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I. INTRODUCTION

Thehdevelopment of 2,4-D as a selective herblcide has
been rapid and significant. However, 1% is still not clear
how 2,4-D kills plants or why 1ts action variles ﬁnder
different circumstances. 2,4-D in very minute amounts
produces symtoms in plants somewhat similar to those caused
by disease, and it has been suggested that there may be
substances which act as anti-toxins to overcome the effect
of 2,4~-D and that there may be still other compounds which
‘have synerglistic effects increasing or promoting its toxio

action.

Since.2,4-D is effective in such small quantities, 1tg

- !
mode of action may be modiflied by numerous unknown factors

both'intérnal.and externel. Experimental data show a greap

range of var;ation in résponse of plants to 2,4-D from

‘species to sﬁecies and between the result of experimental

work in the lsboratory or in the greenhouse and its appliocation

in the figld. |
The mechanism of action of 2,4-D r;presaata a scientific

picture puzzle. The nuzzle needs the assembling of various

pleces so that even#ually a true picture can be obtained. :

The present ;hvestigation was undertaken in the hope that j

1t would contribute some rleces in the puzzle. Materials

which might modify tbe nétion of 2,4-D were tested. In
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addition some of the natural factorﬁ which might have some
influence on the action of ?,4—D”wer§ also 1nvestiéated.
'VW1thin the plant aberrations and morphological chéngea of
the.chromosomes resulting from 2,4-D treatment.yere ob-
served., It is thélhopé that the findings reported hsre
would provido'some additional clues regarding the behavior
of growth regulators on plant growth and also provide inforf

mation which might eid in increasing the practicsal use of

2,4-D as an herbicides. . - PN




II. REVIEW OF LITERATURE

l., Carrier and Solvent

c

Mitchell and Hammer (46) first found that the addition
of carbowax compound to aqueous solution of 2,4-D increased
the effeéctiveness of the_acid in bringing! about growth
-r;sponses and morphologlcal change in kidney bean plants.
while a 0.5% solution of carbowax 1500 was proved to be non-
toxic. Application of relafively high concéntrations of
2;4-D in solution with carbowax kiiled the bean plants when
npplied either to the soil or above. ground portions,

However, Ennis et al (19) reported that solutions con-
talning above 9% carboﬁ%x 1500 were toxic to greenhouse
‘growing tomato plants and that soybean and kidney bean
leaves became yellowish when sprayed with solution contain-
ing 10 and 15% by weight of carbowax 1600, The 2,4-b
produced more highly significent 2nhibition of growth in
kidney bean when sprayed in s solutioq containing 0.5% of

i -

carbowax 1500, 1540, or 4000 than when applied in a wholly
- aqueous spraye |

Zimmermaﬁ (70) suggeétgd the .value of carbowax as a
co-solvent for increasing the concentr:-tion of 2,4-D in
aqueous solution. |

In laboratory studies Hopp and Linder (29) reported -

.that the addition of glycerin to various water soluble

S—
<
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herbicidal sprays, 1nclﬁd1ng sodium trichlorophenoxyacetate
and sodium pentachlorop/enoxyacetate, 1mproéed the
gffectiyepess of such sﬁrays.

According to Weaver et al (65) o0il is a better carrier
of 2,4~ preparations tﬁan water under certain conditiox;;~
as in rainy areas where the oll is less likely than water
to be washed off the plant.

Of some 50 organio solvents testea by Ennis‘et al (18),
only tributyl phosphate proved satisfactory as a solvent for
prepsring oil-miscible solutions of>2,4-D. Thé 2,4-D
readily dissolves in mineral oils. Tributyl phosphete
causes local burning of plant tlssues at points of direct
contact; such an effectfmay be desirable for herbicidal

purposes. This solvent is also capable of dissolving large

,amounta of 2,4 5~ trichlorophenoxyncetic acld, parachloro-
phenoxyacetic acid, 2-methy1-4-chloronhenoxyacetic aciq,

and other substituted p?enoxyecetic aclds,

—2, Mixtures of non-horméne and hormone with 2,4-D

|
Mangual (41) reporFed‘that concentrate 40 + 2,4-D and
011 emulsion fortified with Santophen 20 + 2,4-D bo'th
suppressed the population of commelina langicaulils jaco.
and ipomoea sp. more th the same nonselective sprays
without 2,4-D. The comPination s8prays 3150ugﬁppressed more

weeds than 2,4-D alone.f The results indicated that con-




centrate 40 and o0il emulsion fortified with Santophen 20,
when used as a combination spray with 2,4-b did not inhibit
the lethal effects of 2,4-D ang that it may be more
effective than either~non-aele;t1ve herbicide when used
alone on grass control.  In another .experiment on B:;muda
grass control, the ssme aﬁthor found that 2,4-D possibly
activated the constituents in concentrate 40, or vice versa
with a resulting synerglstic reaction.

Crafts (14) recommended that 1 1lb. of 2,4-D or 1its
equivalent as an'ester can be added to the conéentrato
consisting of 30 1bs. of medium gravity highly arogétic oil,
2 1lbs. of pentachlorophenol, 2 lbs. of oronite wetting agent
~and 95 gals. of water and that the reaulting emulsion spray
will kill grasses commelian, coque, beplcos, morivivi |
(mimosa pudica) and meny other weeds. In other words it
combines the virtues of a general contact herbicide with

. those of 2,4-D to give a apray that kills most of the weeds

of tfopical CIrops.

A )

'King (33) reported that certain indole naphthalene
and phenyl compounds snd those containing various forhs of
nitrogen, potgssiﬁm and phosphorus 'increase the herbicidal
activity of 2,4-D in the case df.water hyaclnth..

A number of workers (62, 4, 41, 14, 20) indicated that
the herbicidal activity of 2,4-D was greatly enhanced by
the use of highly toxic notivators such aa.arsenicals,



Ehloratos, sulfamates, and chlorinuted phenols; when
i ,
relatively small amounts of these toxicants were combined

|
Yith 2,4-D in spray mixtures.

1 ‘Hitchcock and Zimmermsn (28) found that mixtures of
| .
X-naphthaleneacetic acid and 2,4-D were more effective in
k

il1ling the roots of dandelion than elther of the indi-

-

idusl components.

Southwick (59) suggested that mixtures of 2,4-D and

i
|
|
? 4,5=tricholorophenoxyacetic acid should be more effective,

C ﬁarticularly on woody plents, than 2,4-U alone, on the

basis that 2,4,5-trichlorophenoxyscetic acid has proven

r’/

#ore effective then 2,4-0 for killing the shrubs and trees

and certain species of Rubus., r
} In some unpublished experiments of Zimmerman and
Hitchcock (71) 1t was found that 2,4-0 mixtures containing
?enoclop 3C, Sglfamate, or arsenicale are more effective.
in killing tomato plants than either component alone. These
ﬁixtureé were also more effective in killfng volunteer
seedlings of‘crabgrass,.amurtweed, purslane , snd chickweed.
Solutions containing 1 to 3 per cent Benoclor 2C and 0.05

%o O¢1 per cent 2,4~D were nearly as effective when appliéd
Juccessively to tomatoes after an 1ntervgl of twenty-four
H;ﬁra, as when appliéd a8 mixtures,

The same authors (71) also found that similar in- -

creasing activetion of 2,4-D was obtalned with




2,4,5-trilodobenzoic acid.
3. Activated Carbon

Lucas and ﬁ;nner (39) first found that preparations
of 2,4-D are inactivated“by adsorption on activated
charcoal. A solution of the water soluble powder containing
1,000 pepem. 6f the ﬁctive principle can be safely sprayed
on all but very young besan plants after being mixed and
shaken with 1 per cent activated charcoal, Norit A.

