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Preface

At Central Agricultural Experiment Station, Department of Agronomy,
Tikkurila, Finland, field experiments and investigations with artificial
hormones were started in 1946. The investigations continued in summers
1947 and 1948. Principal attention was paid to the effect of these new
chemical compounds on different weeds and on the possibilities of using
them in crop production. Sprays have proved more effective than dusts,
but shortage of sprayers has for the present limited the use of artificial
‘hormones in Finland. Asartificial hormones are of great importance in
oil flax cultivations, where growth is greatly impeded especially by annual
weeds, several expériments have been carried out on oil flax. This book
is the first publication of the investigations hitherto carried out at my
department, and it is based.on the éxperiments conducted by Dr. J. PAATELA
during the growth season 1948.

Tikkurila, January 1949.
Otto Valle
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Infroduetion

Oil flax is a rather small cultivated plant, which does not give much
shade, and its development is at first slow. Therefore oil flax cultivations
are often heavily infested with weeds. Oil flax cultivation is succossful
only if the soil is free from weeds, and in rotation oil flax is usually grown
after grass land, potato or root vegetables. '

At the beginning of the current decade it was discovered in England
that some organic acids,f-indoleacetic acid (plant hormone called earlier
heteroauxin), and e-naphtaleneacetic acid with different structure from-
the former, applied in solutions at suitable concentrations kill many broad-
leaf weeds, but have no injurious effects on the growth of cereals. Soon
after this it was observed in England and U. 8. A. that some other synthetic
coumpounds, such as 2-methyl-4-chloro-, 2,4-dichloro, or 2,4,5-trichloro-
phenoxyacetic acid (2M-4K, 2,4-D, and TCP), and their salts and esters,
exert similar selective effects. All monocotyledonous plants, however,
are not resistant, nor are all herbaceous plants sensitive. Oil flax is a her-
baceous cultivated plant, which is much more susceptible than cereals but
which is more resistant than many of the most sensitive weeds. Therefore
it is possible to use artificial hormones *) for weed control in oil flax cultiva-
tions. As the safety margin between resistance and injury in oil flax is
much smaller than in cereals (wheat, oats, rye, barley), it is very important
to know the most significant factors affecting the effectiveness of artificial
hormones and to use these substances for weed control in oil flax in such a
manner that as effective control as possible is exerted but the amount or
quality of the crop of oil flax is not damaged. Such significant factors
are, for instance, treatment at the right stage of development, right amount
of suitable artificial hormones, and climatic and edafic factors.

0Oil flax is one of the most important oleiferous plants in the world,
and therefore weed control in oil flax is a question worth investigating. .
As it has not hitherto received much attention, the purpose of this study
is to contribute to the solution of this important question. In my work
I have been assisted by students HeLvi MARJANEN and Arni HANNINEN,
to whom, as well as to Miss ARMI A1rAs, who has translated the manuscript
into English, I want to express my thanks in this connection.

1) By artificial hormones or growth regulators we mean in this study synthetic organic

compounds, whose effect is similar to that of phytohormones (auxins) but which are not found
in plants.



I. Earlier investigations

The possibilities of using artificial hormones for weed control in- oil
flax have been so far little investigated in Finland. According to the
experiments conducted at the Central Agricultural Experiment Station,
Department of Agronomy, in summers 1947 and 1948 (so far unpublished)
oil flax resisted well e. g. the amounts of 1 kg. of 2M-4K per hectare applied
at the rate of 800—1 000 1. per hectare. BREITENSTEIN (4) observed in
practice that oil flax was not injured by the English dust Agroxon 1) or
by the Finnish dust Hormotox ?) applied at the rate of 200—250 kg. per

- hectare. This amount was sufficient to kill some weeds satisfactorily.

This question has received a little more attention in other countries.
The experiments conducted in Denmark have shown that careful applica-
tion of artificial hormones does not reduce the crop of oil flax, and that
it is better to use methoxon-compounds than 2,4-D-compounds (13, 16).
RASMUSSEN (14) mentions two experiments with 0.5 and 1 % Agroxon 3),
applied at the rate of 1000 1. per hectare. The average yield from un-
treated plots, containing 24 %, of weeds, was 1 640 kg. of seeds and 3 210
kg. of stems per hectare. In the treated plots the proportion of weeds
was only 1.0 and 0.5 % and the increase in yield obtained from these
plots was on the average 90 kg. and 10 kg. of seeds and 51 kg. and 58 kg.
of stems per hectare. '

Also in Sweden artificial hormones have been used for weed control
in oil flax cultivations. Thus JacoBsoN and BJOREKLUND (8), who report
the results of the experiments conducted in Denmark, Sweden, and Norway,
recommend for oil flax 5—7 1. of Agroxon or P46 ¢) per hectare. 2,4-D
compounds have proved more dangerous than methoxon compounds and
are not suitable for oil flax. The lowest amount (5 1. per ha.) is recommended
by them for control of Brassica campestris, Sinapis arvensis, Raphanus
raphanisirum, Thlaspi arvense, and Chenopodium album. If other weeds
occur, such as Cirsium arvense, the highest amount (7 1. per ha.) is re-
commended. Spray applications must never be made later than to plants
which have attained the height of 7—10 cm. Spraying at a later stage of
development may prove very dangerous, and at a very late stage, when
buds appear, spraying must not be given, for it may result in the destruc-

1y Contains 1 %, of 2M-4K.
2) Contains 0.5 9, of sodium salt of 2,4-D.
3) Contains 10 9, of 2M-4K.
% Prepared in Denmark and contains 10 % of 2M-4K.
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tion of the whole crop. According to them spraying at the right moment
has no effect on the oil content of seeds. — ABERG, HacsAND and VAARTNGU
(22) have investigated the effect of artificial hormones on the fibre flax
Concurrent, which is much more sensitive than oil flax. They observed
among other things that even such small amounts as 0.5 kg. of Wormosan
G1) and 5 1. of Agrowon applied at the rate of 1 000 1. per hectare greatly
reduced the amount of both seed and stem crop. The weight per 1000
seeds seemed to decrease, if the applied amount (4—6 kg. of Wormosan G
and 20—40 1. of Agrozon per ha.) of artificial growth regulators significant-
ly exceeded the normal amount, whereas these large amounts had no effect
on the germination of seeds. Spray applications made at different times
with sodium salt solution of 2,4-D (0.6 and 1.1 kg. per ha.) to plants at
different stages of development had no effect on the weight per 1000
seeds, germination of seeds or on their chemical structure, which, however,
was significantly affected by some other compounds. So, for instance,
spraying with 0.5—1 %, Weedone ?) increased the crude protein content
of the seeds by 2—3 9%, spraying with Agrozon by 0.6—0.9 %, while
the oil content decreased correspondingly by 3.4—5.8 % and by 0.5—
0.9 %. — Weed control in oil flax cultivations by means of artificial hor-
mones is most successful, if chiefly methoxon compounds (Agroxon and
P 46) are used and applied at the rate of 6—8 1. per hectare, or 60—80 %,
of the normal amounts given to cereals (22, 23).

Experiments with artificial hormones conducted in England (3) show that
methoxon compounds may be sprayed on oil flax without danger up to
a concentration of 0.2 9%, of the pure compound at the rate of 100 gallons
per acre or about 1100 L. per hectare. Sodium salt or acid suspension of
2,4-D must not be used in higher concentration than 0.1 %, and ester-oil
emulsions are quite unsuitable for oil flax. These maximum concentra-
tions can be applied only when the plants have attained the height of
3—4 inches (=7.5—10 cm.), and before they have attained the height -
of 12 inches (= 30 cm.).” Spraying applied at right time has no injurious
effect on the amount or quality of the seed crop, whereas spray applica-
tions made too early or too late may prove dangerous. Dusts, which are
less effective than sprays, are recommended by BLACKMAN and HorLy
to be used only where no sprayer is available, water is scarce, or when
the most sensitive weeds are eradicated. Dusts must be applied at the
rate of a little over 2 Ib. of the active compound per acre (= about 2.2 kg.
per hectare).

1) Contains 40 9, of amino salt of 2,4-D.
2) Contains 9.6 %, of 2,4-D.



II. Present investigations

A. Methods

The experiments, which were all -conducted during the growth season
1948 at the Department of Agronomy of the Central Agricultural Experi-
ment Station at Tikkurila, were sown in rows with sowing-machine, with
12—15 cm. spaces between the rows. The variety used was the Finnish
Tikkurila oil flax (former name T 0774, weight per 1000 seeds about
5 gm., period of growing short, on the average 92 days, that of Argentine
oil flax being on the average 100 days). The amount sown was approxi-
mately 100 kg. per ha. The plots, 5.0—6.0 m?2, in one experiment 63.4 m?
in size, were placed acdording to the usual row or block method. All experi-
ments were carried out with four replicates. Nearly all experiments (also
untreated plots) were as well as possible kept free from weeds, which were
pulled off with hands. Either the Danish Ginge knapsack sprayer or
the Swedish 7'T-Favorit horse-operated sprayer was used to apply the
sprays. The solution was applied at the rate of 1 000 1. per ha., or, if the
horse-operated sprayer was used, at the rate of 700 1. per ha. Dusts were
applied to moistened plants in calm weather through veil bags.

Seed crops were calculated on 98 %, purity and 90 % dry basis. The
effect of artificial hormones on the quality of crop was examined by deter-
mining the weight proportion of sound and membranous seeds in the crop,
the weight per 1 000 seeds, and, for a portion of samples, the germination
and oil content of seeds, and the refractive number .of oil.

Classification of seeds was conducted according to PAATELA (12, p. 10)
and the results are averages of 2 samples of 2.5 gm. each, Weights per
1 000 seeds are averages of 4 weighings of 100 seeds, germinations averages
.of the results of 4 germinating experiments with 50 seeds. Oil content
was determined -in TWISSELMANN’s apparatus by extracting for 4 hours
about 2 1. ether boiling at 34°C through finely ground and dried seed
samples. The results, expressed on dry basis, are averages of two determina-
‘tions deviating 0.7 at the most and 0.16 on the average. Dry basis was
.determined from two seed samples of 2.5 gm. each, which were kept for
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75 minutes at 120°C. Refractive number was determined with ABBE’s
refractomefer (nD 20°C) from oils obtained with determinations of oil
contents. :

B. Effect of time of treatment and of amount of

effective substance on development of oil flax,

on amount of seed and stem yield and on quality
of seed yield

L. Bxperiments with oil flax treated at different stuges of develogpment

Experiment 1. — The purpose of the experiment was to find
out the effect of methoxon and 2,4-D compounds on oil flax, if applied
at different stages of development and as sprays of different concentrations.
The plots, 6 m? in size, were arranged according to row method, number
of replicates 4. Treatments: o = untreated, b—d = sprayed with 0.05,
0.1, and 0.2 %, 2M-4K (= Agroxon), applied at the rate of 1000 1. per
hectare, e—f: sprayed with 0.05 and 0.1 9%, aqueous solution of sodium
salt of 2,4-D. Spray applications were made with the Ginge knapsack
sprayer at seven different stages of development. Dates of spray applica-
tions, the average height of plants at the time of treatment, and the mean
temperature on the day of treatment and during two following .days are
given below:

S ) ¢ Date of Alvertage theé_ght og g{ean ft‘%’.np?at“{e 63
weof doviopment ity vl e o ema
I ........ June 3 2.6, cotyledon stage 16.2
Ir ........ June 9 4.6 18.8
Ior ........ June 14 7.8 14.0
Iv ... June 22 12.5 16.6
Voo June 26 17.1 18.0
- VI ... July 2  30.0, bud stage 19.8
VII ........ July 13  41.5, flowering 16.6

After each treatmerit observations were made with regard to the effect
of artificial hormones, expressed as different degrees of stem curvature.
Notes were also made of the period, expressed in days, which passed before
the plants recovered, or again attained an upright position. The observa-
tions, which are averages of 400 marked individuals in every treatment,
are given in Table 1. Figures indicating the average rate of stem curvature
on each observation day were obtained by multiplying the proportion of
different stem curvature by the degree of curvature (0—4) and divided
by 100. A greater degree of stém curvature resulted in higher figures.
For methoxon sprays these figures are shown graphically in Fig. 1.
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Table 1. Effect of artificial hormones on stem curvature and recovery of oil
flox plants at stages I—VII of development. Rate of stem curvature shown -
by a scale 0—4: 0 = erect, 1 =about 45° bent, 2 = about 90° bent, 3 =
drooping, more than 90° bent, and 4 = lying on the ground or dead (= cotyle-
don stage) or drooping on the ground (= later stages-of development); cp.
figures 4—7 on pp. 28—24. Stages I—VII of development are the same as

