 15 5 5 35 1 1 2.5 4 5-5/ 5-5| 2.5 7
8 o 10 3 6 2 1 2 7 1 4 3 5 0
18 13 4 10 12 3 2 1 2 5 4 3 6 7
56 51| 14 21 10 12 10 1 2 4 l 3 0.5 5 6.5
3°°| 218 ] 149 | 95 [ 87 [ 75 ' 31 | 21 I 39 [ 39 | so l 51 [ 06-5‘ 735

Calculations
12
xr? = —————
np(p+1)
In which n=number of sets of ranks=12
p=number of ranks=7
I(Column totals)2= 2124302+ 3924502+ 5124+ 006.52+73.52=18,408.5
12
xr?=—————X18,408.5—3X12X8=40.723.
12X7X8

The n value to be used in the x? table (6) is one less than the number of ranks (p—1) = 6.

For n=6 and P.or, x?=16.812. ) . )

‘. xr2=40.732>P.o1, showing the seven acids to be unlike for inducing roots.

X Z(column totals)?—3n(p+1)

EXPERIMENTAL RESULTS
RESULTS OF 1943 TESTS

All of the compounds used in the 1943 tests now appear for the first
time. They have been arranged in each group in descending order ac-
cording to the average number of roots (for three concentrations) induced
on privet cuttings. With few exceptions (indicated by an asterisk) there
was no replication of treatments. Some of the relations between structure
and root-inducing activity were discussed briefly in a previous report (4).
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TABLE 111
AVERAGE NUMBER OF Roots oN THREE CUTTINGS
| Typer | Typell | Typelll | TypelVv
Code name of acid Line totals
L M H|LMH|LMH|L MH
Series At (L.S.D.1=62)
NA 13 17 §8| 2 21 53| o 16 38| 8 18 56 300
CI;POP o 17 33| 3 9 51 1 5 35| o 13 s3I 218
CLPOP 5 10 34| 2 13 20| o 8 15|10 4 19 149
3-CIPOP 6 1 13 1 11 11{1o 3 5| 3 10 21 95
4-CIPOP o 1 14|14 8 5| 4 8 3 6 12 10 87
2-CIPOP o 3 4 2 o 13| o 1 3§ 2 3 12 75
(CH;).POP 2 3 10| 0 2 o o o 1 1 2 10 31
Scries Bt (L.S.D.=74)
CI;POA 7 13 62| 21 20 33|12 43 45| 8 35 44 343
Cl,POP 4 21 52| 3 26 23| 11 32 59| 9 25 63 328
NA 4 16 43 3 21 28 0 32 44 7 9 5§52 268
Cl,POP 3 5 25|11 8 15| 8 2t 26| 17 14 29 182
Cl,POB o 5 27| 3 5 20| 7 15 30| 3 0 39 178
Cl,POB 1 10 19 5 3 9| 4 14 36 2 g 30 148
(CH,),POP o o ¢ 1 o 15 2 5 24| 6 8 37 107
Series Ctt (L.S.D.=56)
NA 3 3 51| 1 3 67| 3 18 62|10 36 57 345
4-CIPOP I o I 1 5 18| o 16 24| 9 15 25 124
3-CIPOP o 10 16 3 5 17 1 3 12 3 24 20 123
2-CIPOB 1 2 15§ 2 9 16 2 1 16| 3 11 27 105
4-CIPOB 3 3 10| o 1 14 1 7 1§ 5 12 17 88
3-CIPOB o o 17 1 o 6 o 6 106 2 8 10 72
2-CIPOP o o 1 o o 8 o o o 4 7 27 47
Analysis of Variance
Series A Series B | Series C
Factor D.F.
Var. F Var. F | Var. F
Acid . 6 731 19.3%*% 601 12.4** 819 25.7**
Concentration 2 2026 77.3** 5783 103.9** 2008 84.7**
ype 3 57 I.§ 714 12.8** 317 710.0**
Acid Xconcentration 12 331 8.8%* 116 2.1* 272 8.5%*
Acid Xconcentration X type
(error) 36 38 56 32
Residue 24 42 71
Total 83

t L, M, and H represent three highest concentrations (sec Table I).

tt L, M, and H represent three lowest concentrations (see Table I).

* Significant.
** Highly significant.

1 AII L.S.D. values at 5 per cent level.
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Only a few of these phenoxy compounds were listed in the report just
mentioned.

Group 1. Compounds which induced a relatively large number of roots
over a fairly wide range of concentrations. Most phenoxy acids induced
the formation of some fasciated or large diameter roots at near optimal
concentrations but caused little or no stem injury.

Average number of roots

a-(2,4,5-Trichlorophenoxy)-propionic acid* 27
a-Naphthalenecacetic acid* 20
a-(2,4-Dichlorophenoxy)-propionic acid* 24
a-(3-Chlorophenoxy)-n-butyric acid 21
a-(2,4-Dibromophcnoxy)-propionic acid 21
2,4,5-Trichlorophenoxyacetic acid* 18
a-(2-Chlorophenoxy)-n-butyric acid 14
B-Indolebutyric acid* 14

Group 2. Compounds which induced a moderately large number of
roots over a relatively narrow range of concentrations. Generally abnormal
roots or stem injury occurred at near optimal concentrations for number of
roots.

Average number of roots

a-(2,4,5-Trichlorophenoxy)-n-butyric acid 14
a-(2,4-Dichlorophenoxy)-n-butyric acid* 12
a-(3-Chlorophenoxy)-propionic acid 10
a-(2,5-Dimethylphenoxy)-propionic acid 9
a-(2-Mecthylphenoxy)-n-butyric acid 9
a-(Phenoxy)-butyric acid 9
a-(4-Chlorophenoxy)-propionic acid* 8
a-(4-Chlorophenoxy)-n-butyric acid* 7
a-(2-Methylphenoxy)-propionic acid 7
a-(2,5-Dimethylphenoxy)-z-butyric acid 7
a-(2-Chlorophenoxy)-propionic acid 5
a-(2,4-Dibromophenoxy)-n-butyric acid 4
4-Aminophcnoxyacetic acid 4

Group 3. Compounds which induced a larger number of roots than the
water controls, but resulted in no well defined concentration effect except
as associated with abnormal roots or injury to the stem.

Average number of roots

a-(Phenoxy)-propionic acid 5
4-Methylphenoxyacetic acid 5
2,4-Dichlorophenoxyacetic acid* 4
2,4,6-Triiodophenoxyacetic acid 4
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Avcrage number of roots
2-Todophenoxyacetic acid
2-Nitrophenoxyacetic acid
3-Nitrophenoxyacetic acid
a-(2,4-Dichlorophenoxy)-isovaleric acid
2,4-Diiodophenoxyacetic acid
2,6-Dibromo-4-aminophenoxyacetic acid
Potassium-2,6-diiodo-4-carboxyphenoxyacetate
2-Methylphenoxyacetic acid
a-(4-Methylphenoxy)-propionic acid
a-(4-Methylphenoxy)-n-butyric acid