Weaver (68) demonstrated that plants which are
sensitive to the effects of 2,4-D could be protected by
.duating or by spraying (aqueous suspeneion) with an
activated carbon preparation (Norit A), or with a cation
exchanger (Zeo-Karb H) just prior to, orlimmodiately after,
dusting or spraying those plants.with 2,4=D preparations,
The ion exchange material seemed to be less effective in
this respect tqip the activeted carbon; lamp black and bone
black were only"partially effective. |

Arle et al.(9) reported that when roots of sweet
potato slips were treated with activated cérbon'priof to
planting in 2,4-D treated soll, the 2,4-D injury to sprouts
"was minimized while the control plants were seriously in-

Jured,




- 4, Cation EXchanger

~ wWeaver (67,68) reported that cation exchangers in the
hydrogen--cycle adsorbed much 2;4—D acid and its ammonium,
calcium and cupric salts, and in sbout equal smounts.
Anioq'exchangefs adsorbed much 2,4fb and 1ts salts but not
alwvays in equal amounts. Little or no 2,4-D or.ifs salts
was adsorbed b& éation exchanger in the éodiﬁm or calcium
form. 'Much'less 2,4-D was adsorbed/by Amberlite'IR IOO“B
ihen the pH of the solﬁtion was 3.3 than when 1t was 2,56

or lower; The ambunt of 2,4-D‘adsorb9d by ion exchangers
from solution varyi&g in concentration from 20 to 200 ppm
was in about direct propprtion to the concentration of
2,4-D in initial solution. |

The same author (69) employed varying ion ex&:angers‘

to inactivate 2,4-D. He found nddition of Zeo-Karb H or
Norite A to soil contéining 2,4-0 regulten.in a decrease
or in complete elimination of toxicity. In a greenhouse
experiment addition of Norite A at a c;ncentration of about
218 ppm decreased the Atoxic effects of 2,4-D pre sent;. in ‘t“:he
soil. Finely groﬁnd Norite A or Zeo-Karb H was dusted or
sprayed in aqueous suspension on Red Kidney bean, soybean,
white mustard or marigold. The nlants were then sﬁrayed
with aqueous 0.1% solutions of ammonium 2,4-D, sodium

2y4-D, triethanolamine salt of 2,4-D 1sopropyl ester of




2,4-D or BE 2,4-D or were dusted with a dust containing

BE 2,4-D. In most cases the toxloc effects of the growth
regulators were greatly decreased or completely eliminated’
by Norit A or Zeo-Karb H.

B Plant Extract

\
%
The addition of onion extracts to the sodium salts

of 2,4-D solution enhanced the activity of the herbicide
~according to studies made b&vLucaa and Hamner (38). The
activating effect of the onion extract 1s optimal if 1t 1a
prepared by diluting 1 part of onion with 20 to 30 parts
by weight of distilled water. Lower and higher dilutions
are less effective. ;r & dilution of approximate 1l:50 1is
exoeeded,'the ac%ivating effect i1s lost. These atudies
also indicated that water extracts of garlic were less
effgptive than onion extracts in 1ncreasiﬁg-the activity
of 2,4-D, that tomato extracts have no effect and that red
beet extracts actually inactivate 1t. They found no
significant change of pH whether in the addition of onion
extracts to 2,4-D salt solution or in the 1htroduction of
the 2,4-U salt into onion extracts, change of pH is not
the CQuse of activation of 2,4-D by onion extracts,

Spear and Thimann (58) tried to determine the effect
'of the onion juice on 2,4-u‘and found the effect is not

due to an auxin in the ohion Juice, but it resides in the
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‘ether-insoluble fraction of the juice. Ahalysis of the
Juice demonstrated a considergble content of reducipg
sugar, potassium and phosphagg; When these constitutents
in an approxlimate concentration as in the Juice are
substituted fof onioﬁ Julce, the& have nearly the same
effect. It is concluded that the action of onibn is due

to its content of sugar, phosphate and potassium ions,
6. pH Level

It had been reported by Dolk and Thimann (17) that

auxin solutions caused greater’burvatures in the Avena..

~~a

test when applied at a lower -pH.

Pa

Lucas and Hammer (38) succeeded in increasing the

action of 2,4-D salt by the addition of certain concen-

trations of citric and l-malic acid. Other organic acids .

having a similar pH did not produce the same effect.
° Hamner, Lucas end Sell (:i:4) reported later that the
pH range of 2.0 to 3.0 of unbuffered acid solutions gave

optimum results 1f sufficient phosphoric acid was used.

The titratable acid within its noninjurious range, rather ”%

than the pH value of a solutioﬁ, accounts for the increased
effect of the herbicide.

Lucas, Felber, Hamner and Sell (40) found that at
pHg and pHg buffered and unouffered solutions of 2,4-D

exerted similarly strong inhibiting effects on besn plants,
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At pHg, pHs, nHg, and pHy, however, the inhibiting effect

of 2,4-D was far greater in buffered than.in unbuffered

solutions. At pH levels of 8 and above, the relationship
between buffered and unbuffered solutions became erratio

end requires further investigations. ,

7. Age of Plant

Weaver, Swanson, Ennis and Boyd (66) studied fhe

ef:fect of 2,4-D in relation to stages of development of cer-

_tsin dicotyledonous plants. They found that cabbages at

younger atageé were killed by the 2,4-D at rates of 0.3

or 3.0 rounds per acre but the headed plants were little
inhibited in growth, Soyﬁean& at younger stages were for a
time severely retarded in growth and distorted by this com-
vound at a rate of 6.5 pound per acre'but at older stages
they showed less visible response immediately following
trestment although subsequent ylelds of beans were signifi-
cantly reduced. At rates of 0.1 and 1.0 pound per s'cre of
ammonfum 2,4-D young plants (8 to 12 inches high) could be

killed, plants at the early flowering stage set no fruit and

=b1ants at the early fruiting stage showed a reduction in yiéld.

At rates of 0.25 or 1.0 pound per acre of £,4-D young sweet
votato plants were killed and root development of older
rlants wes greatly reduced. The suscertibility of the sweet

roteto to the growth regulator decreased with increasing age




and size of plant,
' y
8. Specles of Plants

-

A. Grass family. Marth and Mitchell (42, 44) and

Avery (10)-first reported that it 1is possible by spraying

an established lawn of bluegrass or mixed grasses with

2,4-D to deétfoy the dandelion, narrow leaf plantaln and
. @

numerous other weeds while leaving the grass intact. The

bluegrass may turn a darker green but it seems to be un-

harmed.

%

“AQery (ld) found thut certain bent grasses (Agrostic

sp.) are much less resistant to 2,4-D than the bluegrass

(poa sp.). g

In kXngland Slade (55) found the same.results in

s

controlling yellow charlock (Brassica Kaber) in oat fields.

Both in Loulsiunsa and Puerto ~1co treatment of weeds‘
without damage to. sugar cane.has been obtalned by |
Arceneaux (8), Brown (ll) and Van Overbeck (€3).