1) 1 and 2 kg. of morpholine salt of 2,4-D per ha.
2) % and 1 kg. of morpheline salt of 2,4-D per ha.

on page 12.
2M-4K Sodium salt of 2,4-D Y
Stage of kg, per ha. kg. per ha.
develop- A | 1 [ 2 Yo | 1
me(‘i’;{;“d Average percentage of degrees of stem curvature 0—4 in 400 plants
o|1]2]s[4]o|1]2]s|4|o|1]2]s |a] 0 [1]2]8|4] 0 |1]2]3 |4}
I 3.6.]100 100 100 100 100
5,6.| 22|62(16 4/34|56| 6 3|22|66] 9 6 {70121 3y 4 129(b6| 11
6.6.] 682|110 2 1/44|45|10 0[40(50| 8| 2| 2 |73|16] 9 0 24|47 28| 1
8.6. 12(82| 4| 2 56826 0| 1| 0|51|43| 4| 2| 2 {5730| 11 2 131i50| 15| 2
10.6.| 54|46 42141(17 —|—|—| —|— Not completely recovered
12.6./100 —|—|— 20|52(24| 2| 2
15.6. 83|17 —| == —|—
16. 6. 100 80|12 5/ 0f 3
. 17.6. 100
1T 9.6.{100 100 100 100 100
- 10.6.| 56|39{ b 35162113 35(47/18 81 119 b4 |45 1
12.6.{ 83{16] 1 51(81}16| 2 5 52i36| 7 79 121 53 44| 3
14. 6.{100 —l—|— —| —|— Sl = —| — — |—=
15.6. 84116 30(57|12) 1| 191 |9 81 (19
16. 6. —— —— 100 — |=
17. 6. 100 68| 32 100
21.6. 100
11T 14.6.1100 100 . 100 100 100
15.6.] 89|11 71127 2 24 70| 5} 1 94 | 6 94 | 6
17.6.(100 38/62 413|794 100 100
19.6. 100 —|—i—
23. 6. 100
1V 22.6.1100 100 100 100 100
28.6.] 5|80(15 142|567 0| 0|45| 55 92 | 8 83 |17
25.6./100 81|15( 4 5(34|35| 26{ ]100 100
27.6 100 —| —|—
30.6 100
V 26.6.1100 100 1100 100 100
27.6.] 0/58(38| 4 0/ 6/88| 6 0/ 0| 0j100( J100° 100
28.6.| 68|24| 8 17(66|17 0| 0[16| 84
30.6.[100 62|34 4 0]14/78| 8
2.7, 100 19] 81
4.7. 100
VI 2.7.[100 100 100 100Y) 1007)
4.7.| 0] 789 4 0| 0/32(68 0| 0] 2| 98 0 | 0]14] 86 0 | 0f 0100
5.7, 1] 6|93 0] 0/89]11 0] O 7 98 0 | 0] 0{100 0 | 0/ 0/100] .
. 8.7 6911 3 0791211 - 0{20(74| 6 0 | 0/31] 69 0 | 0| 0{100
10.7.| 90|10 68(28| 4 5| 25(70 6 [28/57 9 0 | 5;73| 22
14.7.1100 —{— —|—
18.7. 100 —— Not completely recovered
20.7. 100
VII 13.7./100 100 100 100?) 100%)
100 100 100 100 100
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Average rate of stem curvature 0-4

0 A \

0 2468 024638 0 24 681012141618
Recovery in days )

Fig. 1. Effect of methoxon sprayings applied at stages

I—VTI of development on average rate of stem curvature

and recovery of oil flax cultivations. Broken line = 14,

unbroken line = 1, and dotted line = 2 kg. of 2M4K

per ha.

. The results given in Table 1 and Figure 1 are somewhat misleading,
for all treated plants, especially those at cotyledon stage, did not recover
completely. A number of the plants in the sprayed plots were namely
completely killed, as table 2 shows. Each relative number gives the average
of 400 plants in different replicate plots marked before the treatment
and recounted at the time of harvesting.

Table 2. Effect of artificial hormones sprayed at stages I—VII of develop-

ment on relative density of oil flax cultivations. Average density before treat-

ment at stage I = 156, at stage II = 158 plants per row meter. Stages
I—VII of development are the same as on p. 12.

Relative density of oil flax cultivations at the time
of harvesting

Stage of . 2M-4K Sodium salt of
develop- Untreated kg. per ha. 2,4-D kg. per ha,
ment % 1 9 % 1
I eee.n. 100 100 97 95 8 87
1 100 100 100 99 100 100

IIT—VIT ........ 100 100 100 100 100 100
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After recovery the effect of artificial hormones sprayed at different
. stages of development was chiefly observed as retardation of development.
Observations about the height of plants, flowering, and reaching of yellow
maturity are given in Tables 3 and 4 and in Figure 2. Heights are averages
of about 20 measurements. ’

Table 3. Effect of methoxon sprayings on the height of oil flax at stages I—VI
of development.

Height at time of treatment, average increase per day and final height (cm.)
Date 2M — 4K - '2M — 4K
Untreated ke, per ba. Untreated" - kg. per ha.
o | v | @ % | 1 | @
Stage I : Stage II
3. 6. 2.6 2.6 2.6 2.6 — — — —
9. 6. +0.3 +0.2 +0.0 +0.0 4.6 4.6 4.6 4.6
14.6. 0.6 0.1 0.3 0.0 +0.6 -+0.2 +0.1 +0.1
17.6. 0.4 0.7 0.1 0.4 0.4 0.4 0.3 0.3
22. 6. 0.7 0.7 0.8 0.4 0.7 0.8 0.2 0.1
27.6. 1.4 1.3 1.1 0.8 1.4 1.5 1.6 . le
29.6. 2.4 1.7 1.0 1.6 2.4 1.8 1.4 2.7
5. 1. 1.9 2.2 1.9 1.8 1.9 2.0 1.9 1.8
11.7. 0.8 0.8 1.3 1.6 0.8 1.2 1.6 1.6
20.7. 0.1 0.2 0.3 0.5 0.1 0.2 0.4 0.4
41.5 39.9 38.5 38.0 41.5 41.6 42.4 40.8
Stage II1 Stage IV
14.86, 7.5 75 7.5 7.5 — — — —
17. 6. +0.4 -+-0.2 +0.2 +0.1 — — —
22. 6. 0.7 0.6 0.5 0.1 12.5 12.5 12.5 12.5
26. 6. — — — — +1.2 +0.8 +0.5 +0.1
27.6. 1.4 14 0.9 1.1 2.3 1.0 0.8 0.1
29. 6. 2.4 2.1 1.9 1.7 2.4 2.0 1.5 2.0
5. 1. 1.9 2.0 2.1 2.0 1.9 2.1 2.2 2.0
11.7. 0.8 1.0 1.4 1.5 0.8 1.1 1.0 1.2
20. 7. 0.1 0.2 0.2 0.2 0.1 0.1 0.3 0.3
41.5 41.8 | 41.3 | 39.9 41.5 40.7 39.9 38.5
_ Stage V Stage VI
26. 6. 17.1 17.1 171 171 — — — —
29.6. +2.4 +1.7 +0.8 4-0.2 — — — —
- 2.1, — — — — 30.5 - 30.5 30.5 30.5
5.17. 1.9 2.2 2.1 1.9 +1.8 +0.6 +0.3 +0.2
11.7. 0.8 0.9 1.2 1.4 0.8 1.1 1.4 0.9
20. 7. 0.1 0.0 0.1 0.1 0.1 0.3 0.3 0.5
41.5 40.9 39.9 38.8 41.5 41.3 | 42.8 | 41.0

When the possibilities of using artificial hormones for weed control
in oil flax cultivations are investigated, it is important to know, what
effect such substances have on the amount and quality of the crop of
oil flax, with special regard to seed crop. For the present experiment
these facts are shown in Tables 5 and 6. Seed crops were expressed on
90 9, dry basis and 98 %, purity. Stem crops were weighed air-dry. As
a significant delay in maturity was caused in many experimental plants
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by artificial hormone treatments, if applied at stages VI and VII of develop-
ment — e. g. a number of green leaves were left on the stems — the stem,
crops of these stages are not reported here.

Table 5. Bffect of artificial hormones on the yield of seed and stem ') of oil
flaz cultivations treated at stages I—VII of development. Differences printed
in fat are significant at least at 5 %, level of probubility.

. 2M-4K. . Sodium salt of 2,4-D
. Stage of Untreated kg. per ha. kg. per ha.
evelopmen 3 Y,
and height % | 1 \ 2 % | 1
at time - Yield of seed )

of treatment + kg.

_k%al.)eri Rel, I p:gr ]iga' | Rel. I p:é:r l1{1%1| 1“el'| p:tle:r 1§1g511,| Rel. | per ha. ‘ Rel.| pde:r ];ga Rel.

I 2.6 1170| 100| + 160| 113| 4200 117| + 40| 103| — 150| 87| —400| 66

11 4.6 1830] 100+ 150| 112 +190| 115 + 80| 106|— 10| 99|+ 60| 105
IIT 7.8 1110| 100 |+ 136 111 |-+ 140} 113| + 100| 108{ — 20| 98| — 50| 95
IV 12.51 1160] 100| 4 160| 113| +120| 110| +130| 110{ - 70| 106 |+ 50| 104
v 17.1| 1280| 100 | + 100{ 108|+ 60| 105| - 10| 1014 O 100| — 20; 98

%) VI 80.0 1230| 100|+ 30| 103| + 50| 105| —110| 92| — 600 52| —850| 31|
SYVII 41.5] 1100| 100 | — 100| 91| —260| 76| —380] 65]— 130| 89 —540| 51

Yield of-stem

I 2.6 2020| 100]+ 150} 107} +170| 108] + 40] 102| — 190| 91| —340| 83
11 4.6] 2090| 100| 4 220 | 111| -+ 300 | 114 + 150 | 107| + 110| 105| + 90| 104
IIT 7.8 1830( 100| - 190| 111| 4 200| 111| 4+ 120| 107{ 4+ 50| 103| — 60| 97
IV 12.5| 1860| 100| + 170} 109| --200 | 111| +230| 112| + 80| 104|— 10| 99
V 17.1) 1890| 100| + 30| 102 + 70| 103| + 110} 106 [ — 30| 98| —120| 93

b
Minimum significant -
develop- kg. )
ment
Yield of Yield of Yield of \ Yield of Yield of Yield of
seed stem seed stem seed stem
1 164 314 16.63%** ’ 3.69* 4.8 5.2
1T 120 190 4.19% 2.8¢(*) 2.8 2.8
111 100 138 6.14%% B.15%% . 2.9 2.4
v 129 133 - 1.94 o DpTHE *3.4 2.2
v - 119 17 1.25 2.29 3.2 3.0
VI 141 —_ 67, 7H%* - 4.7 —_
VII: 125 — PER — " 48 —

BonniEr, G. and Tepiy, O. 1940: Biologisk variationsanalys. 325 pp. Stockholm. —
Haundledning i fsrsoksteknik. Lantbrukshogskolan, {Jordbruksforséksanstalten. Meddelande
No. 1, 203 pp. Norrtilje 1939.

2) 1 and 2 kg. of morpholine salt of 2.4-D per ha.
3) 15 and 1 kg. of morpholine salt of 2.4-D per ba,

794 49 ' 3
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Height in cenfimetres

0

0

Fig. 2. Effect of methoxon sprayings (1 and 2 kg. per ha.)
on height of oil flax cultivations at stage I of development.

10

20 30
Days after treatment

40

Table 6. Effect of artificial hormones, sprayed at stages I—VII of develop-

ment, on the quality of seed crop and on the yield of oil.