w

NN B NN N NDNWW

Group 4. Compounds which exhibited no concentration effect, causing
responses similar to control water solutions.
Phenoxyacetic acid
2-Chlorophenoxyacetic acid*
2-Aminophenoxyacetic acid
3-Chlorophenoxyacetic acid*
3-Aminophenoxyacetic acid
4-Chlorophenoxyacetic acid*
4-Bromophenoxyacetic acid
2,4-Dibromophenoxyacetic acid
2,4-Dinitrophenoxyacetic acid
a-(2,4-Dichlorophenoxy)-malonic acid
a-(2,4-Dichlorophenoxy)-caproic acid
a-(2,4-Dichlorophenoxy)-lauric acid
Ethyl 2,4-dimethylphenoxyacetate
a-(2,4-Dimethylphenoxy)-propionic acid
a-(2,4-Dimethylphenoxy)-n-butyric acid
2,5-Dimethylphenoxyacetic acid
3,4-Dimethylphenoxyacetic acid
a-(3,4-Dimethylphenoxy)-propionic acid
a-(3,4-Dimethylphenoxy)-n-butyric acid
3,5-Dimethylphenoxyacetic acid
a-(3,5-Dimethylphenoxy)-propionic acid
a-(3,5-Dimethylphenoxy)-#n-butyric acid
8-(3,5-Dimethylphenoxy)-n-butyric acid
2,4,6-Trichlorophenoxyacetic acid
a-(2,4,6-Trichlorophenoxy)-propionic acid
a-(2,4,6-Trichlorophenoxy)-n-butyric acid
2,4,6-Tribromophenoxyacetic acid
4-Chloro-3,5-dimethylphenoxyacetic acid
2,3,4,6-Tetrachlorophenoxyacetic acid
2,3,4,5,6-Pentachlorophenoxyacetic acid



19451  HiTcHCOCK & ZIMMERMAN—RATING ROOTING SUBSTANCES 29

RESULTS OF 1944 TESTS
Results Not Statistically Analyzed

The descending order of activity for all of the active acids appears in
Table VI together with the order for these same acids found in the 1043
tests. Root counts were excluded in the present tests in those cases where
abnormal rooting had occurred. For example, 3-CIPOB and 2-CIPOB
received the relatively high rating in 1943 (Table VI) mainly on the basis
of the high root counts for the 10 mg./l. concentration which induced an
average of 38 and 21 roots respectively for these two acids. Since the
relatively high root counts for 10 mg./1. shown in Figure 3 were omitted
for all monochlorophenoxy acids, these particular acids are given a much
lower rating in the 1944 tests. However, in this case it is 2-CIPOP which
has been penalized the most. The overtreatment effects induced by
2-CIPOP at 10 mg./l. in serics C arc shown in Figure 7. The 10 mg./l.
concentration in series A was considered comparable to the 3.2 mg./l.
concentration in series C. For comparative purposes in the statistical
analyses it was believed preferable to compare root counts in the optimal
part of the concentration range in cach series of tests.

Relative differences in rooting response for the eight acids in series A
are illustrated in Figure s for one of the four types and for all four con-
centrations. The best root systems are on cuttings treated with 1B, NA,
and CLPOP and the poorest on cuttings treated with 2-CIPOP, 3-CIPOP,
4-CIPOP, and (CH;).POP. The rooting responsc of Cl,POP was inter-
mediate. Control cuttings had just started to root. These differences are
typical of those obtained with the other three types of cuttings, since in
this series the four types did not differ significantly as they did in series
B and C (sce F value for type in Tables 111 and 1V). In this same figure
the inhibiting effect of the highest concentration is most evident for
3-CIPOP and 4-CIPOP. A more extreme case of this type of overtreatment
appears in Figure 4 in which there is also shown the relatively narrow
cffective range of concentrations typical of the monochlorophenoxy acids.

The differences in root-inducing activity due to length of side chain are
shown in Figure 6. ClLPOA was the only phenoxy acid with an acetic acid
side chain which was active and in this case was highly active. Another
example of the difference due to length of side chain is shown for 4-
chlorophenoxy acids in Figure 4. The influence of the number of chlorine
substituents is also shown in Figure 6 where it is seen that the activity
increases with the number from one to three. However, there was little
difference in the activity according to the position occupied by a single
chlorine substituent in the ring.

In Figure 7 the variation in rooting response according to the type of
cutting is shown for treatments duplicated at different times. Rooting of
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FIGURE 4. Privet cuttings 29 days after treatment (series C) showing influence of con-
centration, length of side chain, and relative position of cutting material on parent shoot.
Upper row, 4-CIPOA; middle row, 4-CIPOP; and lower row, 4-CIPOB. In each sect (left to
right): tip, middle, and basal portion of same shoot. Excessive overtreatment and injury

at 1o mg./l.
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L

F1GURE 5. One of four types of privet cuttings used in series A, 25 days after treatment.
Concentration in mg./l. (Left to right): {or IB, 10, 32, 48, and 64; for NA, 3.2, 10, 20, and
32; for 2-CIPOP, 3-CIPOP, 4-CIPOP, and (CHj;):POP, 0.32, 1, 3.2, and 10; and for Cl.POP
and CI;POP, o.1, 0.32, 1, and 3.2.

the four types is more uniform in series A than in serics B or C. This was
mainly due to the fact that in the first collection it was possible to obtain
a larger number of comparable shoots than in later collections. The
difference in the response of cuttings treated with the same acids at
different times is most noticeable for 2-CIPOP, but this difference is scen
to be due to a shifting of the optimal part of the concentration curve.
Thus the response to a concentration of 3.2 mg./l. in series C was about
comparable to 10 mg./l. in scries A.

The results of all tests show that the four concentrations sclected are
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F1GURe 6. Influence of length of side chain, number of chlorine substituents in the ring,
and the kind of acid on rooting or privet cuttings. Concentration in mg./l. in each group
(left to right): for monochlorophenoxy acids in upper three rows, o.32, 1, 3.2, and 10; for
dichlorophenoxy and trichlorophenoxy acids, o.1, 0.32, 1, and 3.2.
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FI1GURE 7. Variations due to duplication of tests at different times and to the use of four
types of cuttings (I, I, I11, and IV respectively from upper row). 2-CIPOP: column on left,
scries A;column on right, series C. ClsPOP: column on left, scries A; column on right, series
B. Concentration in each group (left to right): for 2-CIPOP, 0.3, 1, 3.2, and 10 mg./l.; for
CI3POP, o.1, 0.32, 1, and 3.2 mg./L

sufficiently broad to demonstrate the most effective range for inducing
normal roots. This in itself indicates that previous methods for testing
and evaluating rooting responses were satisfactory for determining the
effective concentration range of these substances. However, in view of the
large number of variables in these and in previous tests, it is not always
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possible to rank correctly a large number of compounds. For example, it
was evident that the ranking of the compounds on a basis which included
root counts for supra-optimal concentrations, as in the 1943 tests, would
be different from that based on the effective range for inducing normal
roots. Particularly in the cases where the results of duplicated tests arc
greatly different, additional tests are necessary. This was true for Cl;POA
in the 1943 tests. In the first of the duplicated tests the average number of
roots for three concentrations was 32 and for the second test 4. The
average, 18, of these two is not representative of the high activity of
ClPOA shown in later tests including the present 1944 tests, in which each
treatment was replicated four times.

Results Statistically Analyzed

Root counts for series A, B, and C appear in Table I11. The analysis
of variance for these data appears in Table II1. The seven acids in each
series were significantly different (> P.o1) in their capacity to induce roots
in privet cuttings. Relative differences in activity within each group of
seven acids are shown in Table V. The separation into groups of high,
medium, and low activity was made on the basis of the L.S.D. value at
the 5 per cent level required for totals of 12 root counts (line totals in
Table III). These results (Table V) show that only 2 of the 12 phenoxy
acids (C3POA and CLPOP) were of equivalent activity to NA. Thus the
trichlorophenoxy acids were of highest activity, the dichlorophenoxy acids
of intermediate activity, and the monochlorophenoxy acids together with
(CH3)2:POP were of lowest activity. In general, these differences are
reflected in the curves in Figures 1, 2, and 3.