To control weeds iIn rice fields in Loulsiana and
Texas 2,4~D 1s belng apolied iIn dust form from sirplanes.
However, Kraus and Mltchell (35) reported that in l=zboratory
experiments, rice plant 10 to 1? inches tall have been
damaged by emulsinns of hormones applied to the water in

which they were growing.

There are numerous experimental data on £,4-D control
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of weeds for wheat, flax, corn and other grains. Recommend-
ations are made regionally and will not be reviewed here.

Be Herbacaous Plants. Marth and Mitchell (42) listed

the following weeds as relatively sensitive to .2,4-D:
dandelion, narrow leaf plantain, Dutch white ‘clover,
chickweed, pigweed, woodsorrel, knotweed, broadleaf dock, —
.bindweed, and‘shiny pennyﬁort. 4

Hildebrandt (27) had controlled water-hyscinth
successfully by 2,4-D application. .

Praticaslly all broad-lenvéd garden plants are injured
by 2,4-D. '

However, certain broadleaved weeds are slightly
resistant to 2,4-D; for example, broadleaf giantain (Plantago
Mejor) and yarrow (Achillea millafoliun). Some of the most
troublesome weeds of the South are at least moderately
susceptible to 2,4-D éontrolg examples of these are alligator
weed (Alternanthera rhiloxeroides) (8,11), Wild garlic
(Allium'viheale) (57) and water-hyacinth (Elchornia
crassipes) (27). |

C. Woody Plants. Hamner and Tukey (23). and Anonymous

(3) found that,woody rlants whether vines, shrubs or trees are
less susceptible to 2,4-U then the herbacious plants. They
usually require larger dﬁounts of the hormone for killing

dose.

Anonymous (3) reported thet ester of 2,4-D kills

-~
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woody plants more readily than do the free acids or the
.salts. Sprays are ﬁore effective in killing suckers and
stump sprouts .than the main body'éf trees. \

. Of the conifers it was reﬁo}téd by Johnson (30) that
rines are susceprtible, at least, in the seediing stage. /
On the contract Hamner and Tukey (23) f%und Juniper is
resistant.

According to Southwick (59) the use of 2,4,54trichloro-

phenoxylacetic acid aldﬁe or combined with 2,4-D give a

best killihg of brush,
Many important limiting factors in brush control were

described at the Northesstern Weed Control Conference held

in New York City, February 1948,
9. Temperature

In studying the selective herbicidael action of mid-
summer and fall application of 2,4-D Hamner and Tukey (22)
1 found respohses of common weeds were least during hot, dry_
conditions of July. The responses were much more intense
ﬁnd affected a grester portibn of the plant when»growing
conditions were more favorable in lape August,

Marth and Davis (43) reported 2,4-D trdatment at the
greenhouse temperature of 75 to 900 F resulted in rapid
_kiiling’of Barbarea verna end Plantago lanceolata at 18 to

21 days; At 50 to 60° P, nowever, the time required to kill
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plants with the acid treatment was extended f&f 11 to 15
days longer while at 32't0'40°,F the treasted plants were
still 1living at the end of 50 days followlng spray
epplication. ‘

Also it was reported by Hamner and Tukey (23) thst
_application of 2,4-D as a foliage spray resulted in
better killing of several shrubs, vines and trees at time
of leaf ;ﬁergence during a warm period of 80 to 85° F in
early April than during a cool period below 50° F in late
April. e . |

Under Wyoming conditions Klingmaen (34) found that the
best time to ki1ll dandelion was from July 16 to August 156
t?eatment.

Hitchcock and Zimmerman (28) found that 2,4-D treat-
ments appllied in July were as effective or more so for
k1lling dandelion agd also for miﬁimizing recovery, as were
sprays applied in May, June, or September. This discovery
according to the investigators, 1s not in agreement with
the prevalent concept that dandelions are more effectively
eradicated in spring and fall than in midsummer.

Kelly (32) recently reported that the minimum
concentration of 2,4-D that brought about killing of Red.
Kidney besn plants varied from less than 0,5% at 50 C, 0.5
at 152 C and 0.01% at 25° C. In crabgrass about 30 to 40
per cent of -the killing at 25°.C was caused by the high



temperature 1tsslf or by some secondary factor since the
unsprayed control plahts exhivited yelloviing at that
temperature. -
10. Light
-« in studying the movement of the 2,4-D stimulus_

Mitchell and Brown (47) reported that the leaves of snap bean
saedlings responded 2,4-D ﬁore slovwly when the plants wéfe
in darkness than did the 1es§eé on 1lluminated plants, ‘

tieaver and DeRose (64) founa that hed Kidney bean |
plants growing in the lignt showed stem curvature more
rapidly than those growing 15 shade after 2,4-D treastment.
Average fresh weights of trifollate leaf blades also showed
significant difference betveen treated plants in sunlight and
shade. |

However, Penfound and minyerd (52) found that the
effect of 2,4-D on vean plants was the sare whether they
were placed in the dark, in diffused light or in direct
sunlight., Difference in the 2,4-D carriers used was sug-
gested as the source 6f the discrepancy in these investi-
gations where kerosene .as the carrier used by pénfound and
Minyard and water was used by the other workers mentioned
above,.

Penfound and Minyard (52) salso reported that 2;4-D in

kerosene caused grester epinasty and much greater necrosis
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of water hyscinth in shaded conditions while complete
‘destruetion'did not occur 1d‘any plants in full sunlight,
although several leaves of Jnall plants exhibited consider-
able necrosis. .In the shadJ the parent plant was killed

quickly, and all the offshoots showed oconsiderable necrosis

\
by the end of the experimendal period. In full sunlight,

however, 6ﬂly.a few leaves o?’the parent plant were killeqd,

the offshoots not only beingkinjured but increasing in num-

ber by 300%.
Thimann (61) ‘studied tbo influence of sun and shade
on the action of 2,4~ on some wood&'tropical plants. He
reported that the plants in;pa:tiﬂl shade and thqge sprayed
on the underside were slighaly less affected by 2,4-D after

|

12 days thun those sprayed oP the top in full sun.

Payne end Fults (50) activated 2,4-D the sodium salt
and butyl ester of 2,4-D, aﬁd 2-methyl-4-chlorophenoxysacetic
@o1d with ultraviolet light in the laboratory. In view of
their findings and begause QItraviolet light queiity and
intensity var& with changes in atﬁosﬁheric conditidns,
altitude, and season of yeay, these investigators suggested
that comparative tests of the herbicidal effects of these

activated and nonsctivated chemicals be conducted to un-

earth a nossilble explanatloﬁ of the varlable results se-

cured from uniform trials wﬁth 2,4-L and other similar com-
|

pounds at different places apd times,
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Rice (53) reborted there was no significant difference
between the amount of 2,4-U salt absorbed at 100 foot-
candles of 1light and at 900 foot-cendles at the .same air
temperature; the amount absorbed in the dark .waa aignifi-
cantly greater. But the relative fresh welghts of the trifo-
liate leaf blades of planfs treated at 100 foot-candles of
light were considerably greater than those of rlant s treated
at 900 foot-candles. He suggested that the rate of trans-
location of NH4 (2,4-D) from the leaf in the Kidney bean
is posiﬁivoly correlated with light intensity.