%  Sodtum sal .
of 2,d- 4K | Sodi 1t
devseﬁ?)%;‘;flt Untreated kg. per ha. kg. per ha. E kg%%e%lﬁa. k%flg?;.s]é'a
i g. per L,
1 M e e
of treatmen A T o 7 d (=
en. aﬁ(galgxgu‘g;gggugl ?zolr&;osrée?ifs siglugmp( (%s; = 1 ' 2 ! Y i 1
S| M| s 'M‘ S ‘ M’ ) ] M | s | M Weight per 1000 seeds gm.
I 26| 86 21 83| 2| 7| 5| 82 3 76 5| 5.0 4.9 4.8 48] 4.5
IT 46| 87 2 83 2 81 2 8| 2 80 1| 51 51 5o b2l b1
III 78 90 1 8 1} 871 1| 90 1| 89 1| 5.a| 5.1 5.0f 5.0/ 5.0
IV 12.5| 87 1 90[ 1 87 1| 90 1 88 1| 5. 5.2 4.9 4.9 4.9
V171| 89 1 90| 1| 88| 1| 86 1] 87 0| 5.1 5.2 4.9 b5a| 5a
1) VI 80.0; 87 1 73] 2 44 13| 29/ 10| 15| 21! 5.2| 5.0 4.3 4.6 3.9
HVII 41.5| 90 1] 41 18] 31| 28] 7 3] 11| 14| 5. 4.5 4.4 b5 45
’ Yield of oil (kg. per ha.) and relative number Qil content %,
I 2.6 443] 100| --72 116/+ 9|102|—59| 87|—158| 64| 42.8] 49.6| 42.4] 42.7] 42.0
III 7.8| 430, 100| 449 111]+30(107|—10| 98|—26| 94| 43.9| 43.4| 48.3 43.6| 43.4
V 17.1] 474] 100| 4-22| 105(+ 1]100|— 4| 99|—10| 98| 43.7| 43.7| 43.5| 43.4 43.
1) 1 and 2 kg. of morpholine salt of 2,4-D,
%) ¥ and 1 kg. of morpholine salt of 24-D.
Experiment 2. — The seven different stages of development of

the previous experiment- were treated, as -mentioned on p. 12, during
about six weeks under somewhat different climatic conditions. In order
to eliminate the differences in climatic conditions between different treat-
ments, another experiment simijlar to experiment 1 was conducted, in
which sprayings were applied simultaneously to plants being at four differ-
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ent stages of development. The experiment was sown in mouldy clay
soil on May 22, June 1, June 11 and June 21, at ten days’ intervals, at
the rate of about 100 kg. of 100 % germinating and pure seed per hectare.
The plants were arranged in plots of 5 m? in size and the treatments —
o = untreated, b—d = Y, 1, and 2 kg. of 2M-4K given as Agroxon, e =
1 kg. of sodium salt of 2,4-D, and f =1 kg. of morpholine salt of 2,4-D
applied as aqueous solution at the rate of 1000 l. per hectare — were
placed in four blocks. Spray application was made by means of Ginge
knapsack sprayer on July 1. The average height of plants at the time of
treatment and temperature on the day of treatment and two following

days are given below:
Mean temperature on day of

Stage of Average height of plants at 4
development time gof treatmen% (cm.) treatmentdigg g;év ()) following
I ........ 3.0, cotyledon stage 19.5
I’m........ . b.3 19.5
Imm ........ “19.2 ' 19.5
IV ........ 30.5, bud stage 19.5

Thus stages I—IV of development approximately correspond to the
. stages I, IT, V, and VI in the experiment 1. — The effect of artificial hor-
mones on the stem curvature and recovery, density, height, flowering,
and yellow maturity are shown in Tables 7—I10.

Table 7. Effect of artificial hormones on stem curvature and recovery of

o0il fluzx plants being at stages I—IV of development at time of treatment.

Rate of stem bending expressed according to the same scale as in Table 1 on
p. 13. Stages of development are the same as above.

i Sodjum salt Morpholine-
2M—4K kg. per ha. of 2,4-D salt of 2,4-D
| stage of kg. per ha, . kg. per ha,.
lop- ; ;
| ont, 1 % l 1 | 2 1
da-te Average percentage of degrees of stem curvature 0—4¢ in 400 plants
of1]2]|s]4 0]1|2|3|4]0|1|2|3|4|0|1[2|3|4|0[1|2 3|4
I 1.7./100 [100 100 | 100 100
-3.7.] .5169|23| 3 1| 20( 67| 12 0f23(58| 17| 21 3| 44{43| 9| 1| 0|31|53| 14| 2
6.7.| 3956 5 1177 8| 3| 1| 8{40/43| 6| 8| 3| 54|36| 5} 2| 2|59|29 6| 4
7.7.1 50| 46| 4 12(80| 6| 2 7/ 61|27| 4| 1| 7| 54|33| 3| 3| 4/5727 6, 6
12. 7.4100 —| = — — —|— —| —]—|— —t—| = —|—
14. 7. 100 —|— —] —— — || —|—
15.1. 100 16] 84 42140 8 3l 7
Not completely recovered
IT 1.7.1100 1100 100 100] 100 |
2.17.] 59(38] 3 16 71112 1 0| 4i60( 36 93| 7 0} 29} 56| 15
3.17.| 69/30] 1 16| 65| 19). 0| 7|69 24 95| 5. 0] 15| 69| 16
6.7./100 89| 11 22( 70| 8 — — 13| 68|19
7.1. 100 26169 4| 0] 1{100 —| =] —
8.1. 581 38| 4 880/ 11| 0|1
12.7. 100 — —
14. 7. 100
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Sodium salt Morpholine-
2M—4K kg. per ha. of 2, 4-D salt of 2,4-D
gtage of kg, per ha, kg. per ha.
L I R s :
date Average perceniage of degrees of stem curvature 0—4 in 400 plants
oufe| sfafof1[2]3]4]ofr]z]s]4] of 1]2[s]e]0[1]2] 8][4
ITI 1.7.[100 100‘ 100| | 100 100
2.7 6[42|51 1 0| 3/-82| 16 0} 0f Of 94| 6] 90| 10 0| 0| 0| 85[15
3.7.| 18;79| 3 17167/ 15 1 0| 0| 9 85 6] 95| 5 0f 0] 3| 79(18
4.7.| 90(10 31|61 8 0| 3(29| 66| 2100 0| 0]17| 68(15
6. 7.(100 76|24 0| 6/72| 22 0| 3|13| 84
7.1 87|13 0{12|78| 10 0l 1|10| 89
12.7. 100 —|=|— —|—|—
16. 7. 75|25 39|55| 6
21.1. 100 —|—
6. 8. 100
IV 1.7.4100 100 . 100 100 100
2.7. 0] 0f 0/100 0| 0] 0{100 0| 0| 0{100 0/100 0] 0j 0{100
4.7.| 27/ 691 4 0| 2|/98| b 0| 0]46] 54 0l 97/ 3 0| 0] 2| 98
6.7.| 59|41 0/20] 80 0] 0[89| 11 49| 51 0| 0]41] 59
7.7 91 9 0(46| b4 0 0194 6 76( 24 0| 0 0{100
15. 7.1100 89(11 14|83| 3 100 0[12|88
27.1. 100 —|— - Not completely
3.8. 100 recovered

Table 8. Effect of artificial hormones on the relative density of oil flax cultiva-
tions being at stages I—IV of development at time of treatment. Average
density before treatment at stage I = 167, at stage 1] = 184 plants per row

meter. Stages I—IV are the same as on p. 19.

Relative density of oil flax cultivations at time of harvesting
Stage of OM-AK Sodinm | Morpholine
development Untreated kg. per ha. szﬁg.%fe,‘;,,ﬁ;’?
%o 1| 2 1| 1
I . 100 98 ‘ 95 92 87 73
I 100 100 100 98 100. 98
III—IV ... 100 100 100 100 100 100
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Table 9. . Effect of artificial hormones on height of oil flax plants being at
stages I—IV of development at time of treatment. - Figures printed in fat
and subsequent figures indicate the real height of the plants, above fat figures
the height of the bent plants.

. or-
oM- 4K] Sodium p%\]%?irne . oM- 41% Sodium’ p%oliue
- . ha, - n- kg. per ha, .
Date f,rglnted ke. per S‘;{g%ferzfa'l) treated &r S?(]gt.(;)fef ’ﬁa_D
“ | 1 | 2 1] 1 | % | 1 | 2 | + ] 1
Stage 1 Stage I
1. 7. 3.0 before spraying 5.8 before spraying

2. .| — — — — — — 8.5 7.1 6.9 4.1 8.4 4.2

1 4. 7. 4.1 3.6 2.9 2.7 2.8 2.1 97| 10.0 9.6 7.3 9.6 T4
7.1 5.5 4.2 4.2| 3.4 3.3 3.2 127 1l2| 11.3] 9.1 10.4 8.0
14. 7.1 13.3( 129 117 9.0 6.5 4.8 224 21.9| 211 16.2| 19.6| 13.3
17. 7.1 17.8( 15.5| 12.9| 11.8 9.3 — 31.2| 81| 29.1! 28.3| 380.3| 22.1
20. 7.| 27.0( 28.5| 20.0| 17.0| 10.7 5.3 389.1| 39.1| 38.5| 358 87.8| 27.5
23. 7.1 86| 33.6| 29.1| 24.9| 16.7| 15.8| 48.4| 46.8| 442! 41| 423 37.3
26.7.] 451} 39.7| 39.4| 33.2| 18.8| 23.2| Bl.e| 50.1| 50.0| 47.1| 47.2] 450
29. 7.| B50.7| 49.2| 48.0| 4d.2| 34.5| 35.2| 52.5| Bl.2| 53.0! 49.0] 508 47.8
2.8.| 56.3| B5.0| 54.8| Bls| 44.0| 45.5) 52.8| 5l.6| 53.1| 50.2] 5l.o 48.3
7.8 59| b59.2| 578 b5.0| 45.9| 46.2| 53.0| 51.8| 53.2| 50.9] Bl.1| 488

Stage 111 Stage IV ’

1. 7. 18.2 before spraying 30.0 before spraying

2. 7.0 2211 20.6| 16.5| 1b.1| 22.0| 14.7| 383.0( 30.3] 28.9| 28.2] 383.9] 98.1
4.7 285, 25.4| 22.3| 14.6| 28.0| 14.8] 39.1] 35.3| 31.6] 283| 389| 984
7.7.0 383.2| 29.2\ 245 18| 30.2] 17.8| 42.3| 37.7| 83.8| 29.1| 40.5| 286
14. 7., 40.9| 37.9| 86.1| 29.0| 375 239 43.0( 4L5| 38.8] 35.0| 427| 3is
17. 7.} 42.1] .40.8| 39.6] 35.0| 38.8| 26.6] 43.5| 42.0( 39.8| 383| 43.0| 370
'23. 7.| 441! 42.8| 43.2| 39.8| 39.2| 311 44.1| 48.0] 42.0| 406 434 37.4
29. 7., 467} 4b5| 477| 4b.2| 40.7| 38.0| 444! 45.2| 45.0| 420 440| 392
2. 8. 479 46.8| 47.8| 45.8| 43.1| 38.8| 44.8| 45.4| 45.8| 492.1] 45.9 39.8
7.8.] 50.0| 47.0| 48.2| 45.9| 43.6| 38.9| 45.1| 45.5| 45.38| 42.8| 455 39.8

Table 10. Effect of arﬁﬁcial hormones on flowering and yellow maturity
of oil flax plants being at stages I—IV of development at time of treatment.

Flowering in treated
plants begun on the . N Treated plants entered
average later than Average, period of flowering yellow maturity on the
Stage of in untreated plants (days) average later than un-
development (days) treated plants (days)
and height at s AL Sod |
n odi-|Morp- odi- Morp- Sodi-|Morp-
t:::::n;’i " 2M — 4K um |holine }dg 2M — 4K um |holine| 2M — 4K um holixIl)e
1)
cm, kg. per ha. salt of 2,4-D| & kg. per ha. salt of 2,4-D kg. per ha. isalt of 2,4-D
kg. per ha, g kg. per ha, kg, per ha,
AR ENEE N AERE 11|12 1] 1
I 3.0 0’ 0( 1) 1 2113 13‘ 15116120 | 18] .0 0 0}- 3 3
11 5.3 0 1 11 1 3|12/ 15/ 14| 15| 15| 15| 0] 2| 4! ¢ 4
IIT  19.2 0 2 4 0| 141 14) 15/ 14| 18|16 18| 1 8 5] 1 7
IV 30.5 0| 1]14] 0f 21|11 23/ 21|27/ 16| 19|.3)10| 18] 3| 20

Figures indicating the average rate of stem curvature on each o bserva-
tion day were obtained by multiplying the proportion of different stem
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curvature by the degree of curvature (0—4)..
these figures are shown graphically in Figure 3.
3

For methoxon sprayings
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Fig. 3. Effect of artificial hormones onstem curvature and recovery

of oil flax cultivations atstages I—IV of development. Figures indi-

cate the average rate of stem curvature. Broken lin = 14, unbroken
line = 1, and dotted line = 2 kg. of 2M-4K per ha.