The concentration effect was highly significant for the acids in each
series of tests (Table I1I). This was to be expected since the three con-
centrations selected from a total of four were from the optimal part of the
concentration curve. However, significant F values for the interaction
acid X concentration indicated that the slopes of the concentration curves
(Figs. 1, 2, and 3) were different for the monochlorophenoxy acids as
compared with the di- and trichlorophenoxy acids and NA. For example,
an F value of 2.09 for acids of two and three substituents (serics B) was
considerably less than the F values for the same interactions which in-
cluded acids of one substituent (8.75 and 8.52 respectively for serics A and
C). Thesc results are in agreement with those of previous tests (2).

Four of the acids used in series A were also used in series B. A com-
parison of the root counts for the replicated series of tests yielded a non-
significant F value of 2.10. This indicated that the performance of these
four acids which had two or three chlorine substituents was not signifi-
cantly greater than the error of the replicated series. However, the F value
of 2.87 for the interaction acid X concentration was more ncarly com-
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parable to the F value in series B (2.09) than in serics A (8.75). This
indicates that the slopes of the concentration curves are more nearly alike
for acids with two or threc substituents than for acids of one substituent.

Differences due to the type of cutting were significantly different in
series B and C but not in the case of series A (Tables I1I and 1V). This is
to be explained on the basis that the most comparable material was re-
moved from the plants when the first collection was made for series A.
Segregation of cuttings into four types was done for the purpose of treat-
ment replication and not in order to demonstrate possible differences in
tvpe.

Since in previous tests the comparative activity of root-inducing

TABLE 1V
COMPARISON OF RESULTS OF THE ANALYSIS OF VARIANCE AND THE METHOL OF RANKS
l { Series A I Series B Series C
D.F.
' F xr? F xr* F xr?
Acid 4 19.32**  40.72%* | 12.43%*% 47.13%" | 25.068** 33.35**
Concentration 2 77.32%*%  14.00** [103.90** 14.00** | 84.65** 14.00**
Ty pe 3 1.50 6.25 12.83%*%  17.23** 9.95%* 12.77**

** Highly significant.

substances has been evaluated on the basis of ranked root counts, it
scemed of interest to analyze the present results by a simplified statistical
method such as the method of ranks devised by Friedman (1). An example
of the procedures used for obtaining x,* values is given in Table 11 for data
in seriecs A. When the seven acids were classified by 12 root counts (=12,
p=1) a significant x,* value of g40.72 showed that these acids were unlike
for inducing roots on privet cuttings. Additional comparisons within the
group of seven acids were then made in order to determine which acids
were of similar activity and which ones were significantly different. When
the five acids which yielded column totals ranging from 39 10 66.5 were
re-ranked (n=12, p=75), a non-significant x,* value of 9.03 was obtained.
These five acids were placed in the medium active group for series A in
Table V. The next procedure was to re-rank NA together with the five
acids just mentioned (n=12, p=6). The resulting x,* value of 29.11
indicated that NA was significantly better (> P.o1) than the five acids of
medium activity. Consequently NA was placed in the highly active group
(Table V). In a similar manner (CH;):POP was found to be of significantly
lower activity (> P.o1) than the five acids in the medium active groups.
Thus (CH;):POP was placed in the group of low activity (Table V). The
same procedures were used to rank the acids in serics B and C for which
the results are given in Table V. The group ranking of acids is essentially
the same for both methods of analysis (Table V).
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TABLE V
GROUP RANKING OF ACIDS BY THE ANALYSIS OF VARIANCE AND THE METHOD OF RANKS
Series A Series B Series A+B Series C
Level ———
of Rank Rank Rank Rank
activity* -
Var. | xr? Var. xrt Var. ' P ] Var. xr?
High | NA NA CLPOA CLPOA NA NA NA NA
CLPOP CLPOP CLPOP CLPOP CLPOP
NA NA
Medium CLPOP** 4-CIPOP | 4-CIPOP
CLPOP CL,POP CLPOP CLPOP CLPOP CLPOP 3-CIPOP | 3-CIPOP
3-CIPOP | 3-CIPOP | CL,POB CLPOB 2-CIPOB | 2-CIPOB
4+-CIPOP | 4-CIPOP | CI,POB CL,POB 2-CIPOB | 4-CIPOB
2-CIPOP 3-CIPOB
Low 2-CIPOP 3-CIPOB
(CH2):sPOP | (CH3):POP | (CH:):POP | (CH3)sPOP | (CH:);POP | (CH:)sPOP | 2-CIPOP | 2-CIPOP

* Significant difference at j ger cent level in all series between high and medium active groups, but all acids in
medium group not significantly ditferent from acids in low group.
** Note that the results for series A+B place this acid in the highly active group.

By reversing the procedure just described, the seven acids formerly
used as variates were used as factors for classifying concentration and type
of cutting. For the concentration effect based on the average for the four
types (m=7, p=3) highly significant x,?* values were obtained in series
A, B, and C (Table 1V, line 2). Additional comparisons (not shown) of the
concentration effect for each of the four types of cuttings (n=7%, p=3)
gave significant x,? values in 11 of 12 cases. The results for differences in

TABLE VI

CORRELATION OF THE RELATIVE ORDER OF ACTIVITY OF THE
Acips TESTED IN 1043 AND 1044

1944 tests 1043 tests
Code name of acid
Total number , Average
roots* Rank Rank number roots
CI,POA 34 I 18
NA 302 2 2 20
Cl;POP 273 3 1 27
CL,POB 178 4 6.5 14
ClL,POP 166 5 3 24
CLPOB 148 6 8 12
3-CIPOP 109 7 0 10
4-CIPOP 106 8 11 8
2-CIPOB 103 9 6.5 14
4-CIPOB 88 10 12 7
-CIPOB 72 11 4 21
CH,),POP 69 12 10 9
2-CIPOP 61 13 13 S
62D? 663
re=1 =1 =,6964 (equivalent to r=.713)**
n(nt~1) 2184

* Averages used in cases of duplication.
** (s, p- 472).
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type of cutting (n=14, p=4) appear in line 3 of Table IV. These results
likewise agree with those obtained by the analysis of variance (Table 1V).

The relative order of activity of the acids tested in 1944 was approxi-
mately the same as in the 1943 tests (Table VI). Since there were more
replicated trecatments in the 1944 tests, it is believed that the relative
order of activity is more nearly correct in these later tests in which CLPOA
and CLPOP proved more effective than ClL,LPOP.

DISCUSSION

Considering the many substances known to possess root-inducing
properties, therc appear to be relatively few which from all standpoints
are as satisfactory as NA and IB. Only two of the phenoxy acids (CLPOA
and ClPOP) proved to be of equal effectiveness to NA for inducing normal
roots in privet cuttings (Table V). The dichlorophenoxy acids were of
intermediate cffectiveness, and the monochlorophenoxy acids together
with (CH;),POP were of lowest effectiveness. Although the phenoxy acids
having onc or two chlorine substituents were highly active, the cffective
range in concentration for inducing normal roots was narrower, and the
maximum number of roots was less than for CLPOA, CL,POP, and NA.
On the basis of threshold concentrations, phenoxy acids having two or
three chlorine substituents were from five to ten times more effective than
NA (Figs. 1 and 2). This difference is in agreement with that reported
previously for privet (2, p. s01), but this magnitude of diffcrence does not
hold for certain other species of plants (2).