1ll. Rainfall

R

Weave;, Minarik and Boyd (65) studied the 1nfihenc§
of rainfall on the effectivenebs of 2,4-D sprayed for
herbicidhl pufposes. They found'ihen, 2,4-L was apblied
in oil solution, an immediate heavy fain ocaused no dimi-
nution in the response to the herbiclide. When aqueous F
solutions of the compound were used, rainfall often dé-
creased plant response. In greenhouse experiments the
" plant responaes were not decreased by artificiesl rainfall
if 6 hours of‘more elapsed betweeh avplication of the
chemical and artificisl rainfall, but in a field trial
rainfall occurring within 24 hours of aprplication reduced
effectiveness of the herbicide. They suggested that in

regions of frequent rainfall the use of an 01l carrier for

b
s
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a herbicide is advantageous.

Ennis, Thompson, and omith (18) found in the pre-
paration of oil sprays, tributyl phosphate can be used as

a co-solvent of 2,4-D,
1l2. Carbon Dioxide

Mitchell and Brown (47) reportéd thet the stem of a

bean plant whose leaf was trecated with 2,44b in aqueous
carbowax mixture and was supplied with air containing =

normél amouht of COo developed a marked curvature within
6 hours following treatment. In contrast the stem of the
plant whose leaf was supplied with COgo-free air falled to
- develop a purvature during the same period. Stem curvature
did not develop in plants whose treatedileavea weré sur-
rounded by COg-free air, even during‘a period of 17 hours
rollowing treatment.

15, Soil Moisture, Organic Katter, Temperature

and Lime on Retention of Toxicity

Mitchell and Marth (48) found that the toxic effect
of 2,4-D was reduced more.répidly in moist than in dry soil.
In warm, moist soill the toxicity of 2,4-v lasted for onlj
2 weeks, while in dry soil it rersisted for as long as 18
months; They conciudod that "it is apperent that the effec-

tiveness of the acid in killing weed seeds and seedlings in
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soil will depend in rpart upon the orgesnic and moisture con-
tent of the soil, upon the temperature to which 1t 1s sub-
jected, and upon the soil florg and fauna present." The
findings of DeFrance et al (15), Jorgensen and Hammer (31)
and Brown and Mitchell (12) also seemed to indicate that
increase in moisture content terids to hasten the dissipation
or the 2,4-D effect in the soil.

High temperatures were more favorable to the dis-
appearance of 2,4-D (Na salt) than freezing or subfreezing
temperatures, the compound being equally efféctive as a
weed seed killer under all these temperatures (31). Brown
and Mitchell (12) showed that with soils treated with 2,4-D
. and stored, the ﬁigher the storage temperature, the~gredter
was the rate of 1nact1vation of the compound. '

The relation of moisture content, organic matter con-
tent, and lime to the persistance of 2,4-D toxicity in the
soill has been studied by Kries (36). Her work indicates
that “the residual effect of 2,4-D persists for a.long per-
iod in dry soil and the toxicity in the limed soil lasts
for s longer period than in the unlimed soil. By adding
large smounts of leaf mold to the limed soil, she was able
to cause a atr;king reduction in the degree aﬁd persistence
of the 2,4-D. However, according to Hanks (26) the leach-

ates from limed and unlimed soils showed no significant

difference in toxicity. In contrast to the findings of
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Kries, Jorgensen and Hamner (31l) found that the difference
in so0il pH (4.5, 6.0,‘7.5) hed no effect on the rate of
loss of 2,4-D toxicity. '

l14. Leaching of Soil .

™~

In studying the persistance of 2,4-D in soils
DeRose (1l6) found that when a s0il was coﬁtaminated with
.2,4-D and then leached, the leachate contalned the com-
pound. Under “greenhouse conditions this herbicide d4id not
remain active in unleached soil for longer than 8 wééks.
in the field it d4did not peraist in the soil for more then
| 80 days after treatment.

Hanks (26) treated several soils representing a wide
range in pH and physical proﬁérties with lime, 2,4-D and
calcium salt.of 254-D, After treatment these soils wére
leached, and their leachates were tes;ed for relative
toxicities. Leachates from the peat soll were relatively
non:;oxic at the end of 2 weeks and the leachates of all
solls tested exoeﬁt those of the nesturally alkeline one,
were relatively free of the herbicide at the end of 6 wéeks.
There was no significant difference 1in toxigity between
the leachates from the limed and the unlimed soil; nor was
there any}significant difference in toxicity between
leachates from the soil treated with 2,4-D and from the soil

treated with the calcium salt of 2,4-D.
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15, Soil Micro-organisms

Brown and Mitchell (12) indicated that a light
application of manure to soil low in orgmic matter hastened
the inactivation of 2,4-D. Since micro-organisms thrive on
organic mitter and 2,4-D 1s an orgénicﬂcompqgnd, it 1s
assured that the higher the organic matter content, the
grester will be the number Of micro-organisms to decompose
the 2,4-D. Where the so0il was autoclaved which destroyed
thée s01l micro-organisms, the.2,4-D ﬁoxicity remained at a
high level during a period of at least 2 weeks. In contrast,
a lérge part of the 2,4-D in unsutoclaved soil stored under
the same condition of s0il moisture and tempersture was ine-
ectivated during the same period of time.

Martin (45) reﬁorted that soll microbes are apparent-
ly 'able to decompose 2,4-D_when grown in artifiéial media
containing the substance, | .

It has also been demonstrated by Stevenéon and
Mitchell (60) that some fungil and bacteria grow readlly on
agar media containing as much as 1,000 ppm 2,4-D. (1) |

Smith et al (56) indicated that concentration of 1
to 100 ppm of 2,4-D in s1lt loam and 55 ppm in sandy soll
"had no significant effect on the total plate counts,
actinomyces, fungi, and protozoa."

However, nodulation in legumes had either been re-

9
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—

duced or prevented by 2,4-v (13, 21, 651,.18).




III. EXPERIMENTAL /

1. Materials Which Greatly
Increase the Action of 2,4-D

A. Plastic Material Geon- 31X

Geon 31X is a polymer, furnished as a colloidal dis-
persion of modifiedvvinyl resin in water containing 55%.
total solias. It is negatively charged, spherical parti-
cles have a dismeter of about 0.2 mioron. By drying the
new Geon latex at room temperature, strong films and
léoatinge having good adhesion to paper, fabric, leather;
wood, etc., may be prepared. Films normally contain no
plasticizer aﬁd have low moisture vapar tranamission.
Besides forming films, thils new latex can be used as &
laminating agent which requiﬁes nqither heat nor pressure,
Furthermore, it demons trates good coagulant dip characteristics.

Physical properties of the latex are listed as follows

(table 1) » (2) .

Table 1

Physical Properties of Geon 31X Latex

Physical properties Geon 31X .
Color . " White
Mechanical Stability Good

pH . 7T-8.5
Total Solids ) _ , 650-55%
Specific Gravity 1.25
Surface Tension (dynesom) 34-40
Viacosity (centipoises) - 10-20

Particle Size (microns) : 0.2




Experiment I

(1) Method and Material

Seeds of Réd Kiédney beans selected for uniformity,
were planted November 1947 in 4" pots in the groenhouse;
Each pot<c6nta1ned two g;ants that were treated when the
first trifoliate leaf ';; expanding. Twenty plants were
used for each treutment.