The results reported in Tables 3 and 9 are based on usual rough measur-
ing. They are averages of 20 individual plants selected at random in
different replicate plots. In order to obtain as accurate results as possible,
another experiment was conducted in connection with experiment 2, in
which the effect of methoxon sprays of different concentrations on marked
individuals was observed. Treatments: ¢ = untreated, b—e=1/;, 1, 1,
and 2 kg. of 2M-4K as Agroxon per ha. Measurings — the first measuring
on July 19 at 15 just before treatment, and after treatment every morning
at 9 at first, later at intervals of 2—4 days during 22 days — were made
from: a board placed on piles, which were hit in the ground and on a level
with it. The thickness of the board was added to each result of measuring.
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Figures 4—7 show best the stem bending and recovery of oil flax
treated at stages I—IV of development.

Fig. 4. Stem curvature and recovery of oil flax treated at stage I
Dying plant in the center. 1% natural size. Comparable with stage [
in experiment 1.

Fig. 5. Stem curvature and recovery of oil flax treated at stage II. /3 natural size.
Comparable with stage IT in experiment 1.
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Fig. 6.: Stem bending-and recovery of oil flax treated at stage IIL. i/g natural size.
Comparable with stage V in experiment 1.

Fig, 7. Stem curvature and recovery of oil flax treated
at stage IV. 1/; natural size. Comparable with stage VI
in experiment 1.
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The averages of measurings, which in each plot were made for 32—34
individual plants, are given in Table 11.

Table 11. Some observations about effect of artificial hormones (applied at
the rate of /s, V5, 1 and 2 kg. of 2M-4K per ha.) on height of oil flax.

Height at time of treatment, average increase per day andfinal height (cm.)
Days after 2M—4K kg, per ha.
treatment Untreated
s Y } 1 2
0 22.7 23.6 22.4 19.0 17.8
Y1 %) 1.3 1.6%# 9.9%¥% Ls* 16%*

2 2.0 11 . 0.6 0.9 0.9

3 1.8 1.7 0.7 0.4 - 0.2

4 1.6 1.4 1.0 0.3 0.2

5 2.0 1.9 1.7 0.6 0.4

6 1.8 2.3 1.9 1.3 0.6

7 1.8 1.5 1.4 0.9 0.8

8 1.9 2.2 2.1 1.7 0.8

9 2.8 3.3 3.0 2.1 1.7
10 - 2.1 2.7 2.9 2.6 2.3
11 1.7 1.8 2.1 2.3 2.5
12 1.2 1.4 1.8 2.0 2.0
14 1.2 1.3 1.3 1.8 2.1
16 0.9 11 1.1 1.5 1.7
18 0.6 0.6 0.7 1.0 1.0
29 0.3 0.3 0.4 0.2 1.0
31 | 52.9 | 53.x | b1. | 49.7 50.2

1y 18 hours after treatment. Subsequent measurements after 24 hours.

?) Mean differences I(m) on the average are: untreated = 4-0.077, 0.02 % = 4:0.070,.
0.05 % = 40.088, 0.1 % =i40.072 and 0.2 % = £ 0.081

The effect of artificial hormones on the amount of the seed, stem, and
oil crop of oil flax, and on the quality of seed and oil crop for experiment:
2 is shown in Tables 12—15.

Table 12. Effect of artificial hormones on yield of seed and stem ) of oil
flox plants being at stages I—IV of development at time of treaiment.
Differences printed in fat are significant at least at & %, level of probability.

Sodium Morpholine
Stage of 2M-4K salt ofl 2,4—Dp
develop- Untreated kg. per ha. kg. per ha.
ment and .
height at % | 1 ] 2 1 ] 1
time of |——
treatment Yield of seed
cm, . i o
kg}.mp.er Rel. [ ngrklii. | Rel. ‘pﬂérkhgé.‘ Rel. ‘ p:Ie:r kl;ga' Rel. p:grkﬁé..‘ Rel. "p:,e:r khga. Rel
I 80| 1480|100| 4 50| 103} + 150! 1107 + 70| 105|— 200| 86| — 360 76
IT 5.3 1670 100| + 30| 102| -+ 40| 102|— 90| 95]|— 140| 92— 410| 7
TIT 19.2 | 1500| 100 — 1501 90|—270| 82| —800| 80|— 140] 91| — 920| 39
IV 30.5 1520 | 100 | — 250 | 84| —290| 81| —580| 62|— 420] 72| —1220{ 20
Yield of stem
I.... 46901 100| 4+ 290 | 106 — 90| 98|—460| 90[—1280] 74| —1520| 68
IT.... 4730 100| —'410| 91| —570| 88} —690| 85|— 820] 83| —1090; 77
IIT.... | 2500! 100 — 150 94— 80| 97{-+270| 111|— 170| 93| — 340/ 86
Iv.... 2100 | 100 | 4 100| 105 | + 570 128 | -+ 640 | 131 |+ 140| 107 |+ 300{ 115

1) Minimum significant differences for yields of seed and stem required for significance
at 5 % level, F-values, and m 9% are given below:

4 .



26"

Table 13. Effect of artificial hormones on the quality of yield of seed.
Plants were at stages I—IV of development ut time of treaiment.

Average weight propertion of sound Weight per 1 000 seeds for the whole crop
(= 8) and membranous (= M) (= A) the sound seeds (= S), and membranous
seeds in yield seeds (= M)
Treatments I I 1T v
3.0 em, | 5.3 cm. | 16.2¢cm, | 30.5¢cm. I o m v
S{M|s|M|s|M|s|M|A|S|M|A]Ss|NM A A
Untreated ....|30|11[56| 4|73] 5|90| 1| 4.4(|b2|33| 51| —| —| 48] 5o
15 ke. of 2M-4K|30|14 (50| 6|73{ 3{83| 3| 4.4{b.a1{8.2| b1| —| — 4.9 5.0
1 —— ... 27|13|41| 4|73 4|82| b]| 4.6|5.1|3.2f 48| 5.1 3.3 4.8 4.6
2 —— ... 27(13(37| 7|67 11|66| 16| 4.6 |5.213.3] 4.7| 5.1| 8.3 4.7 4.5
1kg. of sodium| 1 -
salt 0of 2,4-D.|15|18129( 6|79| 4|83| 6| 4.4|5.2]3.2| 48] 5.1| 3.3 5.0 5.2
1 kg. of morp- '
holine salt of
2,4-D per ha.|13 (26 (20|11 (23| 23 (19| 37| 4.1(5.213.0| 4.5] 5.1| 3.2 3.6 3.5

Table 14. Effect of artificial hormones on o0il content and yield of oil. Prepara-
tions sprayed on plants being at stages I—IV of development.

Sodium Morpholine

Stage of 2M-4K salt of 2,4-D salt of 2,4-D
develop- Untreated kg. per ha. kg. per ha. kg. per ha.
ment and
hte_ight &}t I | 2 . 1 | 1

Ame of 1 g} . 0il . 0il . 0il . 0il .
treatment .| 0il _|_oil .| oil - 0il . 0il

cm, g%st kgﬁal’).er Rel. gg/,}lt kg}ié)‘er Rel. .ge:;;}lt kgﬁé).er Rel. &E/,}lb kg}ig{er Rel. gg/élt kgﬁ g).er Rel.

I 3.0/41.9| 546|100| 42.0- 58| 111| 42.4|+ 32| 106| 42.0|— 72| 87| 41.5/— 135| 7b!
. IT 5.3]43.31 639]100(43.3|4+ 13| 102| 43.3|— 36| 94| 43.3|— b4{ 92| 42.0]— 172] 73
III 19.2|41.7| 5531001 41.9|— 98| 82| 41.9|— 108| 80| 41.9}— 51] 91} 40.5|— 347 37
IV 30.5|42.3| 567(100| 41.5|— 116 80| 40.6|— 232| 59| 41.6|— 165| 71| 39.0|— 463 18

Table 15. Effect of artificial hormones on the degree of unsaturation of oil
indicated by refractive numbers. Preparations sprayed on plants being at
stages I—IV of development. '

Sodium salt of Morpholine salt
Stage of 2M—4K kg. per ha. 2,4~ " of 2,4—D
development | Untreated kg. per ha. kg. per bha.
and height at
time of treat- 1 l 2 1 1
ment —
Refractive number
I 30 1.4839 1.4839 1.4839 1.4838 1.4835
II 53 39 39 40 40 49
II1 19.2 32’ 33 32 32 31
IV 30.5 30 31 31 30 32
Minimum significant difference kg. F-values m %

development Yield of seed Yield of stem Yield of seed Yield of stem Vield of seed Yield of stem

Stage of
I 271
1T 213
111 221
v 186

575
791
396
441

3.46%

14.33%%* 7.1
45, 54%%* 2.02° 7.2
15, 24%%% 2.39° 6.9
35.86%H* 3.24(*) 6.6

4.6
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The purpose of the two experiments reported on pages 12—26 has
been to find out, whether oil flax is resistant to 2M-4K and 2,4-D compounds -
applied at different stages of development as sprays of different concentra-
tions. Before the obtained results are surveyed, a third experiment is
reported, in which the artificial hormones were given as dusts.

Experiment 3. — The experiment was arranged according to row,
method, the size of plots being 5.4 m?, number of replicates 4. Treatments:
o = untreated, b—c = treated by giving through veil bags 2 and 4 kg.
of 2M-4K (as Agroxon), the amount of carrier being 200 and 400 kg. per
hectare, d—g = treated by giving 1, 2, 2, and 2 kg. of sodium salt of 2,4-D
per hectare, the amount of carrier being 100, 200, 100, and 50 kg. per
hectare. The average height of the plants at the time of treatment:

Average height of

Stage of Date of
development treatment I%lraég%;aé;g :(;,g’e;lgf
I .......:.. June 6 3.0
IT .......... June 11 4.2

nor .......... June 20 s

The effect of dusts on the treated plants was slow at all three stages
of development. Only a slight curvature was observed and buds opened
in all plots almost simultaneously. Therefore, only the figures indicating
yield of seed are given in Table 16. '

Table 16. Effect of dust applications of artificial hormones on yield of seed.
Treated at stages I—III of development, and treatments a—g are the same
as above. Differences printed in fot are significant at 5 %, level of

probability.
Stage of a J b | c | d | Coe ’ f | g
develop-
Everidas Yield of seed
rontment| X X Ke K K + ke X
reatment| ke. per + ke. + kg |+ ke + kg. . 3 kg.
cm. hal,). Rel. | per ha. | Rel. | per ha. | ReL: | per ha. | Rel. | per ha. | Rel.| per ha. | Rel.| per hga. Rel.

138.0/| 1160|100 | +280|120| +200|117|—160| 86| —130| 88| — 90, 92| — 40| 96
11 4.2 1050|100 | — 90| 92| + 90|109 | -+ 40105 | - 40 |104| 4-150 | 115 + 30| 103
11 7.5] 1250100 | + 60|104| +100|107 | 4120 | 110 | 4-110 | 108| --120 [ 109{ +-150 | 111

1) Minimum significant differences at 5 % level of probability, F-values, and m % of
yields of seed are:

Minimum significant

Stage of developmet difference (kg.) F-value m % ‘
T, 217 < 4,20 6.1
8 276 . 0.70 . 8.2

I 160 0.89 3.9
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Discussion

In the three experiments reported on pages 12—27 different concentra-
tions of methoxon and chloroxon compounds were applied to oil flax
plants at different stages of development in order to find out their effects
on the development of the plants, on the amount and quality of seed and
stem crop, and on the quality of seed crop. These facts are of considerable
value, when the importance of artificial hormones with regard to weed
control in oil flax is investigated.