The loss of information attending the use of ranking methods was not
sufficiently large in the present tests to result in a radically different order
of group ranking than was obtained by the analysis of variance (Table V).
Considering this fact together with the simplicity and time-saving clement
of the ranking method, there appears to be justification in some cases for
using the method of ranks in preference to the analysis of variance for
determining differences between several root-inducing acids. The phenoxy
acids having one or two chlorine substitutes received a lower rating
mainly on the basis of adverse effects associated with the induction of
relatively large numbers of roots. Thus certain responses which are
difficult to measure quantitatively, such as swelling and proliferation of
stems and fasciation of roots, are important in determining the effective
concentration range of a given acid. The sum total of all responses on the
cutting might be used as a basis for ranking which makes unnccessary the
usc of quantitative measurements, although of course the latter may also
be used.

Even though the number of roots may not constitute an entirely
satisfactory criterion for measuring differences in root-inducing activity,
the results are reproducible in the same and in different tests. The relative
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order of activity for the 13 acids tested in 1944 was approximately the
same as in 1943 (Table VI). Any better correlation (r,=.696 > P.o1) could
scarcely be expected in view of the limited replication in the 1943 tests
and also because of the rather large experimental error involved in this
type of test.

SUMMARY

A complete list of the 63 phenoxy compounds tested in 1943 is given
together with the average number of roots induced on cuttings of privet
(Ligustrum ovalifolium). The results of these tests were described only
briefly in a previous report.

Eighteen of the phenoxy acids used in 1943 were tested again in 1944
using a greater number of replicated treatments. The relative order of
activity was approximately the same in both years’ tests (r,=.696 > P.o1).
The relation between structure of acid and root-inducing activity was also
essentially the same for both years’ tests.

The group ranking of 12 of the active acids was essentially the same by
Friedman’s method of ranks and the analysis of variance. Only two of
the acids [2,4,5-trichlorophenoxyacetic and a-(2,4,5-trichlorophenoxy)-
propionic acids] were of equivalent activity to NA. The dichlorophenoxy
and most of the monochlorophenoxy acids were of intermediate activity.
a-(2,5-Dimethylphenoxy)-propionic and a-(z-chlorophenoxy)-propionic
acids were of lowest activity.

The loss of information attending thc use of the method of ranks
appears not to be a serious onc in this type of test and is compensated for
to a considerable extent by the simplicity and time-saving clement of the
method.
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A NOTE ON THE PREPARATION OF 2-CHLORO-3,5-DITIODO-
BENZOIC ACID AND 2-CHLORO-3,5-DIBROMOBENZOIC ACID
AND THEIR EFFECTS ON TOMATO PLANTS

MARTIN E. SYNERHOLM AND P. W. ZIMMERMAN

One of the authors has been studying the physiological responses in
plants to substituted benzoic acids. In the course of his work it was ob-
served (1) that the product obtained in an attempted preparation of
2-chloro-3,5-diiodobenzoic acid possessed marked formative influences
when applied either to the soil as an aqueous solution or as a solution in
lanolin to local parts of the tomato (Lycopersicon esculentum Mill.) plant.

The attempted preparation consisted of a diazotization of 3,5-diiodo-
anthranilic acid in hydrochloric acid followed by replacement of the diazo
group by chlorine. It was later shown that the product possessed the
melting point and analysis for the unchanged diiodoanthranilic acid. Any
physiological activity was due to traces of another compound, for the
starting material was shown tou be inactive. This led to a rencwed effort
to obtain the desired chloro derivative. After several unsuccessful attempts
at diazotizing the diiodoanthranilic acid using hydrochloric acid as the
diazotizing medium, it was found possible to carry out this step success-
fully using a mixture of glacial acetic acid and concentrated sulphuric
acid. The replacement by chlorine followed smoothly according to the
standard procedure. The product, 2-chloro-3,5-diiodobenzoic acid, has
heretofore not been described in the literature.

The previously unreported 2-chloro-3,5-dibromobenzoic acid has now
been prepared in an analogous manner.

2-Chloro- 3,5-ditodobenzoic acid. A mixture of 20 g. (0.052 mol.) of 3,5-
diiodoanthranilic acid in 50 ml. of glacial acetic acid and 50 ml. of con-
centrated sulphuric acid was cooled to — 5° C. in a freezing mixture. Three
and six-tenths grams of sodium nitrite were added gradually while the
mixture was stirred. After stirring for one hour in the cold, the mixture
was poured with stirring onto 100 g. of ice. The solution was filtered to
remove tar, and 100 ml. of concentrated hydrochloric acid and 50 g. of ice
were added.

Cuprous chloride was prepared in the following way: Eighteen grams
of copper sulphate pentahydrate and 5 g of sodium chloride were dissolved
in 6o ml. of hot water. To this solution was added with stirring a hot
solution prepared by dissolving 3.8 g. of sodium bisulfite and 2.6 g. of
sodium hydroxide in 30 ml. of hot water. The precipitated cuprous
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chloride was washed several times by decantation, then taken up in 30 ml.
of approximately 25 per cent hydrochloric acid, and cooled to o°. The
cuprous chloride solution so prepared was added to the diazotized an-
thranilic acid derivative and the mixture warmed slowly on the steam
bath to 45°. The mixture was filtered, dried, and recrystallized from
benzene. The yield was 13 g. (70 per cent) of material melting at 207 to
208° (uncorr.).

Neutral equivalent calculated for C;H3;0,ClIs: 408.4. Found: 405.

2-Chloro- 3, 5-dibromobenzoic acid. This acid was prepared in an analo-
gous manner from 10 g. of methyl 3,5-dibromoanthranilate in 40 ml. of
glacial acetic acid and 20 ml. of concentrated sulphuric acid. Two and two-
tenths grams of sodium nitrite, 11 g. of copper sulphate, 3 g. of sodium
chloride, 2.3 g. sodium bisulfite, and 1.6 g. sodium hydroxide were used in
the diazotization and replacement steps. The crude product was warmed
for a half hour with g5 per cent alcoholic sodium hydroxide to effect com-
plete saponification of the ester. The product after dilution with water,
acidification and recrystallization from benzene, weighed 8.5 g. (84 per
cent), melting point 180 to 181° (uncorr.).

Neutral equivalent calculated for C;H;O0,CIBrs: 314.4. Found: 314.

Substituted benzoic acids differ physiologically from many other
growth substances in that they cause little or no cell enlargement or in-
duction of adventitious roots. They resemble the substituted aryloxy
alkyl carboxylic acids in their capacity to cause formative effects (1, 2, 3)
in low cancentrations. Likewise, inhibition of growth and herbicidal
activity are manifested at moderate and high concentrations of these
chemicals. The positions of the substituents in the benzoic acid series are
important in lending activity to the compound. For example, 2,5-dichloro-
benzoic acid has a pronounced formative influence on plants, while 2,4-
dichlorobenzoic acid is only slightly active. The formative effects of four
substituted benzoic acids are illustrated in Figure 1. In the early stages of
growth, the effects of the different acids are similar.