Applicﬁtion of Z,4-D was made by dipping one.of the
primarj leaves of ezch treated plant into solutions con-
taining the sodium salt of 2,4-D in varyihg doncen@rations
of J, 5, 50, 250, and 500 ppm. After the solutions had
dried, the tréated‘leaves of half of the plants were
sprayed with a dispersion of 6% Geon 31X latex,

(2) Result o

Within 48 hours after treatment marked Aif ferences
were noted between the plaatic and nonplaatic.treated lots.
Curvature of the first internode and epinasty of the lecves
. were much more pronounced in the prlants which hsd re ceiﬁed
a plastic coating in addition to 2,4-D treastmsn t. Nine
days after treatment, all the plants that had been treated
with 5600 pom of 2,4-D were desd. In the group tested with

250 ppm, death occured in all the plants which had reccived,

in sddition to the 2,4-D, the 5% plastic coating. Those
plants that received only 2,4-D were beginning to resume

new growth. Although the stems were swollen and the leaves

{
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~,and,petioles:aoméihnt twisted, the plants were definitely
recovering from the treatment (Fig.l). In the group treated
with 50 ppm of 2,4-D, only those planta'that had received, .
in addition, a 5% spray of Geon 31X latex were severely
affected; some of the plants were dead, and those not

killed by the treatﬁent showed no new growth end no sign of
récovery (Fig.2). Where 5 ppm of 2,4-D was used, the
addition of the plastic dia not increase the response of’
the plants. ) '




Fige 2

Plate I

The effect of Geon 31x in increasing the
action of 2,4-D salt.,

Bean plents on tuace lef't were treatea wits 280 ppm
of 2,4-D salt by diy.ing one of tne primary leaves
in the solution of i,4-D, Plants on the rignt
received tane same concentration of 2,4-D, but , in
addition, tane treated leaves were spruyea wita by
of Geon 31x,

By the sage metunod 9f &y lication as mentioned

‘above bean plants on tne lefi were treuted with

L0 ppm of :,4-D, PlLants on the rizut receivea
the same concentration  of 2,4-D, but , in addi-
tion, witi 5% of Geon olxX.







Experiment II

(1) Method and Material

In this experiment the plastic material was added
directly to the solution of Na2,4-p, Ten~day-o0ld Red Kidney
" peans planted December 1947 were used as the experimental
‘material, and applications were made by.placing a single
drop of the solution on the base of one of the primary leaf~
blades. Pipettes which releaggd 0.05 ml of solution were
used for applying the drops. The amount of Na2,4-D used
in all the solutions remained constanp at 1,600 ppm; the
amount of plastic material added to the 2,4-D however,
ranged from 0% to 1, 6, and 104, The plants were harvested
2 weeks after treatment, and the average fresh welight of
growth above the primary leaves was recorded for each
treatment. |

(2) Result

bDifferences between treatments were noted a few hours
after application. It was evident that the response of the
bean plants was directly proportionsl to the concentration
of the plastic in the solution. The plants treated with
2,4-D plus a 10%'c§ncentration of the plastic showed the
greatest degree of inhibition. Those treated with 2,4-D
and a 1¥ concentration of the plastic, although not so
severely inhibited as those with the 10% plastic, were

nevertheless much more affected than those receiving only

- ’ %
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2,4=-u (Table 2). * No inhibiting effect was notliced when the
entire plant was sprayed only with the Geon 31X latex in

concentrationsof 1, 5, and 10¥.

Table 2

. Fresh Weight of bean shoots determined 14 days fter
treatment with 2,4-D salt and Geon 31X latex’/

Treatment Average welght ol Avergge Weight

(2,4-D at 1,000 ppm) ‘Shoot/ plent (gm)#¥  of shoots on
per cent basis
: 2,4-D=100

Untreated . 2.45 144
2,4-D salt 1,70 100
2,4-D salt plus _

1% Geon 31X latex 39 23
2,4-D salt plus

5% Geon 31X latex 25 14
2,4-D salt plus ‘

109 Geon 31X latex 23 13

£ The weight represents all grow;h sbove the primary leaves,
4 Twenty plants were used for each treatment,
Experiment III

(1) Method and Material

Two methods of treatment were used:

a. Young oat seedlings approximately 4 inches tall
were treated January 19?8 with sprayslcontaining»l,ooo and
3,000 ppm of Na2,4-D. In addition to 2,4-D some of the
sprays contained Geon 31X latex at 6, 12, and 26%. Since
water spray of 2,4-1 did not stick well on the leaf surface

of oats when 1t was used alone, a little soap powder was

-



added as aticker;

De Theksame oat seedlings were treated with a f ow
drops of the above materials‘pround the base of plants
near the soil,

(2) Result |

Two dayé after treatment plants treated with 2,4-D
alone showed no effect. Those which received 2,4<D at
3,000 ppm together with 25% Geon 31X latex became pale
in color and leaf blades turned down, shrinking and finaliy

yellowish. Those which received 2,4-D at 1,000 ppm in s

addition with 25% Geon 31X showed the ssme response t not
as'ébvorely. Plants which were treated by covering the
bese of plant body with 2,4-D at 3,000 ppm and 26% Geon 31X
bent in the treated region near tﬁe soill surface., No
visible respronse was seen with the rest of the treatments,
Ten days later nlmodt_yll the plants treated with
2,4=-D % 3,000 ppﬁ together with Geon 31X at 25% were QQad.
Scatjtered survivals froh: treatment were very weak, could
not stand up straight and aprawled on the pots. New
growth of them was arrested. Flants treated with 2,4-D
at 1,000 ppm together with Geon 31X at 25% were also in-
jured, but otherwise not as severely and only few of them
died. Those treated on the base portion of plsnt body with

2,4-D at 3,000 ppm and 25% of Geon 31X were greatly stunted
(F1g. 3). '
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After twénty-days affected plants resumed thelir new
growth., But they showed different abnormalities: leaves
developed with onion-like appearances. In some of them ths
tips did not separate from the sheath and thus formed a
loop of leaf, Some of the leaves separated from the sheath
but twisted into spiral shapes (Fig. 4). These abnormali-
ties were not frequently found on 2,4-D treatedfblanta,
but were comhpnly found on plants treated'with 2,4-D and
Geon 31X. | o |
B At the time the untreated plants produced seeds, those
treated with 2,4~D toggther with Geon 31X below 6% were de-
layed. Plants which received 2,4-D at 1,000 and 3,000 ppm
in addition with 25% Geon 31X were still in the vegetative
stage and grew rapidly and vigoro;sly; Finally ﬁhey
reached 4 to 6 inches taller than the untreated plants or
plants which were uninjured. It took almost one month
longer for thése plants to produce mature seeds. Maturity

was thus délayod for almost one month.(26).




Plate 1I

The effect of Geon 31x in increusing
of 2,4-D sult

Fig, 3

Oats seedlings on the rignt were
sprayed witu 1,000 ppm of 2,4-D,
Seedlings on the left were 3prayed
witn the same concentration of 2,4-D
plus 294 of Geon 31x, and seedlings
in the middle were treated with the
gsame concentrztion of 2,4-D wna
Geun 31x by plucing tne svlution on
tne buse of eacn plunt stem,

N

tne action

Fig, 4

Oats seedlings were
sprayed wita 1,000 ppm of
2,4=-D and 6% of Geon 3lx,
Abnormazl growta showed
on the leaves of some
plants,
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B. Comparison and Discussion of .
_ Geon 31X and Other Costing Materials
Experiment I

(1) Method and Materials

Ten day-old Red Kidney bqans planted Juné 1528 were
used as the experimenﬁﬂl mhterials; and applications of
NaZ,4-L were made by placing a single drop of the asolutions
on the base of one of the primary leaf blades. The amount

of 2,4-D used in all the solutions remained constant at

1,000 ppm. In addition %o these solutions they were given

'a combination of 1% of Geon 31X, sodium silicate, agar,
gum arabic- and Canada balsam,

(2)'.Result

Plants treated with Geon 31X showed the increasing
effect on 2,4-D as in previous éxperiments. However, neither
of the other materials had any visible effect although ‘they
formed various kinds of coating on the spots where théy were
located.