Effect on stem curvature and recovery

As the results given in Tables 1 and 7, and in Figures 1 and 3 indicate,
the plants attained the greatest degree of stem curvature within 1—3
days after treatment. If a methoxon compound (Agroxon) was used,
the average rate of stem curvature was usually intensified and the time
needed for recovery prolonged, if the amounts of effective substance per
unit surface area were increased. Significant differences in average degree
of stem curvature were also observed between different stages of develop-
ment. In experiments 1 and 2 the average rate of stem curvature for 1s,
1, and 2 kg. of 2M-4K applied at comparable stages of development was
this: I and I =12 and 13 days, IT and II = 8 and 7 days, V and III = 6
and 12 days, VI and IV =15 and 24 days. In the experiment 2 the time
needed for recovery was distinctly longer for plants at the stages ITI and
IV than for the plants at the comparable stages V and VI in the experi-
ment 1. At stages I and II no differences in average stem curvature of
plants were observed between experiments 1 and 2. — Of 2,4-D compounds
the effect of morpholine salt applied to oil flax at cotyledon or bud stage
was so great that the plants did not recover completely, but remained
more or less creeping on the ground. Also at other stages of development
the effect of morpholine salt spray on the stem curvature was greater than
that of a methoxon spray of double concentration. The recovery of oil
flax was prevented by a solution of the sodium salt of 2,4-D applied at
cotyledon stage. At other stages of development its effect, however, was:
not so great as that of a comparable amount of 2M-4K. This is probably
explained so that the aqueous solution of sodium salt of 2,4-D cannot
enter the plants to any considerable extent except at cotyledon stage.
This question will be considered again later (cp. p. 44). — In experiment
1 none of the applied compounds caused stem curvature at stage VII of
development. Experiments conducted in U. 8. A. (2, 9, 10, 15, 18) have
shown that growth regulators travel with assimilation products probably
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along the phloem into the stem causing bending in it, and that the rate
of bending increases with quickened absorption and translocation of the
effective substance. The quickest effect was observed under conditions
favourable for photosynthesis. Treatment with 2,4-D caused no or hardly
any curvature in dark, in cold, if CO, was lacking, or in stems treated
after the leaves had been cut off. Plants treated at stage VII had already
attained their final height by the time of treatment, which probably
accounts for the non-curvature in these plants. — As Tables 2 and 8 show,
all plants in the recovered plots, however, did not recover, but a number
of them died, especially if the treatment was applied at cotyledon stage.

Effect on height

The results of the effect of artificial hormones on the height of oil flax
cultivations, applied at different stages of development, are given in Tables
3,9 and 11. Within 18 hours after treatment (Table
11),0.02,0.05 0.1, and 0.2 % methoxon sprays appar-
ently caused a distinct stimulation in the growth
of o0il flax treated when 20 cm. high. Especially the
average height of plants treated with the 0.05 %'solution increased consider-
ably more (= 2.2 4-0.068 cm.) than that of untreated plants (=1.3
4 0.077 cm.). During the next seven days, however, the average height of
the plants in untreated plots increased distinctly more than the height of
other plants. Also other results (Tables 3 and 9) affecting the height of
plants show distinctly that, on the whole, growth during the next few
days affer treatment occurred at a slow rate, if high concentrations of
spray applications were used. ‘So the treated plants remained much smaller
than the untreated ones. This phenomenon, however, was not permanent,

for the average height of the plants treated before
they had attained their final height increased
considerably, and on the whole this increase was
greatest in plants treated with the highest con-
centration of the spray. Table 11 shows for instance that
11-—22 days after treatment the average height of plants treated with
0.2 % solution showed the greatest increase (=18.1 cm.), that of the
untreated plants the smallest increase (= 9.5 cm.). Thus in the reported
experiments the final height of plants treated with 0.2 %, methoxon spray
was at the most 4 cm. lower than that of the untreated plants. If treated
with a concentration of 0.1 %, they remained only 2 em. lower, at the most.
On the other hand, salt solutions of 2,4-D, particularly morpholine salt,
had distinctly injurious effects on the height of oil flax.
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Effect on flowering and reaching of yellow
‘maturity

In experiment 1 flowering was delayed 2 days at the most owing to
treatments applied at stages I—V of development. Treatment at bud
stage, especially if 0.2 % 2M-4K and 0.1 and 0.2 %, morpholine salt solu-
tions of 2,4-D were used, resulted in a more significant delay of 11—26
days. In experiment 2 the delay caused by 2 kg. of 2M-4K and 1 kg. of
morpholine salt of 2,4-D per hectare seemed to be more significant, if
the applications were made shortly before opening of buds. 0.1 %, methoxon
spray delayed flowering for 2 days, at the most, aqueous sodium salt spray
of 2,4-D for 1 day at the most (cp. p. 44).

Delay in yellow maturity also seems to have been dependent on the
date of treatment, the delay being more significant, if the treatment was
given shortly before opening of buds, and if the amounts of effective sub-
stance used per unit surface area was large.

Effect on the amount of seed and stem crop

The crop results of the experiments 1—3 are given in Tables 5, 12,
and 16. Morpholine and sodium salt sprays of 2,4-D caused the most
significant reductions in seed and stem crops. In experiment 1 no reduc-
tion in seed or stem crop was caused by treatments with sodium salt solu-
tion of 2,4-D applied at the rate of %4 and 1 kg. per hectare, if the plants
were treated at stages II—V of development (= 4.6—17.1 cm.). On the
other hand, at stage I, and at the comparable stage in experiment 3, as
well as at all stages in experiment 2 the effect was distinctly injurious.
Also other investigators (3, 8, 14) emphasize the dangerousness of 2,4-D
solutions to oil flax. .

The seed crop was reduced owing to methoxon treatments in
experiment 1 only if given at flowering stage (= VII) in experiment 2,
if given to plants which had attained the height of 18—381 em. (= stages
"III and 1V). Reduction in stem crop was only detectable owing to a treat-
ment given at stage II.

The seed crop was increased in experiment 1 by all methoxon
treatments given at stages I-—III (2.6—7.8 cm.), and in experiment 3 by
treatments given at stage I (3.0 cm.). It is not certain, however, whether
the increases in yield (40—80 kg. per ha.) obtained from the experimental
plot & (=2 kg. of effective substance per ha.) in experiment 1 at stages
Tand IT are due to spray applications. On the otherhand,the increases
in yield obtained from experimental plots ¢ and
d (=Y kg. and 1 kg. of the effective substance applied as spray, or 1 kg.
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and 2 kg. of the effective substance applied as dust) are cert ainly
due to treatments and show a variation of 130—
230 kg per hectare, or 11—20 %, the average in-
crease being 175 kg. per hectare, or 15 %.- Also in the
experiment 2 the plots treated by methoxon at stage I produced 50—150
kg. more seed per hectare than the untreated plots, though the differences
cannot be considered significant. : :

The stem crop was increased in experiment 1 by all treatments with
0.05, 0.1, and 0.2 % methoxon sprays applied at stages I—V (2.6—12.5
cm.),1) though the increases obtained at stage I and with a concentration
of 0.2 %, at stage IT and ITI cannot be considered significant. The proved
increases were on the average 210 kg. of air-dry stems.per hectare, or
about 11 %. In experiment 2 the air-dry stem crop was increased by
spray applications made with 0.1 and 0.2 %, solution of methoxon at stage
IV (80.5 cm., bud stage) with approximately 600 kg. per hectare. The
development rhythm of the plants was thoroughly disturbed and their
growth points at least partly destroyed owing to the treatment, but when
the plants recovered, they developed numerous side branches near the
growth point, and owing to these the crop increased. :

Many investigations have been hitherto published dealing with the
question of the importance of growth-regulating substances. More or less
distinet increases in crops have been reported, but, on the whole, these
increases have been attributed to the disappearance of weeds from the
treated areas. The increases in yield reported above
in connection with experiments 1—3 cannot, how-
ever, be due to more favourable growing condi-
tions as a result of.eradication of weeds, because all
plots (also the untreated omes), as already mentioned, were as well as '
possible kept free from weeds, which were pulled off with hands as soon
as they appeared.. The increases in yield are therefore
most probably due to the stimulation caused by
right amounts of methoxon compounds applied
at a suitable stage of development.

The thought that the growth of cultivated plants can be stimulated
and their yield increased by artificial hormones is not a new one. American
distributors of some of the preparations have reported, for instance, in-
creased yields and more vigorous growth of plants as a result of growth
regulator treatment, though such claims have not been hitherto confirmed
1, p. 7). ABERe (22, pp. 56—57) describes the increases in yield ‘(41 and
52 9,) obtained in an experiment on bean with very small amounts of
methoxon and 2,4-D,2) and observes that they are probably due to the

1y The increase is probably due to a slight increase in the diameter of stems.
2) 1 1. of AcroxoN and 0.1 kg. of WORMOSAN G per ha. - '
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growth-stimulating effect of these preparations. Also Seger oats produced
an increase in yield of 270—520 kg., or of 6—11 %, if 1—4 kg. of Wormosan
G (40 % 2,4-D) per hectare was applied to an area not heavily infested
with weeds. In this instance the increase in yield, therefore, could not be
due to larger growth space obtained with killing of weeds.

Very interesting is the question of the effect of different growing condi-
tions on the smaller or greater increase in yields of different plants caused
by treatments with various amounts of growth-regulating substances.
The answer to this question also answers the question of the re al growth-
reducing effect of weeds. The increases in yields reported hitherto are
not necessarily due only to more favourable growing conditions caused by
killing of weeds. Likewise, in experiments, in which the relative number
of a crop treated with-artificial hormones was e. g- 90, the growth-reducing
effect of the preparation may have been greater than 10 %, but owing
to the increase in yield due to more favourable growing conditions caused
by eradication of weeds the final relative number of yield was 90. Valuable
information with regard to these facts will be obtained in field experiments
with two parallel plots, one of which will be kept free from weeds.

In experiment 1 definite increases in vield were obtained, if oil flax
was treated with 0.05—0.2 %, methoxon solution at early stages of develop-
ment. But why were such increases not obtained, or obtained to much
less extent, in experiment 2 from plants treated in the same manner and
at comparable stages of development? As the results given in Tables 1
and 7 and in Figures 1 and 3 indicate, the greatest degree of average stem
curvature was usually attained within 1—3 days after treatment, after
which: the plants began to recover. The figures below show the mean
temperature prevailing on the day of treatment and during two following
days in experiments 1 and 2. '

Stage of development . Experiment 1 Experiment 2
L 16.2 C° 19.5C°
AL ... ... 18.8 19.5
VAT ..., 18.0 19.5
VIOV oL 19.8 19.5

The mean temperature on the day of treatment and two following
days was in experiment 1 lowest for cotyledon stage (I), or 16.2°C, highest,
or 19.8°C, for bud stage (VI), which was nearly the same as for all stages
of development in experiment 2. Yet the results obtained in experiment
2 for cotyledon stage showed the greatest similarity to those obtained in
experiment 1, and the least similarity for bud stage. Reduction in yield
does not seem to be due to higher mean temperature prevalent on the day
of treatment and two following days.
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Figure 8 shows the curves indicating the rate of growth for untreated
plants in experiments 1 and 2 during 6 days following treatment.
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Fig 8. Average rate of growth of untreated plants in
experiments 1 and 2 during 6 days following treatment
. cm. per day.