Several methods have been used in applying the chemicals to the plant,
the simplest being the application of an aqueous solution of the chemical
to the soil. It has usually been applied in amounts ranging from 1 to 20 mg.
in 50 ml. of water for a four-inch pot of soil. One application shows activity
lasting from one to six months depending upon the concentration and
effectiveness of the compound used.

The compounds may be tested effectively by application of their
lanolin solutions to one side of the stem and an adjacent leaf or as aqueous
sprays to the growing tip and leaves. Still another method involves vapori-
zation of the chemical by heat in a confined space such as within a closed
bell jar or Wardian case.
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F1GURE 1. Tomato plants illustrating the formative influence of four halogen-substituted
benzoic acids; photograph taken 17 days after 10 mg. of the acid in so ml. of water were
applied to the soil of a four-inch pot in which the plant was growing. Plants were approxi-
mately four inches tall when treated. The acids used were (A) 2,3,5-triiodobenzoic acid;
(B) 2-chloro-3,5-diiodobenzoic acid; (C) 2-chloro-3,5-dibromobenzoic acid; and (D) 2,s5-
dichlorobenzoic acid.
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FAVORABLE CONDITIONS FOR THE TREATMENT OF DOR-
MANT GLADIOLUS CORMELS TO INCREASE GERMINATION

F. E. DENNY

Previous reports (1, 2, 3) had shown that a favorable temperature for
over-winter storage of cormels previous to treatment before planting in the
spring was about 5° or 10° C. (41° or 50° F.), and that a suitable amount
of the chemical, ethylene chlorohydrin (CH.CICH,OH), for usc in the
treating of cormcls by exposure to the vapors of this chemical, was ap-
proximately 1 cc. of the 40 per cent solution of ethylene chlorohydrin for
each 8o to 100 grams of cormels (equivalent to about seven drops of the
chemical per ounce of cormels, or about one and one-fourth tcaspoonfuls
per pound, or about one pint to 100 pounds).

Subsequent experiments have confirmed the suitability of these condi-
tions for pre-storage and treatment, and have indicated that the concen-
tration of the chemical need not be very exact but can be varied from about
1 cc. of the 40 per cent solution to each 37.5 grams of cormels to about 1
cc. to each 125 g. without getting beyond the effective range in either direc-
tion. This indicates that the mid-point of the effective range is at a some-
what stronger concentration than that given for the 10o-pound quantity
in the preceding paragraph, and that the directions in this case should
rcad one pint to cach 8o pounds of cormels.

After the experiments were well along the question came up whether at
the end of the treatment period it was nccessary to plant the treated cor-
mels at once or whether, in case the weather was unfavorable for planting,
the treated cormels could be held for a few days and then be planted with-
out serious loss of the cffectiveness of the treatment. The preliminary test,
using a delay period of four days, indicated that not only was there not a
loss but there was, in reality, a gain due to this delay after treating and
before planting. A test in the following ycar, in which the delay periods
used were one week and two weeks, again ‘ndicated a gain due to delayed
planting and, in fact, suggested that the two weeks’ delay period was per-
haps more favorable than that of one week.

The present experiment was undertaken to determine more definitely
whether therc was a gain in yicld by delaying the planting after treatment,
and, if so, whether the conditions of storage of the treated cormels during
the period of delay were of importance in the effect of the delay. For this
purpose the concentration of the chemical used in the treatment and the
temperature of storage of the cormels during the period of delay were both
varicd over a considerable range, and the possible effect of the moisture
conditions during the delay period was tested by employing both dry and
moist storage.
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The result has been to show that a delay period of six days after treat-
ment before planting was favorable, that a delay of 12 days was more fa-
vorable than one of six, but that a delay of 18 days did not still further in-
crease the yield, although in this case the yield of the 18-day delay lots was
greater than that of the lots planted at once after treatment.

MATERIAL AND METHODS

The Gladiolus cormels, which were of the variety Salmon Star, were of
the crop of 1943 and were stored over-winter in paper bags at a tempera-
ture of 5° C. (41° F.). Late in April 1944 they were sorted into lots weighing
12.5 grams each, averaging 105 cormels per lot, and tied in individual
cheesecloth bags. To provide for all of the treatments now to be described,
216 of these bags of cormels were required.

The main object of the present test was to determine whether after the
completion of a treatment with the vapor of ethylene chlorohydrin the cor-
mels should be planted at once, or whether a better yield would be obtained
by delaying the planting after treatment. Three delay-periods were used, 6
days, 12 days, and 18 days, and for comparison with them were lots treated
in the same way except that they were planted at once after treatment.

Three different concentrations of chemical were used for the four-day
period of treatment: 1 cc. of 40 per cent ethylene chlorohydrin to each so
grams of cormels, 1 cc. per 75 grams, and 1 cc. per 100 grams. The bags of
cormels were put into quart-size glass fruit jars of the type with wide
openings. When the jar was nearly full a piece of a paper towel was laid on
top of the bags, and on this was laid a piece of cheesecloth containing the
proper amount of chemical as determined by the weight of cormels in the
jar. The 40 per cent solution was prepared from the anhydrous chemical by
adding 1.75 volumes of water to one volume of the anhydrous chemical and
mixing thoroughly.

The temperature during the four-day duration of the treatment was
22.5° C. (72.5° F.).

During each of the periods of delay after treatment before planting,
three different temperatures for storing the treated cormels were used:
20° C. (68°F.), 25° C. (77° F.), and 30° C. (86° F.).

A still further subdivision was made to determine the effect of the
storage condition at each temperature, one series of lots being stored in
air in a shallow layer in a wooden flat, and the other series being removed
from the bags and mixed thoroughly with moist sand and stored in wide-
mouthed stoppered bottles.

The number of lots of bulblets required for a single replication was,
therefore, 4 X3X3X2=172, and since the entire series of treatments was
replicated three times in the field planting, the total number of lots of
cormels was 216.
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The treatments were started at intervals such that all lots would finish
their periods for treatment plus delay on the same day, so that all lots
could be planted simultaneously. Thus, by starting one sct of lots on April
23, another on April 29, another on May 3, and another finally on May 11,
all lots were ready for planting on May 15.

For the planting plan in the ficld the split-plot method (4, p. 209) was
used. The portion of the field for each replication was divided into three
equal areas to receive the lots receiving the three different concentrations
of chemical, or nine such areas for the three replications. Each of these nine
areas was divided into three equal areas to receive the lots that had been
stored at the three different temperatures after the treatment had been
applied, there being thus 27 such areas. Each of these in turn was divided
into two equal areas to receive the lots stored under the two different con-
ditions, i.e., in air and in moist sand, there being 54 such areas. Finally
each of these last named areas was divided into four equal areas to receive
the lots that were subjected to the four delay periods after the treatments
had bcen applied, i.e., o, 6, 12, and 18 days.

Each lot occupied a three-foot portion of a row, the bottom of the fur-
row being broad so as to allow the bulblets to be scattered in a band about
three inches wide in the row.

This planting plan allowed the effect of the period of delay after treat-
ing before planting to be determined more accurately than any of the other
factors, since these lots were always adjacent to cach other in the field, and
so were less subject to differences on account of soil variation. The effect
of other factors was consequently less accurately determined, and in the
following order of decreasing accuracy: storage condition (dry or moist),
temperature, and finally concentration of chemical used in the treat-
ments.