(3) Discussion

The manner in which the plastic material acts to in-
crease the effectiveness of 2,4-D was assumed thaf the
carbon dioxide and oxjgen relationships may be changed as a
result of the coating and hence affect the physiology of the
cells, making them more susceptible to 2,4-D injury.

However, this experiment showed simply that coating effect
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could not be enough to explain the behavior of Geon 31X.

.

Experiment II*

(1) Method and Material .

Application of Na2,4-D was made by placing two drops
of the solutions on the base of both primary leaf blades
of Red Kidney bean plants. The amount of 2,4-D used in -
these solutions remained contant at 500 ppm. Soms of the
solutions contained "Elvanol" polyvinyi'alcohol at 25
and 56%. Generally this material forms a temporary coating
which can be easiiy removed and which 1s often'qsed for. |
articles in process or in storage as protbction sgalnst
abrasion, grease, solvents and certain gases. Films de-
posited from water solutions are nontoxic, transparent,
tough,-and highly resistant to oiis, greases, fats,
hydrocarbons, and most organic solvents., They are highly
impervious to many gases such as hydrogen, hydrogen sulfide,
cﬁpgbn disulfide, oxygen and nitrogen. Thefe are, however, |
a few exceptions including ammonia gas and water vapor (7).

(2) Result and Discussion

Since this material also has plastic coating
characteriastics, the same kind of effectiveness as in
Geon 31X might be obtained in increasing the.action of 2,4-D,
but 1t showed no effect in this experiment,

It might be due to that rlastic film of "Elvenol" 1is

#Conducted in August, 1948,




35

permeable to water vapor and ammonia gas, whereas (Geon 31X
is not, and hence t@gir effect on 2,4-D are different
(Ref. (2) and (7)).

Experiment III#*
(1) Method and Material
&. Application of Na2,4~D was made by placing two
drops of the solutions on the base of both primary leaf
blades of Red Kidney been plents. The amount of 2,4-D used
in theqe‘solutions remained constant &t 500 ppm;.rééme of the
éolutipns contained "Elvenol" polyvinyl acetate at 6 and

-

104. This emulsion of polyvinyl acetate resin in water

poassesses a tranaparent synthetlic resih characterized by -
excellent thermoplastic adhesive and film-forming properties.
It 18 not necessary to apply it ha'a hot melt or as a
solution in an organic solvent. 1In physical property this
emulsion is viscous, milk-whifp liquids containing 55 to
| 57% solids with pH level from 4 to 6. Such materlals as
metal, wood, cloth, paper and'éeramic-ware can be given
highly adherent coatingé b& treating with ™Elvacet"™ emulsion
and air drylng. These films are very stable to liébt and
oxidation, and are not affected by aliphaéiq hydrocarbons,
vegetable oils, or animal fats (6).

b. Bean plants were treated with spray;'containing
100 ppm of 2,4-D. In addltion to it some of the sprays con-

tained ."Elvacet" polyvinyl acetate in water emulsion at

¥Conducted in August, 19417,
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5 and 10¥¢. A hand sprayer was used and plants were
thoroughly wetted by spraying.

(2) Result

It was erratic that different results were obtained
by different methods of application. While plants treated
with 2,4-D at 500 ppm and also “E1Vacet" at 107 by placing
two drons on the base of primary leaf blades showed some
increasing effect of 2,4-D, those by spraying 2,4-D at
100 ppm plus the same amoﬁnt4of "Elvacet" showed no effect.
On the other hand, addition of "Elvacet" at é% to 600 ppﬁ
of 2,4~D had no effect in application of two drops on the
leaf base, but some 1ncreasing effect was dﬁowﬁ wilth the
spraying method. Because of this uncertain result and
since 1its effect was not great, further experiments were
noﬁ conducted.

(3) Discussion

Slhce this compound ig Qéry'similar to Geon 31X 1in
characteristics, 1t might also increase the abtioﬂ of |
2,4-D but this was not the casé. As a matter of fact, it 1s
not necessarily true that the similar plastic material

possesses the same behavior on 2,4-D.

Experiment IV
(1) ¥Xethod and Material

One group of bean plants were treated by divoving one

¥conducted in March, 1980.

-
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of the primary leaves into the solution of NaZl,4-D at
1,000 ppm and the other group, into thé solution of 2,4-D
in addid on to Geon 31X at 5%. After the solutions were
air-dried, all the plants were, one by one, moved in the
1nfra-f§d and measured for their temperature by the use of
Potentiometer and Thermocouple conneoction.

(2) Result and Conclusion

Under Infra-red lamp which was set around 15 inches
above the leaf surface, untreated leaf at right angle to
the light source were measured with their temperature from
93 to 94° F. . Leaf treated with 2,4-D at l,OOO'ppmAgave tho
same measurements. However, one of the primary leaves
treated with 2,4-D in addition to Geon”Slx_gradﬁally in-
creased the temperature to 102 to 1l04© F as the time -
elapsed, and the other untreated primary leaf of the same
plant remained from 93Ato>94° F.

From this result it seems that the bullding up of
temperature andbjhe sealing up of 2,4-D in contact with
.1eaf surface by the use of Geon 31X are 1n.part responsible
for facllitating the penetration of 2,4~D into the plant

cell especially in cool weather. -

Cs pH Level in Solution of Geon 31X

Experiment I%*
(1) Method and Material

*Conducted in August, 1949.
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Applications were made by plecing a single drop of the
solution on the base of one of the primary leaf bledes of
bean plants. The amount of NaZ2,4-D used in all the =
solutions rémaiﬂéd constant at 1,000 ppm; 5% of Geon 31X
with its pH ranging from 2.5 to 7.5 were added to the
2,4-D. The pH of Geon 31X originally ranges between 7 and
8.5 and may drop slightly on prolonged qurage.- To lower
the pH level into a 2.5 reading acetic'ﬁcid'was usednin A
prepared solution. -

(2) . Result

Four days'hfter treatment all the plents tﬁat had
been trecated with 1,000 ppm of 2,4=D showed curvature of the
first Internode and epinasty of the leaves. Their stems
became swollen and yeliowidn. Those treated with 2,4-D
at 1,000 ppm in addition of Geon 5ix with pH 7.5 or in its
originel pH level showed increasing herbicidal effect on
bean plants. Flants treated with 2,4-~D and Geon 31X with
pH lowered to 2.5 by acetic acid, hovwever, showed decreasing
effect of 2,4~-D. Their tréated léqyes purneﬁ and died.
Their terminal buds also burned and died, although they
were not 1n'contact with the -solution. It is obvious that
acetic acid is not suitable to léwer the pH level in‘ﬁhis
kind of treatment, and low bH level may burn the plant's

tissue and prevent the penetration and translocation of

2,4-b instead of increasing 1its éffectiveness.




Experiment II*

(1) Method and Material

Amount3 and applications of Na2,4-D and Geon 31X were
the same as Experiment I. However, ﬁhéir‘pﬂ levels were
loweréd to 2.5 by the addition of c¢itric acid and raised
to 9-10 by the addition of potaséium hydroxide.