Figure 8 indicates that during the next few days follow-
ing treatment growing occurred at a higher rate
in the untreated plants of experiment 2 than in
the comparable plants of experiment 1. The figures
on p. 34, which give a summing up of the results reported hitherto,
confirm that the potential of development must have been for the un-°
treated plants of experiment 2 quite different from that of the comparable
plants of experiment 1:

72449 5
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1: I 2.6 - 41.5 71 0.55 1170 100 2020 100
2: 1 3.0 59.1 4 0.76 1480 126 4690 | 232
1: 1II 4.6 41.5 65 0.57 1330 100 2090 | 100
2. 1I 5.3 53.0 67 0.71 1670 126 4730 | 226
1: V 17.1 41.5 49 0.50 1230 100 1890 | 100
2: 111 19.2 50.0 58 0.53 1500 122 2500 | 132
1: VI 30.0 41.5 42 0.27 1230 100 1990 | 100
2: IV 30.5 45.2 38 0.39 1520 124 2100 106

The rapidity of growth at a given stage of development is.determined
by the joint effect of prevailing climatic and edafic factors, and it is greater
under favourable conditions. Vigorous growth e.g. depends upon vivid
assimilation and rapid translocation of assimilation products from, leaves.
Many american investigations (2, 9, 10, 15, 18) show that the artificial
hormones absorbed in leaves are translocated with assimilation products
probably along the phloem into the stem, and that the effectiveness of
translocation depends on the number of assimilation products transferred
from the leaves in one unit of time.!) This accounts among other things
for the greater influence of artificial growth regulators on plants growing
at a sunny place than on plants of like species growing in the shade. Like-
wise for the greater susceptibility of plants to the influences of artificial
hormones in spring and in summer, when their photosynthetic action is
vigorous, as compared to the end of the growing season, when little food
is produced by plants. The results of the present investigations reported
above have shown that a definite stimulation to height was caused by
artificial hormones within 18 hours after treatment, that the final yield
of seed and stem from plants treated at early stages of development (2.6—
12.5 cm.) increased, if growing occurred at the rate indicated in Table 3
and in the figures given above. If plants of the same height, but being
otherwise in more active state of growth, were treated in the same man-
ner, the effect was often opposite : the yield was reduced. This is probably
due to the slower rate of growth ih the treated plants of experiment 1 as
compared to the plants of experiment 2. Thus the plants of experiment 1
‘had time to utilize a part of the artificial growth regulator absorbed by
them to larger extent than the plants of experiment 2, and the injurious

1) No reserve food is transferred into the stem from very young, actively growing leaves (10).



35

influence of too large amounts of artificial hormones was mitigated. In
experiment 2 the translocation of artificial growth regulators into the stem
probably occurred more acutely and resulted.in more vigorous effects:
We may also think of such a possibility that the amount of hormones
produced by the plants themselves was in experiment 2 at the time of
treatment larger than in the plants of experiment 1, as the plants of experi-
ment 2 were in more vigorous state of growth. Therefore also the increase
in the amount of artificial hormones had a more vigorous effect.

Experiment 1 was sown at normal time (May 22), and the earliest
stages of development were treated under normal conditions prevailing
in Southern Finland at that time.') The last plots of experiment 2, how-
ever, were sown about a month later than normal. Thus the results obtained
in experiment 1 probably give the most accurate picture of the possibilities
of using artificial hormones for weed control in oil {lax in Southern Finland.
According to experiment 1 % —1 kg. of methoxon compound
(Agroxzon) applied as an aqueous solution at the
rate of 1000 1. per hectare to plants of the height
of 2.6—12.6 cm. had no injurious effects on the
yield of seed and stem, on the contrary, both in-
creased, the former on the average by 160 kg. or
about 14 % per hectare, the latter by about 210
kg. or about 11 % per hectare. As the concentra-
tion of % kg. per hectare is not sufficient to kill
less sensitive weeds, 1 kg. per hectare is the most
recommendable amount. According to the results of experi-
ments 1 and 2 in application of artificial hormones
attention must,however,not be paid exclusively to
the compound applied, to the amount used, or to
the height and stage of development of the treated
plants, but also to the rapidity of growth, which is
determined by both climatic and edafic factors. Actively growing
plants are more sensitive than plants growing
slowly, and thus smaller amounts of the effective substance are to
be used for the former than for the latter.

The obtained results agree with those reported by BrLAckMAN and
Horvy (3), as far as the amount and quality of the effective substance
are concerned. They declare, however, that it is of great importance to

1y Average climatic conditions prevalent during growth season 1948 at Tikkwrila and
deviations from normal.

onth dampgatue g Erdpiaton .
May ...ooovinnnnnnn, 8.4 - 0.9 47 + 0
June ...l 12.8 ~ + 2.0 53 — 29
July ..o 16.2  —0.3 70 — 28

August ...l 13.8 + 0.5 88 +21
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wait until the oil flax plants are 3—4 inches (= 7.5—10 e¢m.) high before
they are sprayed, and spraying must have ceased before they reach 12
inches (=30 cm.). The results of the experiments conducted in Scandi-
navia (8) suggest that oil flax should be sprayed, when plants have attained
the height of 7—10 cm., at the latest. This agrees with the results reported
above. The amounts recommended to be used in Scandinavia, 5—8 1. of
Agroxon per hectare (8, 22, 23) seem to be somewhat small for Finland.
On the other hand, treatment with normal amounts of dinitro-ortho-cresol
(DNOC) applied to fibre flax cultivations in Sweden in warm spring 1948
resulted in death of plants in several districts, and this warns us that in
some years the safety margin between the recovery and death of rather
sensitive plants treated with selective herbicides may be extremely
narrow.

Effect on the quality of crop

Classification of seeds. On the whole, the reduction in the proportion
of sound seeds and the increase in the proportion of membranous seeds
was dependent on the concentration of the applied methoxon solution so
that higher concentrations increased the proportion of membranous seeds
and decreased that of sound seeds (Tables 6 and 13). Treatment exerted
the most injurious effects at bud and flowering stages. Morpholine salt
of 2,4-D exerted the greatest influence, whereas sodium salt had injurious
effects only if applied at cotyledon stage.

Weight per 1000 seeds. With an increase in the proportion of membra-
nous seeds the weight per 1000 seeds decreased correspondingly. As far
as sound seeds are concerned, the treatments had no injurious effect on
the weight per 1 000 seeds (Tables 6 and 13).

Oil content (Tables 6 and 14) in the crops obtained from the plots of
experiment 2 treated with morpholine salt of 2,4-D showed the most
significant reduction (at bud stage in some instances 2.3 %) owing to a
considerable increase in the proportion of membranous seeds. Methoxon
compound had no injurious effect on the oil content of seeds, except when
applied at bud stage. The results do not disagree with the results reported
by other investigators (8, 22).

Refractive numbers (Table 15) indicate that the degree of unsaturation
of oil was reduced some units by morpholine salt of 2,4-D, if applied at
cotyledon stage, which is probably due to higher temperature in vegeta-
tions thinned by treatments, as compared to other vegetations (12, pp.
12—13, 65, 70). Differences between different stages of development, on
the other hand, are quite distinct and agree with the results reported
earlier (12, p. 17).
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With regard to the amount and quality of erop
weed control in oil flax cultivations should be
exercised with 1 kg. artificial hormones of metho-
xon type, and these substances should be applied
to plants at an early stage of development (3—
13 cm.). .

2. Experiments with oil flax treated at similar stage of development

Experiment 4. — The purpose of this experiment was to find
out the effect of different amounts of 2M-4K on the yield of seed, if oil
flax cultivations at the same stage of development were sprayed with
different amounts of 2M-4K in the morning or at dusk. The plots, 5.4 m?
in size, were arranged according to row method, number of replicates 4.
Treatments: @ = untreated, b =0.75 kg. per hectare sprayed in the
morning, ¢ = the same applied at dusk, d and e = 1% kg. per hectare
applied in the morning and in the evening, and f and ¢ = 3 kg. per hectare.
Treatment applied with Ginge knapsack sprayer, on July 5, the average
height of plants 18 cm. The effect of the treatment on the yield of seed
is shown in Table 17. '

Table 17. Effect of spray aplications of 0.75, 1%, and 3 kg. of methoxon
compound, on yield of seed.t) M = sprayed in the morning, B = in the evening.

2M-4K Yield of seed
’ kg. per ha, keg. per ha, Relative number
0 o 15501 100
0.75 M v veeeeeeeeann 4 90 106
075 B oo -+ 50 103
I M ... —340 78
1s E ..o —400 74
30 M ... . —980 37
3.0 B ... —870 44
Discussion

Treatment with 0.075 % solution did not result in reduction of the
yield of seed, but 0.15 and 0.3 %, solutions had extremely injurious effects.
Though the plants were at a very sensitive stage of development (8 days .
before opening of buds) at the time of treatment, and effective substance
was applied at the rate of up to 3 kg. per hectare, similar treat-
ments in the morning and in the evening did not
produce different effects on the amount of yield.

0/1) Minimum significant difference at 0.05 level of probability 175 kg., F-value = 55.59%**,
m Y, = 4.9.
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Experiment 5 — The purpose of the experiment was to find
out, whether artificial hormones used for weed control in oil flax cultiva-
tions can be applied by means of a horse-operated sprayer. The plots,
63.4 m? in size, (untreated plots 81.7 m?) were arranged according to row
method, number of replicates 4. Treatments: a = untreated, b—d =
treated by means of horse-operated 7'7-Favorit sprayer with 0.5, 1, and
2 kg. of 2M-4K (P 46) applied at the rate of 700 1. per hectare. Plants
were rather high at the time of treatment, June 29, on the average 15 cm.
The experimental area was not heavily infested with weeds. Their number

was counted only for an area of 1 m? in each treatment. Results are given
~ below:

 2MA4K (P 46)

Species of weed kg, per ha,

0 % 1 2
Number of weeds per m?
Chenopodium album . ............. 16 4 0 0
Brysimum cheiranthoides ......... 6 2 0 0
Galeopsis 8p. .......vovuiiioo. ... 2 1 1 0
Spergula arvensis ................ 4 2 0 0
Polygonum convolvulus ........... 3. 2 2 1
Stellaria media .................. 9 6 1 0
Viola arvensis . .................. 12 4 2 1
Polygonum lapathifolium .......... 1 0 1 1
Together ........................ 53 21 7 3
Relative number ................ 100 40 13 6

Also weed seeds were stored at threshing and assortment, and the
average yield per hectare of weed seeds from different plots show fairly
accurately 1) the effectiveness of artificial hormones with regard to different
species. The results reported above, as well as the effect of spray applica-
tions on the amount and quality of the seed crop of oil flax, are given
in Tables 18 and 19.

Table 18. Effect of P 46 spray on yield of seed of oil flax. Treated by
means of horse-operated Favorit sprayer
Yield of seed Quality of crop

Membra- Weight .

Sound G -

easments g por| Rel | Seeds mm | TR | %t
: % % gm, %
Untreated ........ 21430 100 75 4 4.8 93
Y kg, of 2M-4K | 4+ 20/ 101 80 3 4.8 9
1 —»— .. | + 60| 104 78 3 438 . 9%
2 —h— + 30| 102 81 4 4.7 .97

per ha. ........

. 1) The real seed crop of weeds scattering their seeds early and easily is not always found
out by means of this method.

%) Minimum significant difference at 5 %, level of probability 43 kg., F-value 8.58°, m %, 0.9.



39

Table 19. Effect of Yo—2 ky of 2M-4K (P 46) on yield of seed of the most
common weeds in experiment 5. Applications made by means of

horse-operated Favorit sprayer.

Yield of seed kg. per ha, (= a), relative number (= b),
and proportion of each species in the whole yield of
. weeds % (=¢)
Species of weed
2M—4X kg, per ha,
Untreated
Y | 1 2
Chenopodium album L ...| o | 74.204£6.84 6.004+2.03 0.13-4+0.03 0.160.06
b 100 8 0 0
c 62.6 20.0 1.2 2.1
Erysimum chetranthoides L) o | 15.654-2.70 3.004-0.01 0.53+0.14 0.2540.15
b 100 19 -3 2
[4 13.2 10.0 5.0 3.2
Galeopsis sp. vvevennn. a 1.974-0.46 0.404-0.13 0.02-40.01 0
b 100 20 1 0
[ 1.7 1.3 0.2 0
Spergule arvensis L ..... a 0.534-0.21 0.254-0.04 0.05--0.02 0.05--0.02
b 100 47 9 9
¢ 0.4 0.8 0.5 0.6
Polygonum convolvulus L .| o .23.28:[:3.7»7 16.98-42.00 7.634-0.82 5.551+0.62
b 100 73 33 24
[ 17.7 56.5 72.2 72.1
Stellaria media (L) Vill...| a 0.83-+0.18 0.70-+0.12 0.40--0.14 0.18-£0.15
b 100 84 . 48 ’ 22
¢ 0.7 2.3 3.8 2.3
Viola arvensis (Murr.) a 0.58--0.09 0.6510.16 0.184+0.03 0.074-0.01
Gaud. 1B 100 . 112 31 12
¢ 0.5 2.2 1.7 0.9
Polygonum lapathifolium L) a 0.934-0.06 0.75--0.18 1.154-0.20 0.5840.35
b 100 81 124 62
¢ 0.8 2.5 10.9 7.5
Fumaria officinalisL .. .. a 0.48--0.01 1.254-0.09 0.434+0.00 0.804+0.10
b 100 260 " 90 167
¢ 0.4 4.2 4.1 10.4
Galium spurtum L .. .. .. a 0.0240.01 0.064-0.02 0.05-4-0.,02 0.064-0.02
b .100 300 250 300
¢ 0.0 0.2 0.5 0.8
Together........... a 118.47 30.04 10.57 7.70
b 100 25 9 7
'Discussion

Though spray applications were made, when the average height of
the plants was already 15 cm., none of the amounts used (0.5—2 kg.
of the effective substance per ha.) reduced the seed crop of oil flax, or
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had any injurious effect on its quality. It is even probable that the seed
crop increased owing to the treatment by 20—60 kg. per hectare, though
the differences are not proved.