No controls, or non-trecated bulblets, were included in this planting plan
since it had been found in various tests in previous years that cormels of
this variety after over-winter storage even at the favorable temperature of
5° C. (41° F.) would germinate poorly. Nevcrtheless, ten lots, of the same
stock as those used in the treatments, were planted in rows adjacent to the
treated lots in the field in order to verify the fact that the cormels used in
the test were dormant. As expected, the germination of these check lots
was poor and the average yield of young corms per lot of 105 cormels was
only 10.2 g. while in the treated lots the average yield of all lots under all
conditions of treatment was 128.8 g.

RESULTS

The young corms were harvested, the tops, roots, and young cormels
were rejected, and the weight in grams of the crop was recorded for each
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lot. The results are shown in Table I. The analysis of variance of the data
in Table I is shown in Table II, account being taken of the fact that only
the lots with planting delayed after treatment were subjected to differences
in storage temperature and media.

On account of the arrangement e§the planting on the split-plot basis,
there is more than one error term, four in this case, one for cach of the
main factors and their interactions. The error terms are each obtained
from the combined interactions involving replications. Presumably, in

TABLE 11
ANALYSIS OF VARIANCE OF DATA IN TABLE I
Source D.F. Variance
Replications 2 20026
Concentrations of chemical 2 700
Error “a” 4 3747
Temperatures during storage 2 1299
Temp. Xconcn. 4 798
Error *b" 12 053
Medium during storage 1 4
Med. Xconcn. 2 1209
Med. X temp. 2 250
Med. X temp. Xconcn. 4 258
Error ‘'c” 18 657
Delay in planting 3 4738**
Delay X concn. 4 445
Delay X temf. 4 179
Delay X med. 2 895
Delay X temp. Xconcn. 8 322
Delay X med. Xconcn. 4 419
Delay X med. X temp. 4 99
Delay X med. X temp. Xconcn. 8 308
Within concn., without delay 51 381
Error “d” 74 497
** Prob. >.o1.

the case of error ‘‘d,” the three-factor and four-factor interactions involv-
ing ‘“delay’’ could have been combined with the replication interactions to
form a different error term. This would have given an error variance of 448
with 98 degrees of freedom. However, the results of the tests of significance
would not have been changed by the use of this error term.

The only factor showing a significant effect with odds of 19 to 1 or
more is that due to the delay in planting after treatment, the F value (4, p.
254) being g.53, corresponding to odds well beyond the 99 to 1 point. The
totals for the 54 lots planted at once (o days) and those subjected to a de-
lay of 6, 12, and 18 days, also each consisting of 54 lots, were as follows in
the order given: 6258 g., 6918 g., 7394 g., and 7251 g. In the comparison
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o vs. 6 days, the F value (5, p. 339) is (6918 —6258)2+ (54 X2 X497)=17.97,
corresponding to odds well over gg to 1 that on the whole a delay of 6 days
after treatment before planting increased the yield as compared with plant-
ing at once after treatment. In the comparison 12 days’ delay vs. 6 days’
delay, the F value is (7394 —6918) + (54 X 2X 497) =4.14, which indicates
odds of slightly more than 19 to 1 that a delay of 12 days was more favora-
ble than a delay of 6 days after treatment before planting. A similar com-
parison of the values for 18 days vs. 12 days fails to show a difference but
in the comparison o vs. 18 days, the F value is 18.0, showing high odds that
a delay of 18 days in planting gave a better yield than that obtained by
planting at once after treatment.

The totals for the effect of the storage medium after treating and before
planting were as follows (81 lots in each total): stored dry in air, 10,769 g.;
stored in moist sand, 10,794 g.

The failure of the different temperatures during the storage after treat-
ment to show a large effect was unexpected. The totals for thg 54 lots at
each temperature were as follows for 20° C. (68° F.), 25° C. (77° F.), and
30° C. (86° F.), in the order given: 6957 g., 7129 g., and 7477 g. There is an
increasing serics here, but the analysis of variance shows that on the whole
the differences are not significant, at least with odds of 19 to 1.

The totals for the three concentrations of chemical, 1 cc. to 50 g., 1 cc.
to 75 g., and 1 cc. to 100 g. (72 lots at each concentration), were as follows,
in the order given: 9289 g., 9042 g., and 9490 g. These values are not in a
series, the intermediate concentration being lower than that of either the
weakest or strongest, but the analysis of variance does not indicate a sig-
nificant difference.

The conclusion is that a delay of at least 6 days and as many as 18
days after treating and before planting gave a better yield than was ob-
tained when the cormels were planted at once“after treatment.

SUMMARY

Gladiolus cormels of the crop of 1943 were stored over-winter at 5° C.
(41° F.) and were treated late in April 1944 with the vapor of ethylene
chlorohydrin, using three different concentrations of chemical as follows:
1 cc. of 40 per cent ethylene per 50 g. of cormels, 1 cc. per 75 g., and 1 cc.
per 100 g. After the treatments were completed, one series of treated cor-
mels was planted at once in the field, another series was stored for 6 days
after treatment before being planted, while other lots were subjected to a
delay in planting of 12 days and 18 days. The treatment of the various
lots was initiated at the proper intervals before planting so that the periods
of treatment plus storage after treatment terminated simultaneously, per-
mitting all lots to be planted on the same day.

During the intervals of storage after treatment, three temperatures
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of storage were tested: 20° C. (68° F.), 25° C. (77° F.), and 30° C. (86° F.),
and at each of these temperatures there were two series, one in which the
treated cormels were stored dry in air, and the other in which they were
stored in moist sand.

The yield of lots subjected to a delay of 6 days after treatment was
greater than that of lots planted at once after treatment, a delay of 12
days was better than one of 6, and a delay of 18 days, although not giving
more favorable results than one of 12, resulted in a greater yicld than
was obtained with treated lots planted without delay.

These favorable results of a delay in planting after treatment were ob-
tained under all conditions of trcatment and subsequent storage tested in
the experiment.

From these results, and those of previous experiments, the favorable
conditions for obtaining good germination of gladiolus cormels are as fol-
lows: store the cormels over-winter at a temperature of 5° C. (41° F.) to
10° C. (50° F.). Start the chemical treatment 10 to 20 days before it is
planned to plant. Treat the cormels in containers that can be closed, using
1 cc. of 40 per cent ethylene chlorohydrin for each 75 g. of cormels (seven
drops per ounce, or one and one-fourth teaspoonfuls per pound, or one
pint per 8o pounds), incorporating the chemical into cheesecloth of a size
sufficient to avoid dripping, spreading the cloth loosely on a picce of paper
toweling at the top of the container. Seal the container and let it stand for
four days at room temperature (approximately 22° C., or approximately
72° F.), avoiding temperatures below 20° C. (68° F.) or above 30° C. (86°
F.). Remove and store the treated cormels in air at room temperature for
one to two weeks and then plant. If the ethylene chlorohydrin available is
the anhydrous chemical, prepare the 40 per cent solution from this by
adding one and threec-fourths volumes of water to one volume of the an-
hydrous chemical and mix thoroughly. If large amounts of cormels are
treated in closed rooms, avoid breathing strong concentrations of the va-
por, and at the end of the treatment open up the closed space and ventilate
it thoroughly before entering the room to remove the treated cormels.
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PRELIMINARY OBSERVATIONS ON THE TRANSLOCA-
TION OF SYNTHETIC GROWTH SUBSTANCES

MArio G. FERR1!