(2) Result
Except plants treated with 2,44ﬁ alone, all the other

plante treated with 2,4-D in addition of Geon 31X showed

the same increasing herbicldal effect. It made no difference
whether the pH levels 1in these solutions were 2,5, 7 or 10,
Twenty days after treatment all thése plantas had no new
growth at all, while those treated with 2,4—D alone were
flowering (Fig. 6). :

4
#+
Conducted in October, 1949,




Plate 111

Different pH levels snowed no effect on tue .
herbicidal action of 2,4-D sult plus Geon 31x

Fige 5 Bean plants from rigat to left were trcated
with fl) 2,4-D, (2) 2,4-D plus Geon 31x at
~pH 10, (3) 2,4-D plus Geon 31x at pH 7, and

| ?4) 2,4-D plus Geon 31x at pH 2,5

I
1%
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Plants were harvested and weighed as éhown in

Table 3.

Table 3.

Fresh weight of bean shoots determined 20 days after
treatment with 2,4-D salt and Geop 31X latex with its pH |
level ranging from 2.5, 7, and 10 .

Treatments (2,4-D at Average Weigﬁt Average Weight
1,000 ppm and-Geon 31X of S?Qot /plant of shoots on
at 5%) per cent basis
_ 2,4-De100

Untreated 2,92 194

2,4-D 1,50 - 100

2,4-D 4+ Geon 31X pH 9-10 0.09 ' "6

2,4-D + Geon 31X pH 7.0 . <09 6

2,4-D + Geon 31X pH 2.6 «05. S

i The welght represents .growth above the primary leaves whether
it is a shoot or a swollen terminal bud.

Twenty plants were used for each treatment.

(3) Discussion |
Since Geon 31X is at pH 7 to 8.5, that by dropping the

pH level to 2.5 it might furthermore increase the action of
2,;4-D. Yet, present result ahOWed.that the pH level had
little to do with this combined solutl on.

Geon 31X is negatively charged. According to Lloyd
(37) the mechanism of entry of one element to enother
through a semi-permeable membrane is based upon the follow-
ing conslderation, that 1if a non'diffusible 1°n718 present
in a system bounded by a membrane, it will exert an elec-

trostatic repulsion on the diffusible ion of the same sign
leading to the rsplusion of these to the oprosite side of
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the membrane. Meyer and Anderson (49) stated that cyto-
plasm is usually on the alkaline side of 1ts iso-electric
range and therefore, 1t should be expected that the con- '
stituent micelles or non diffusible ions are negative
charged and hence would be repulsed by the cytOplaam:. Un-
der this condition if by lowering the pH of the solution
of 2,4-D the cytoplasm would change from the alkaline side

of the 1so-electric range to the acid and hence the micelles
would attract the 2,4-D Molecule and 2,4-D would enter, but
present experiment 1s not agreed with these theories. It is
not known why negatively éharged Geon 31X cduld not decrease
the entry of negatively charged Na—2,4fD into ﬁégatively‘
charged cytoplasm. It 1s not understood why 1ncreasing'thé
pH'of this solution did not increase the repuigion of
cytoplasm which is already alkaline.

D. 2 Amino 2-Methyl 1-3 propanediol and 1ts related
material ‘ -

.Both 2 amino 2-Methyl 1-3 propanediol and 2 Amino
2 Methyl l-propanol are members of aminohydroxy compounds,
They form substituted amides with esters, anhydrides, and
acyl halides. Thej also readily react with alkyl hallides,
aldehydes, ketones, and carbon disulfide. Usually thése
compounds are being used for the syntheslis of wetting and
surface-active agents, rharmaceuticals, photographic
developers, resins, and_dyestuffs. In aquepus.solutions

.they absorb acidic gases such as Coy and H2S when cold, and
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——

liberate them when heated. Both of them are powerful
erulsifying agents for prebaring water dispersions of fats,
oils, waxes, and resins, |

In Table 4 are listed the important physical pro-

perties of these new compounds (§): .

- Table 4 ‘ v
Physical properties’ of Aminohydroxy Compéunda

2-Amino-2Methyl-1,3- 2-Amino-2-

Propanedlol Methyl-l-
: Propanol
Formula : . NHg NHo
| CHgOH-L-CHzOH CH3-C~-CHo0H
Hgz | ’ Hgz
¥oleoular %eight 1065.14 89,14
Melting point, OC 109 to 111 30 to 31
Bolling point, OC 151 tols52 10 mm 166 760 mm
Specific Gravity at
200 ' |
00 C 0.934
pH of O.IM Aqueous “
solution at 200 C 10.8 - 11.3
Solubility in water
-grams per 100 ml : _
at 200C 260 Completely -
miscible
. Experiment I¥#

(1) Method and Material
Ten-day-0ld Red Kidney bean plants were used as the

exrerimental material. Applications were made by plscing a

#Conducted in January, 1949.
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single drop of the solution on the base of oné of the primary
leaf blades. The smount of NaZ2,4-D used in all the solutions
remained constant at 1,000 ppm. In addition to 2,4-D some |
of the solutions contained 5g./l. of 2 Amino-2Methyl-1-3
propanediol and of Z amino-SMethyl-l propanol.
(2) - Result o - | .
One day after treatment, marked differences were noted
ﬁ;fween the lot treated with 2,4-D and those treated with
2,4-D plua 4-Amino-2!ethyl l-propanol and 2-Amino-2Methyl- -
1-3 propanediol. Curvaturo of the first internode and
epinasty of the ‘lesves were very pronounced in the latter
two treatments, while the former or plants treated with b
2,4-D alone show»ned ho visible efféct, and their growth was
not checked. One week aftér treatment plants treated with ‘
2,4-D in addition of ?-Amino-2Methy1-1-propanol recovered
slowly, and weakly, New growth took place. Ho;over, those
treated with 2,4-D in addition of 2-Amino-?Methyl-l=3
" propanediol had worse appcarance; their stems became
swollen and yellowish, and their terﬁinal buds were come
pletely arrested in development, They stayed 1n_£his

condition until they were harvested; 1t was 19 days after

treatment (Table 5),
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Fresh weight of bean shoots determined 19 days af ter treatment

with 2,4-D salt and Aminohydrozy

compounds
Treatment Average weight Average Velght
(2,4-D at 1,000 ppm and of a??ot /plant of shoots on
Aminohydroxy Comp. at 65g/l1.) (Gm) per cent basis
’ 4"’& 100

Untreated 43.25 136
2,4-D salt 2,38 100
?,4-D salt + 2 Amino-zMethyl

1l propanol « 956 40
2,4-D salt + 2 Amino-2Methyl :

l-3-propanediol 2D 10

—

/fhe welght represents growth above the primary leaves.
Sixteen plunts were used for each treatmsnt, -

— Experiment II%
(1) Method and Material

This was a duplication of "Experiment I". The same
methods and materials were applied to senother lot of bean
plants, |

(2) Result

The same results were obtained_in_this duplicﬁted

experiment, In addition to the 2,4-D sympton described

above it was noted that 2-Amino-2-Methyl-l-3-propanediol de-

layed the flowering much more than the other treatments,

causing a yellow#in, of stem below the first node and a

marked yellow spot developed on the leaf where the solution

was located. Plants were harvested 19 days af ter treatment

#Conducted in January, 1949.
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o

‘ Table 6
Fresh welight of bean shoots determined 19 days after treatment
with 2,4-D salt and nohydroxy

compounds
Treatment (2,4-D at 1,000 Average weight Average welight
ppm and Aminohydroxy compe. of sh??t plant of shoots on
at 5g/1.) percent basis
2,4-D=z100
Untreated 1,956 113
2,4-D salt - 1.73 100
2,4-D sslt + 2 Amino-2Methyl ) . :
l-propanol « 90 - 52
2,4-D salt + 2 Amino-2Methyl .
1l-3-propanediol o« 24 13

/The weight represents growth above the primary leaves.
Sixteen plants were used for each treatment.