Of the weeds Chenopodium album, Erysimum cheiranthoides and Galeop-
sis sp.*) were eradicated or lost seeding capacity to considerable extent
already owing to treatment with 1 kg., Polygonum convolvulus, Spergula
arvensis, Stellaria media and Viola arvensis to less extent. The three last
mentioned species are generally considered rather resistant (11). In this
experiment the usual treatment with 1 kg. reduced
their seed crop on the average to 1/, treatment
with 2 kg sometimes to '!; of the average crop
~obtained from untreated plots, and the number of
weeds to /g and to '/y5 of the untreated plot. Polygo-
num lapthifolivm, Galium spurium, and Fumaria officinalis were resistant.

This experiment confirms convincingly the results of earlier experiments,
according to which it is not dangerous to use artificial hormones for weed
- control in oil flax cultivations, if only the treatment is given well before
bud stage and effective substance is applied at the rate of 1 kg. of 2M-
4K per hectare.

C. Importance of carrier to the effectiveness of
artificial hormones with regard to oil flax"

In connection of the survey of literature it was mentioned that oil
flax, on the whole, is most resistant to methoxon compounds (Agrozon,
P 46), which should be applied at the rate of 0.5—1.0 kg. per hectare
(8, 13, 14, 16, 23), or in some instances at the rate of 2 1b. per acre (=
about 2.2 kg./ha.) (3). 2,4-D compounds are not recommended at all,
or they should be applied in much smaller amounts. According to BLACK-
MAN and Horry even 0.1 % solution of sodium salt or acid suspension
of 2,4-D can be applied at a susceptible stage of development (= 3—4
inches to 12 inches or 7.5—10 cm. to 30 cm.), but ester-oil emulsions are
quite unsuitable.

Also the results of the present experiments indicate that 2,4-D com-
pounds had in general more injurious effects on the development of oil
flax, and on the yield of seed and stem than 2M-4K compounds. A sixth
experiment was conducted in order to compare the effectiveness of a
methoxon compound (P 46) with that of a 2,4-D compound (P 47) with
regard to oil flax. o

Experiment 6. — The substances were sprayed with a Ginge
knapsack sprayer on plants, 29 cm. in height, at bud stage (=4 days

1) G. speciosa Mill., G. tetrahit L., and.G. bifida Boenn.
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before flowering) on July 9. Treatments: @ = untreated, b and d =0.75
and 1.5 kg. of the sodium salt of 2,4-D, ¢ and e = 1.5 and 3.0 kg of 2M-
4K per hectare. Size of plots 5.4 m2, number of replicates 4. The effect
of the sprayings on the yield of seed is given in Table 20.

Table 20. Effect of spray applications of 2M-4K and 2,4-D (P 46 and P 47)
on yield of seed of oil flax.')

Yield of seed

Tfeatments : kg. per ha, Rel. number
a = Untreated .................... 1 680 100
b = 0.75 kg 2,4-D  per ha. ....... —160 90
¢c = l.s » 2M4K » » ....... —130 92
d =15 » 24D » oy . ... —230 86
e =

3.0 » 2M-4K » » ....... —460 72

The 2,4-D compound P 47 seemed to be more effective than the 2M-
4K compound P 46. Among the other results reported previously we also
find opposite results. So, for instance, in experiment 1 1 kg. of the sodium
salt of 2,4-D in aqueous solution did not result in so marked stem, curvature
at stages ITI—V than 1 kg. of 2M-4K per hectare (Table 1). In the same
experiment a treatment with 2,4-D did not retard maturity when applied
at stages II—V, whereas a treatment with 2M-4K caused significant
retardation (Table 3). The same was observed for stages II—IV in experi-
ment 2 (Tables 7 and 10). But at cotyledon stage 2,4-D proved more
effective than methoxon in experiments 1 and 2: it resulted in thinned
vegetations, in injurious effects on stem curvature and recovery, and on
the yield of seed and stem. Experiment 7 was conducted in order to find
out the reason for such sudden decrease in the effectiveness of artificial
hormones applied at a later stage of development.

Experiment 7. — Experimental plots, 1.5 m? in size, in which
the average height of the plants was about 15 cm., were sprayed on July
22 with @ = aqueous solution of the sodium salt of 2,4-D, b and ¢ = the
same added with 1 9% of emulsifying oil, d = aqueous solution of the
morpholine salt of 2,4-D applied at the rate of 2 kg. per hectare. Two
adjacent plots A and B were sprayed in each treatment. 15 minutes after
treatment the plants of B-plots were irrigated by giving them an amount
of water corresponding to 10 mm. heavy rain. 3 days after treatment
samples showing stem curvature were taken from plots A and B in each
treatment. These samples are shown in figures 9—11.

1) Minimum significant difference at 5%, level of probability =187 kg., F-value =
12.65%%* m % = 3.0. - :

6
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Fig. 9. Effect of aqueous solution
of the sodium salt of 2,4-D on stem
curvature of oil flax. Rate of applica-
tion 2 kg. of compound per ha. dissolved
in 1 000 l. water. Plants B (2 plants on
the right) were subjected to 10 mm.
artificial rain 15 minutes after treat-
ment. A = not irrigated. Samples taken
three days after treatment. !/, natural

size.

Fig. 10. Effect of aqueous solution of the sodium salt of 2,4-D, added with 1 9, emul-

sifying oil, on stem curvature of oil flax. Rate of application 2 kg. of compound

per ha. dissolved in 1 000 1. water. Plants B (3 plants on the right) were subjected

to 10 mm. artificial rain 15 minutes after treatment. A = not irrigated. Samples
taken three days after treatment. 1/, natural size.
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Fig. 11. Effect of aqueous solution of the morpholine salt of 2,4-D on stem curva-

ture of oil flax. Rate of application 2 ke. of compound per ha. dissolved in 1 000

1. water. Plants B (3 plants on the right) were subjected to 10 mm. artificial rain

15 minutes after treatment. 4 — not irrigated. Samples taken three days after
treatment. !/, natural size.

The effect of sprayings on the height of oil flax is shown in Figure 12.
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Fig. 12. Effect of 0.2 % 24-D spray applications on height of oil flax measured 11

days (= 1) and 26 days (= II) after treatment. Treatments: I = untreated, 2 = aqueous

solution of the sodium salt of 24-D, 3 =2 + emulsifying oil 303, 4 = 2 + emulsifying

oil Panfiz, § = aqueous solution of the morpholine salt of 2,4-D. Height of untreated plants
1 148 em., and of 1 1T 57 em, = 100. Shaded = not irrigated, unshaded = irrigated,

A (3

Table 21 shows the effect of 2,4-D spray applications on the opening
of buds.

Table 21. Effect of 2,4-D spray applications on opening of buds in plants

15 cm. in height at time of treatment.

Flowering delayed as compared
to untreated plants (days)

Treatments A = not irrigated B = irrigated
4 B
0.2 9%, aqueous solution of sodium salt of 2,4-D 1 0
Previous + 1 9%, emulsifying oil 303 ........ 9 3
The first -+ emulsifying oil Panfiz .......... 22 5

0.2 9, aqueous solution of morpholine salt of 2,4-D 14 11
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Discussion

As Figures 9—12,.and Table 21 indicate, only a slight stem, curvature,
retardation in growth or delay in flowering was caused by 2 kg. of sodium
salt of 2,4-D per hectare applied as an aqueous solution to plants, which
were on the average 15 cm. high. 15 minutes after treatment B-plots
were subjected to 10 mm. artificial rain, and the artificial hormone com-
pound on the surface of plants was so completely washed away by the
irrigation that no effect was observable. When spreading agent (1 %
emulsifying oil) was added to the aqueous solution, the compound entered
the tissues more easily and resulted in distinct stem curvature of the third
degree (cp. p. 13), a very significant retardation in growth, and delay in
flowering. The oil Panfiz seemed to increase the effectiveness of 2,4-D
compound more than 303. An irrigation given to B-plot 15 minutes after
treatment slightly decreased the effectiveness of the selective herbicide,
as shown by stem curvature, retardation in growth, and delay in flowering,
but owing to the spreader some of the herbicide, at least, was absorbed
by the plant tissues or attached to the surface of the plants to such extent
that all of it could not be washed away by the irrigation. Morpholine
spray applications proved much more effective than comparable sodium
salt spray applications, even better than the latter used together with
the spreader 303. An irrigation given to B-plot 15 minutes after treat-
ment decreased the effectiveness of the substance, but a distinct stem,
bending of the second degree, retardation in growth and considerable
delay in flowering were observed. With regard to the height of all treated
plants it was observed, as mentioned already earlier (cp. p. 29) that though
treatments at first resulted in retardation of growth, this was no permanent
phenomenon, and later growth became so vigorous that final differences
in height between treated and untreated plants were clearly smaller than
a short time after treatment. '

The results of this and other experiments (1, 17, 20) suggest that the
low effectiveness of an aqueous solution of 2,4-D on oil flax at other than
cotyledon stages, which was observed in experiments 1 an 2, may be due -
to the fact that the solution cannot easily penetrate the surface tissue.
At cotyledon stage, when the tissue is still delicate, a 0.1 9%, solution of
the sodium salt of 2,4-D was more effective than comparable Agrozon
spray, at other stages much less effective.!) Owing to spreader the prepara-
tion is spread on the surface of the plant in a thin film, so that the liquid
does not turn into drops and roll to the ground as easily as a pure water
solution, which has a greater surface tension.

1) In the experiment 6 the 2,4-D compound (P 47) was more effective thg,n'the 2M-4K
compound (P 46); it probably contains some substance decreasing surface tension (spreader).
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The preliminary experiment reported above, as well as the experiments
1, 2, and 6 indicate that with regard to the effectiveness
of artificial hormones both the compound itself
and the carrier used are of extreme importance.
The better the spray is attached to the plant, the more evenly it is spread
on the surface of the plant, and the better it is absorbed by the tissues,
the more effective it seems to be. If 2M-4K and 2,4-D compounds are
absorbed by the tissues with equal ease, 2,4-D compounds seem to be
much more effective than methoxon compounds.?)

1) In this connection a short mention may be made of the effect of isopropyl N-phenyl
carbamate (IPPC) on oil flax. In a pot experiment oil flax appeared to be almost as sensitive
as wheat, whereas pea resisted the substance well, and even clearly stimulated by it. The results
agree with those reported by Exwis (6). Thus IPPC cannot be recommended for eradication
of quack-grass (Agropyrum repens (I..)) and other graminous weeds from oil flax cultivation



Summary

1. The first detectable effect caused by artificial hormones, stem
curvature, was observed to begin within 1—6 hours after treatment.
The deepest degree of stem curvature was observed 1—3 days after treat-
ment. Spray'app]ication of the morpholine salt of 2,4-D produced the
most injurious effects, especially if applied at cotyledon and at bud stage,
and plants remained more or less creeping on the ground. Likewise, when
an aqueous solution of the sodium salt of 2,4-D was applied to plants at
cotyledon stage, the plants did not recover completely, but when applica-
tions were made at other stages, it was less effective than comparable
amount (=1 kg. per ha.) of 2M-4K, which is due to the fact that aqueous
solution is not easily absorbed by plant tissues. The average rate of stem
curvature caused by 2M-4K compound (Agroxon) was at a given stage
of development greater, if large amounts of the substance were sprayed
to plants per unit surface area. At cotyledon and bud stages the plants

were most susceptible to stem curvature, and at these stages also the
~ time needed for recovery was longest. Plants were least susceptible to
stem curvature immediately after cotyledon stage, when the average
height of the plants was 5—8 cm. The plants treated at the end of flower-
ing period did not show any stem curvature, nor was any significant cur-
vature apparent at any stage of development, if dusts were used for treat-
ments. :

All individual plants in the recovered groups of plants, however, did
mnot recover, but pait of them died, especially if treated at cotyledon stage.
The average percentage for treatments with 0.1 % methoxon spray was
4, for treatments with comparable amount of 2,4-D spray 13. Sprayings
with 0.1 % compounds applied immediately after cotyledon stage did not
result in any thinning in vegetations.