INTRODUCTION

It has been shown by Hitchcock and Zimmerman (14) that synthetic
growth substances can be absorbed from the soil by plants and trans-
ported upward as are mineral salts. The addition of those substances to the
soil proved to be the most effective method to induce the formation of ad-
ventitious roots on stems of tomato and tobacco plants. Indolepropionic
acid even caused roots to appear over the petiole and along the midrib of
leaves of tomato.

To detect the presence of the growth substances in tissues a certain
distance from the place of application, Hitchcock and Zimmerman used
several responses of aerial parts, such as bending, proliferation, root forma-
tion on stems, ctc.

Since the upward movement of the applied growth substance was af-
fected by conditions influencing the rate of transpiration (14, 15), it was
suggested that the movement occurred in the transpiration stream. The
tact that growth substances were able to move through dead tissues sup-
ported that idea. Furthermore, those substances could be absorbed by a
slit portion of stem containing a sliver of wood, but not if the bark alone
was immersed in the solution.

The present paper deals with the translocation of synthetic growth sub-
stances which have been applied to intact plants either as solutions poured
into the soil or as lanolin preparations applied around the stem. It is
shown that in both cases the upward movement was intense cnough to in-
duce rooting of leaf cuttings taken from the plant a certain time after treat-
ment and planted in sand. Experiments made with hardwood cuttings
gave some more direct evidence that the transport takes place mainly,
if not exclusively, through the xylem.

The present results may have some application on the general problem
of translocation of solutes. This question was open to discussion by Curtis
(5) who, basing conclusions mainly on results obtained with ringing ex-
periments, claimed that the upward as well as the downward movement
of foods is madc through the phloem and not through the xylem. He main-
tained this view in a scries of papers and the idea of transport through the
phloem, in either direction, was extended to mineral elements (6, 7, 8, 9).
According to Curtis, then, the xylem is mainly concerned with the trans-
portation of water.

1 Assistant Professor of Botany, Faculdade de Filosofia, Ciencias e Letras, Universidade
de Sao Paulo, Brazil.
Copyright, 1945, by Boyce Thompson Institute for Plant Research, Inc.
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Dixon (10) and Dixon and Ball (11) on the other hand defended the
view that both upward and downward transport of organic as well as of
inorganic material takes place in the wood. Their conclusion was based
mainly on calculations of rates of movement.

The opinion of several authors in relation to this problem lies between
these two extremes. Thus, Maskell and Mason (18, 19, 20, 21) showed that
the upward transport of inorganic nitrogen, phosphorus, potassium, and
probably some other ash constituents, as well as of carbohydrates, is
through the wood, while organic nitrogen and carbohydrates move down-
ward through the phloem. Crafts (4) also admits that certain solutes,
chiefly organic, are carried in both directions through the phloem, while
others, mainly mineral salts, are carried through the xylem. Clements and
Engard (2) criticized Curtis’ technique and presented good evidence sup-
porting the idea that the xylem is the main path of transport of salts.

Once more the problem was reopened by Gustafson and Darken (13)
who, working with radioactive phosphate, showed upward movement
through both wood and bark.

More recently Stout and Hoagland (22), using radioactive 1sotopes not
only of phosphorus, but also of potassium and sodium, concluded in favor
of the xylem as the channel concerned with the longitudinal movement of
mineral elements. From the wood the radioactive elements can diffuse
radially to the bark, but longitudinal movement through the bark was not
observed.

It had already been emphasized by Hitchcock and Zimmerman (14)
that the use of synthetic growth substances might give a clearer idea about
the whole problem of translocation of materials in plants, since they can be
detected in extremely small amounts and their use avoids the complica-
tions introduced by the techniques employed so far.

MATERIALS AND METHODS

The principal growth substances used in the present experiments were
B-indolebutyric and a-naphthaleneacetic acids. Indoleacetic and 2,4-
dichlorophenoxyacetic acids, potassium indolebutyrate, and potassium
naphthaleneacetate were also employed. Fresh solutions of these sub-
stances, at the desired concentrations, were prepared for cach test. Lanolin
preparations of naphthaleneacetic acid at the concentrations of s, 10, and
20 mg. per g. were also used.

Leaf cuttings of tomato (Lycopersicon esculentum Mill. var. Bonny
Best) and Cleome spinosa L., and hardwood cuttings of Hibiscus syriacus
L. were used as test objects.

In the case of leaf cuttings, 50 cc. of solution were poured on the soil of
potted plants (4-inch pots). After a certain period of time three (tomato) or
five (Cleome) leaves were taken from the plant. The petioles were cut close
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to the stem. The lowest leaflets were removed and those remaining were
trimmed to reduce and equalize the surfaces. The cuttings were then
planted in sand in a greenhouse bench.

Whenever lanolin preparations were used, the lanolin was applied
around the stem with a glass rod for a distance of about 2.5 cm. The place
of application and the time after which cuttings were made and planted,
as well as the region (above or below the treated zone) where cuttings
were taken, will be specified with the description of the experiments.

Control cuttings, from plants as comparable as possible to those treated,
were planted at the same time, under the same conditions.

Root counts were made about eight days after cuttings had been in
the rooting medium. In the case of lanolin treatment this period was in
general longer, about twelve days.

Segments of stems of tomato plants were killed by heat. The potted
plant was held in the horizontal position and turned over a microflame.
The dead segment was about 3 cm. wide beginning at 5§ cm. from the soil
surface. In a short time the dead segment shrank and showed a brown
color. By lack of turgidity it could not sustain the upper part of the plant
which bent down. The solution of the growth substance was poured into
the soil shortly after the segment was killed.

In some other tests stems of tomato plants bearing all leaves were cut
near the soil surface and their bases were immersed in boiling water to a
depth of 3 cm. for two minutes. The killed region was, however, much
broader—about 8 cm.—due to the cffect of the hot water vapor. The bases
of these stems were then dipped into a solution of a growth substance to a
depth of 2 ecm. Cuttings taken from these plants were prepared and planted
as indicated above.

In the case of Hibiscus cuttings, 50 cc. of solution were placed in 250
cc. beakers and the basal ends of the cuttings were immersed to a depth of
2 cm. Some of these cuttings were left with both wood and bark; some were
deprived at the base of either the wood or the bark for a distance of about
5.5 cm. In every case a pure lanolin band 1 cm. wide was applied immedi-
ately above that region (in the cuttings with bark and wood at an equiva-
lent distance from the base) to avoid a possible external rise of the chemical
by capillarity. At the end of 24 or 48 hours, as will be specified, the cuttings
were recut above the lanolin band (about 6 cm. from the base) and planted
in sand in the greenhouse. Control cuttings remained in tap water during
the period of treatment and were also recut before planting. As a previous
test showed, there was no difference in rooting of controls with or without
the band of lanolin; this was not applied to them in further experiments.
The time after which root counts were made varied around 20 days, de-
pending upon the type of cutting.

The size of cuttings at the time of treatment was in general 17.5 cm.
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and at the time of planting, after they had been recut, was about 11 cm.
Each lot was composed in general of three cuttings. Attempts were made
to have lots as comparable as possible, although in each lot cuttings might
vary in diameter, number of buds present, position in the whip from which
they had come, etc. Any important alteration concerning the method of
treatment or the type of cutting will be stated with the description of the
experiments. .
RESULTS AND DISCUSSION

The preliminary experiments are a combination of experiments pre-
viously made by other authors who studied either the absorption and
transport of growth substances applied to the soil of potted plants by re-
actions of aerial parts such as bending, stem proliferation, etc. (14), or the

TABLE 1

RESULTS OBTAINED WITH ToMATO LEAF CUTTINGS AFTER APPLICATION OF INDOLE-
BUTYRIC AcIiD TO THE SoiL. LENGTH (MM.) oF PETIOLE FROM WHICH RooTs EMERGED
9 DAYS AFTER PLANTING. CUTTINGS MADE 20 HOURS AFTER PLANTS HAD BEEN TREATED

Amount of
. Plants 11 Plants 7
inches ta inches ta
(m‘;;.le;;::'c:Lt) inch e inch s Average

) o ) o
1.0 o 2.8 1.4
3.2 5.8 1.8 3.6

10.0 16.2 48.9 32.5

32.0 76.1 8g.1 82.6

* Averages of 3 plants (9 cuttings).
** Averages of 2 plants (6 cuttings).

rooting caused by direct treatment of cuttings (16, 17). In the present
study the rooting of cuttings not directly treated, but taken from treated
plants, was observed.

Five lots of tomato plants, each including three plants about eleven
inches tall and two, seven inches tall, were selected, care being taken in
order to get lots as comparable as possible. Each treated plant in every
lot received so cc. of solution of indolebutyric acid. The concentrations
used were: o (tap water controls), 1.0, 3.2, 10.0, 32.0 mg. per 50 cc. of wa-
ter. Twenty hours after treatment, the three uppermost adult leaves were
severed from each plant, prepared and planted as indicated under the
heading Materials and Methods. After nine days in the rooting medium
the cuttings were removed and the length of the petiole from which roots
emerged was measured. The results of this test are reported in Table I.

These results show first that there is an upward transport of the syn-
thetic growth substance applied to the soil; second, that the amount of
chemical transported is enough to influence rooting of leaf cuttings; and
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third, that there is a direct relation between the concentration and the
amount of chemical put into the soil and the response of the cuttings. The
lowest concentration did not show a marked influence. With the highest
concentration roots are shorter, much more numerous, and emerging from
a longer distance from the base (Fig. 1 A).

Experiments comparable to the one just described were made to test
other substances. The results may be summarized as follows: a-naph-
thaleneacetic acid was more effective than indolebutyric acid at the lowest
concentration (1 mg. per 50 cc.); at the two highest concentrations (10 and
32 mg. per 5o cc.), however, indolebutyric acid was more effective. This
result parallels those obtained by Hitchcock and Zimmerman (17). They
observed that with talc preparations directly applied to cuttings of Thuja
occidentalis var. globosa, naphthaleneacetic acid was active at lower con-
centrations but indolebutyric acid had a broader range of effectivenecss;
and that in Euonymus the mixtures (indolebutyric+naphthaleneacetic,
indolebutyric+indoleacetic, and indolebutyric+ phenylacetic acids) were
less effective in the range 44 to 8o mg. per liter but more effective in the
range 16 to 44 mg. per liter than indolebutyric acid (17, p. 153).

Indoleacetic acid was less active than either indolebutyric or naphtha-
leneacetic acids; the minimum effective amount was, under the conditions
of the present experiments, 10 mg. per pot. One hundred mg. of indoleacetic
acid were about as effective as 32 mg. of indolebutyric acid. Although ob-
tained with a different method of treatment, these results arc in agreement
with those obtained by Hitchcock and Zimmerman (15) with direct appli-
cation which showed that indolebutyric and naphthaleneacetic acids were
more active than indoleacetic acid.

2,4-Dichlorophenoxyacetic acid, on the other hand, showed a much
narrower range of activity; 1 mg. per pot gave maximum results, being
about as effective as 32 mg. of indolebutyric acid. Even this concentration
proved to be excessive in several instances depending upon the size, age,
and other conditions of the plant (Fig. 1 B). One-tenth mg. of this com-
pound in the soil (4-inch pot) was enough to induce rooting above the base
on tomato leaf cuttings taken about 24 hours after treatment.

Another plant, Cleome spinosa, has also been tested. Table II shows the
results of two experiments made in duplicate, one for indolebutyric, the
other for naphthaleneacetic acid. The Cleome plants treated with indole-
butyric acid were about 6 inches tall, whereas those treated with naph-
thaleneacetic acid were about 8 inches tall. In every case each plant re-
ceived the amount of chemical to be tested, in 50 cc. of water. Cuttings
were made 68 hours after treatment with indolebutyric acid and only 24
hours after treatment with naphthaleneacetic acid. The results of one are
not then to be quantitatively compared with the results of the other. Only
the qualitative differences can be stated. Root counts were made 17 days
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after treatment with indolebutyric acid and 14 days after treatment with
naphthaleneacetic acid.

With indolebutyric acid there is first an increase in number of roots
proportional to the concentration, up to 10 mg. per 5o cc.; above this there
is a sudden decrease. With naphthaleneacetic acid there is a continuous
increase up to the highest concentration used, but at this concentration,
while the number of roots is much greater, their length is smaller than
with 10 mg. per 50 cc.; there is inhibition of root formation at the base of
the petiole; roots emerge from all the length of the petioles and in one case

TABLE 11

NuMBER oF RooTs INDUCED ON CLEOME LEAF CUTTINGS AFTER APPLICATION OF SYNTHETIC
GROWTH SUBSTANCES TO THE SOIL

Amount of Indolebutyric acid Naphthaleneacetic acid
chemical
(mg. per pot) | Plant 1* | Plant 2* lAverage" Plant 1* | Plant 2* | Average**
<) 0.2 2.2 1.2 1.2 0.6 0.9
1.0 2.6 1.6 2.1 1.6 2.0 1.8
3.2 4.0 5.6 4.8 2.4 4.4 3.4
10.0 5.8 6.6 6.2 §.2 6.4 5.8
32.0 I.4 ° 0.7 . rE 1]

* Averages of 5 cuttings.
** Averages of 10 cuttings.
*** Number of roots so great that counting was not practical.

roots emerged from the midrib of a leaflet; with all concentrations below
that, rooting was strictly basal as was the gencral case for indolebutyric
acid (Fig. 1 C and D).

These results obtained with Cleome confirm those observed with tomato
in showing that a plant can absorb from a solution poured into the soil,
and transport upward, synthetic growth substances in an amount sufficient
to influence the rooting of leaves taken from the treated plant. In this case
there is good indication that the movement occurs in the transpiration

FIGURE 1. A, B, and E, tomato cuttings; C and D, Cleome cuttings. A, B, C, and D, cut-
tings made from plants treated with a solution of growth substance; in cach case the amount
of chemical indicated was poured on the soil in 50 cc. of water. E. Cuttings made from plants
treated with lanolin preparations. Controls alwdys at left. A. Cuttings made 20 hours after
treatment with indolebutyric acid: o, 1.0, 3.2, 10.0, 32.0 mg., 9 days after planting. B. Cut-
tings made 24 hours after treatment with 2,4-dichlorophenoxyacetic acid: o, 0.1, 0.3, 1.0 mg.,
9 days after planting. C. Cuttings made 68 hours after treatment with indolebutyric acid:
o, 1.0, 3.2, 10.0, 32.0 mg., 17 days after planting. D. Cuttings made 24 hours after treatment
with naphthaleneacetic acid: o, 1.0, 3.2, 10.0, 32.0 mg., 14 days after planting. E. Cuttings
made 96 hours after treatment with naphthaleneacetic acid: o, 5, 10, 20 mg. per g. of lanolin,
12 days after planting.







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