2. Sprayings with 0.02—0.2 9, solutions, espe(ually with 0.05 9%, solu-
tion, of methoxon resulted in definite stimulation in the growth of oil
flax within 18 hours after treatment. — In general the rapidity of growth
in the treated plants was during the days following the treatment dependent
on the concentration of the spray, so that higher concentration retarded
the growth and the treated plants remained much shorter than the un-
treated plants. Before the final height was recovered, however, the average
height of the treated plants increased, and the increase was greatest for



47

plants treated with highest concentration. -Thus the final height of plants
treated with 0.1 9%, 2M-4K remained only up to 2 cm. shorter than that
of the untreated plants, whereas the plants treated with 0.1 %, aqueous
solution of 2,4:D remained up to 11 cm. shorter.

3. The effect of artificial hormones on the flowering and yellow
maturity of oil flax was, on the whole, very injurious, if large amounts
of the compound were used per unit surface area, and if the treatment
was given shortly before bud stage. 0.1 9, methoxon sprays given at an
early stage of development (3—13 cm.) delayed flowering for 1 day, at
the most, and yellow maturity for 2 days, at the most.

4. Treatments with 0.05—0.2 % methoxon at an early stage of deve-
lopment (3—13 em.) did not result in any injurious effects on the amount
of the yield of seed and stem, or on the quality of seed. On the contrary,
under conditions, under which the growth of oil flax during the next few
days after treatment occurred at the rate of 0.3—0.6 cm. per day on the
average, depending on the stage of development, especially methoxon
sprays of 0.05 % and 0.1 % concentrations caused a definite increase in
yield, 130—230 kg. of seed or 11—20 %, and 170—300 kg. of stem per
hectare, which is probably due to stimulation. Sprayings given at a very
late stage of development (=some days before appearance of buds, and
especially at bud or flowering stage) had an injurious effect on the amount
of yield of seed and stem, as well as on the quality of seed, especially if
the treatment was given under conditions favourable for rapid growth,
or if the substance used was a compound of 2,4-D.

5. The effects caused by similar amounts of artificial hormones applied
on the sunny morning or on the evening of the same day did not show
any differences with regard to the amount of yield.

6. In the spraying experiment, in which the amount or the quality
of yield of oil flax was not injuriously affected by a treatment with 2M-
4K, applied at the rate of 0.5—2 kg. per hectare, many of the weeds
oceurring in the experimental area were killed or lost their seeding capacity.
Thus a treatment with 1 kg. of 2M-4K was sufficient for Chenopodium
. album, Erysimum cheiranthoides and Galeopsis sp. The seed crop of Poly-
gonum convolvulus, Spergula arvensis, Stellaria media and Viola arvensis,
which are considered rather resistant, was on the average reduced by a
treatment with 1 kg. per hectare to /5, by 2 kg. to !/; of the average seed
crop obtained from the comparable untreated plots, and their number
decreased to /g and to /,5 of the untreated plot. Resistant were Polygo-
num lapathifolium, Galium spurium and Fumaria officinalis.

7. 1 kg. of the sodium salt of 2,4-D in aqueous solution resulted in
more injurious effects than a comparable amount of 2M-4K given as
Agrozon, if applied at cotyledon stage. At other stages it proved less
effective than 2M-4K. If emulsifying oil was added to the aqueous solu-
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tion of the sodium salt of 2,4-D, the effectiveness of the compound in-
creased considerably. Owing to the added oil the compound also became
more resistant to rainfall.

8. At least in Southern Finland and in areas
with similar climatic conditions artificial hor-
mones seem to be of considerable importance with
regard to weed control in oil flax cultivations.
The best results are achieved by applying 1 kg.
of 2M-4K per hectare at an early stage ofdevelop-
ment (3—13 cm.). ‘
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Suomenkielinen selostus

Maatalouskoelaitoksen kasvinviljelysosastolla Tikkurilassa ryhdyttiin profes-
sori Orro Varren toimesta v. 1946 tutkimaan tekohormonien merkitystd rikka-
ruohojen torjunnassa. Kokeita on jatkettu vuosina 1947 ja 1948. Nijssé on kiin-
nitetty paahuomio tekohormonien vaikutukseen eri- rikkaruoholajeihin, varsinkin
sljypellavalla tavattaviin siemenrikkaruohoihin. -— Tekohormonit ovat keinolli-
sesti valmistettuja orgaanisia yhdisteitd, jotka vaikuttavat kasveissa tavatto-
man pienissd médrin esiintyvien hormonien (auksiinien) tavoin, mutta joita el
ole tavattu kasveissa. Tekohormonit tuhoavat sopivan suuruisina maarind annet-
tuina useat rikkaruohot, mutta eivat yleensd vaikuta haitallisesti viljakasvien
kasvuun eivitks satoon, mikili levitys on suoritettu viimeksi mainittujen ollessa
nuorella kehitysasteella. - Kaikki ruchomaiset kasvit eivat kuitenkaan ole yhté
herkkis tekohormoneille; Niinps erdit rikkaruohot tuhoutuvat varsin helposti
jo Y kg/ha suuruisella tekohormonimadralli, kun taas erdit toiset lajit eivit
tuhoudu edes 2 kg/ha suuruisella méaaralla. Samankin kasvilajin kestdvyys teko-
hormoneja vastaan saattaa kuitenkin huomattavasti vaihdella, riippuen mm.
sen kehitysastecsta, kasvinopeudesta seké kiytetysté valmisteesta. — Ruoho-
maisista viljelykasveista oljypellava kestds melko hyvin metoksoni-tyyppisia
tekohormoneja, joilla niin ollen voidaan torjus rikkaruohoja éljypellavaviljelylk-
silts. On vain selvitettivd, kuinka suuria médria oljypellava normaalioloissa
kesté# telohormoneja ilman ettd sen sadon mé#rs pienence tai laatu huononee, ja-
toisaalta, kuinka pienills maarills rikkaruohot saadaan tuhotuiksi. Késills olevan
tutkimuksen tarkoituksena on selvitells lahinnd kysymyksen ensimméistd osaa,
ts. miten 6ljypellava kestds eri kehitysasteilla ollessaan eri suuria teko-
hormoniméérii. Tutkimukset on suoritettu Maatalouskoelaitoksen kasvinviljelys-
osastolla kasvukauden 1948 kuluessa.

_ Seuraavassa yhteenvedossa esitetéitin saavutetuista tuloksista lahinng kaytéin-
nén maanviljelijad kiinnostavat seikat, jotka hinen on syytd ottaa huomioon
ryhtyesséin tekohormoneilla torjumaan rikkaruohoja éljypellavaviljelyksiltian.

Ensiksikin mité valmistetyyppiin tulee, ovat 2M-4K- eli metoksoni-valmaisteet
 (esim. Agrowone ja P 46) ehdottomasti suositeltavampia kuin 2,4-D-valmisteet,

jotka saattavat vaikuttaa hyvinkin haitallisesti sljypellavan siemen- ja varsi-
sadon mairain seki siemensadon laatuun (ss. 17, 25—-26). Tekohormonien kaytossé
on myés erittdin tirkestd ottaa huomioon, etts kasittely suoritetaan oikeaan
aikaan, seké ettd tehoavaa ainetta kiytetdén sopiva midrs. Suositeliavin kiyto-
mddrd on 1 kglha tehoavaa ainetfa (= 10 litraa esim. Agroxzonea tai P 46-valmis-
tetta) ruiskutettuna 700—1 000 litrassa vetté. Tamé madrd on vicensd myos
riittéva useimpien rikkaruoholajien tuhoamiseksi (ss. 38-—40). Oljypellava kestid
2M-4K-tyyppisia telsohormoneja parhaiten nuorelle kehitysasteella, sts. sen ollessa
3-—13 cm:n mittaista. Tosin talloinkin kisitellyt kasvustot taipuvat, niiden véri
vaalenee ja pituudenkasvu hidastuu, mutta ne ovat ohimenevii ilmisité, jotka
eiviit vaikuta haitallisesti lopullisen sadon médréén eivitks laatuun (ss. 13-—27).
Jos kiisittely suoritetaan sirkkalehtiasteella (2.5—38 cm), kasvusto k#rsii enemmaéan
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kuin hiukan mydéhemmills kehitysasteilla. TAmé& ilmenee mm. kasvuston harve-
nemisena ja voimakkaampana taipumisena (ss. 13—14, 19—20, 22). Sadon méi-
radn sirkkalehtiasteellakaan suoritettu kisittely ei kuitenkaan vaikuta haitalli-
sesti. Lilan myoha#n, sts. nuppuasteells tai hiukan ennen sitd suoriteitu kisit-
tely sen sijaan saatiaa vaikuttas eriidin haitallisesti siemensadon mddrddn ja
lagtuun (ss. 17—18, 25—27). Nain ollen kdsittely on varminta suorittas hets sirkka-
lehtiasteella taivivmesstidn kun éljypellava on kasvanut 13 cm:mm mitlaiseksi.

Oljypellavan rikkaruohontorjunnan kannalta on mitd edullisinta, ettd kisit-
tely tekohormoneilla voidaan suorittaa jo kehityksen alkuvaiheessa. Ensiksi-
‘kin 6ljypellavakasvustot saadaan vapautumaan rikkaruohoista hetkelld, jolloin
oljypellava hidaskasvuisena ja erittéin huonosti varjostavana saattaa helpoimmin
joutua rikkaruohojen tukahduttamaksi. Toiseksi ©&ljypellavalle jaa rikka-
ruohojen kuoltua kiytettéviksi enemmin kasvinravintoaineita ja vettd. Varsin-
kin viimeksi mainitun puute matalajuurisen éljypellavan ollessa nuorella kehitys-
asteella saattaa vaikuttaa erittéin haitallisesti sen kehitykseen. Niin ollen teko-
hormoneilla kisiteltyihin kasvustoihin kehittyvien kukkien lukuméa#ri, joka méd-
raytyy jo varsin aikaisessa kehitysvaiheessa, tulee, samoin kuin siemensatokin,
suuremmalksi kuin rikkaruohojen varjostamissa kasvustoissa. Kolmanneksi,
kun késittely suoritetaan oSljypellavan ollessa nuorella kehitysasteella, suurin osa
ruiskutteesta tulee kidytetyksi rikkaruohojen torjuntaan. Tiallsin nimittiin ruis-
kutetta levidé enemmin rikkaruohojen lehdille ja maahan, jossa sen rikkaruo-
hoja tappava vaikutus yleensd kestd# parin kuukauden ajan, kuin jos ruiskutus
tapahtuisi myéhemmin Sljypellavan ollessa rehevimp#d.

Tekohormonien kiyttd Sljypellavaviljelyksien rikkaruohontorjunnassa on kai-
kesta paittden menetelms, joka on omiaan lisdimasn oljypellavan viljelyvar-
muutta. Kun rikkaruohot saadaan pidetyksi kurissa, 6ljypellavan kasvuolosuh-
teet paranevat, josta johtuen sen sato saattaa, rikkaruohojen runsaudesta ja
koosta riippuen, oleellisesti lisaéntyd. Suoritettujen kokeiden perusteella nayt-
tdd myos siltd, ettd 2M-4K-tekohormonit em. sopivilla kehitysasteilla ja sopivan
suuruisina misring annettuina kykenevdt kithottamaan dljypellavan kasvua ja siten
lisdamddn oljypellavan siemensaton Keskimadrin 175 kg/ha eli 15 9% (ss. 17, 27).