Experiment III®

(1) Method and Material _

In this experiment the application of NaZ2,4~D was made
by placing a single drop of the solution on the base of one
of the primary leaf blades of bean plants. Th; amount of
2,4-D used varied from 50 ppm to 100, 500 and 1,000 ppm.

In addition-to each of these concentrations 2 Amino-2 Me-
thyl-1-3 propanediol ranged from 1 to 6, 10 and ?0 g/l. were‘
added, and thus formed lb different combinations of solutions.

Except these 16 combinations, some plants were simply

treated with 1,000 ppm of 2,4-D and other #ith 10 g/l. of

" o
Conducted in February, 1949,
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2 Amino-2Methyl-1-3 propanedioi for comparison.

(2) Result : |

_  One“day after treatment all plants treated with
2,4-D at 500 and 1,000 ppm in addition of 2;Amino-2Methy1-
1-3-propanediol at any concentrations showed the increasing
effect of 2,4~D with the epinasty of leaves and curvature
of stems.. While treatment which contained only 2,4-D at
1,000 ppm and those which contained onlj'2 Amino-2Methyl-1-3-
propanediol at 10 g/l1. showed no effect. With 2,4-D at 500
. ppm in addition of 2 Amino-ZMethyl-i-a-propanedlol,'the
effect ahowéd faqter than those with 2,4-D at l,OOQ pﬁm in
addition of 2 Amino-2Methyl-l-3-propanediol. However, after
one week the latter shoved greater effect, I

In the groups treated with 600 ppm of 2,4-D plus
2 Amino-2Methyl-l-3-propanediol it was found that-‘l and 5g/1.
of the additions produced faster effect than 10 and 20g/1. |
but after few days 10g/l. showed grbafeat effect. '

In the groups treated with 1,000 ppm of 2,4~-D plus 2
Amino-2Methyl-l-3-propanediol, 5g./l. of the addition showséd
the effect faster but 10 and 20 g./l. of the addition pro-
duced greater effects. One g./1. gave no visible effect.

It was interesting that while 2,4-D at 1,000 ppm in addition .
of 2 Amino-2-Methyl-l-3spropanediol at 5, 10 and 20 ge/le
showed higher increasing effect on 2,4-D than any other treat-

ments in this whole experimént, when it was in addition of--
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one g./l., the effect reduced to the lowest class (Table 7,
7 and Pig. 6). In fact it showed less effectiveneas than
2,4=-D at 50 ppm plus one g./l; of 2-Amino-2-Methyl-1l-3-
propanediol. This result was at first suggested that there
might be a ratio between theae two compounds. But the 1a£er
expériments did not support it, snd the effective rate of
o-Amino-2-Methyl-1-3-propanediol fell into the rahge of
5 to 10 g./1. in increasinyg the action of 2,4-D,

Plants treated with 2,4-D at 100 ppm in addition of
Z-Amino-2-Hethyl-3-propahediol-at 1 and 5g./1. showed
visible effect. But it was surprising that 10 and ?Og./l.
did not show any effect. The same also happened in\planﬁs
treated with 2,4-D at 50 ppm in addition of 10 and 20 g./l.

while 1 and 5 grams additions caused curvature of the bean

plants,  ~ .
It was also interesting to find that when plants were

affected by these combined solutions, many of them had the
petiole of treated leaves eldngatéd rroﬁ 2/6 to 1/2 longer
than the petiole of untreated leaf on the same plant. This
might be induced by the combined effect of 2,4-D and 2 Amino-
2-Methyl-1-3~propanediol,

' Plants treated with 2 Amino-2-Methyl-l-3-propanediol
alone at 10 g./1. had no other effect except it marked a

yellow colored spot on thHe leaf blade where the solution was

placed. The same was seen vhen this concentration was com-
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bined with 2,4-D., However, 1g./1. of it did not cause this

mark on the leaves. “

Table-7

Growth responses of bean plants treated with Na-2,4<D
and 2 Amino-2-Methyl-l-3-propanediol

. Epinas- Elonga-. Curva- Inhibition
Treatment ty of tion of ture of of new
' leaf petiole stem growth

2,4-D 2 Amino-2-Methyl-l-

3=-propanediol
1 g./1e + ' + +
1,000 5 g./1. +4++ ey bt o bt
ppm 10 g./1. ' s +++ 4+ +++
20 g./1. 44+ +++ +4+ +4++
1 g./l. ++ ++ +
500 5 g./1e 4+ + ++ ++
ppm 10 g./1. L 4+ e+ et ot
20 g./1. ++ . 4+ -+ —
v 80/10 ' ++ + ++ ++
100 5 g./1. ++ + +4 ++
ppm - 10 g+/1. s
20 g./1. ' — —
- 1 8'/10 + 4 + o
50 5 8.'/1. ++ e b . +
ppm 10 g./1. |
20 go/l. - _
1,000  None — ]
ppm
None 10 g./1.
Untreated

+ = Slightly affected
++ a3 Moderately affected

+++ = Greatly affected




50

Table 8

Fresh weight of bean shoots determined 20 days after treatment
‘with 2,4-D salt and 2 Amino-2-Methyl-l-3-propanediol

Ve

—Average Welght Average weight

Treatment of s?aot/blant of shoots on
' _ (Gm) per cent basis
2,4-D 2 Amino-2-Methyl-1- 2,4-D=100
3-propanediol '
1l g./1. 53 54
1,000 ~5 go/1e e35 36
ppm 10 g. /1. ¢ « 30 31
20 g./1. .28 . 29
1 g./1. .39 40
500 5 g./1. — .34 35
ppm 10 g./1. «30 | 31
: 20 g./1. 35 3€
1 80/1. l 04" ; 48
100 5 ge/1e : 4l 42
ppm 10 g./1. 75 76
20 g./1. 075 76
1g./1. 48 - 50
50 5 g./1. .48 50
ppm 10 g./1. 93 95
20 g./1. <98 101
1,000 :
ppm None ° 97 100
None 10 g./1. - 1.00 103
Untreated 1.30 ' 134

# The welght represents growth above the primary leaves.
/Twenty plants were used for each treatment,

Experiment 1IvV#

¥GConducted in April, 1949,
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(1) Method and Material _

The method of dpplying Na2,4-D on bean plants was the
same as 1ng;periment IIXI." However, the amounts of 2,4-D
were cut down to 25, 60, 100 and.2501ppm. Also the per-
~ centages of 2-Am1no-2-Meﬁhyl-1-3-pfopanediol which were added
to each of the different cdncentrgtions of 2,4-D were re-
duced to 1 and 2 g./1. The 2,4-D solutions whioch had no
additions of 2-Amino-2-Methyl-l-3-propanediol were used as
’ chedké.

| (?) Result

Pour days after treatment, 1t was noted that the plants
showed 1n6reasing effects as the concentration of 2,4-D was
increased in different treatm}mta. However, the addit ons
of 2 Amino-2-Methyl-l-3-propanediol, whether in 1l or in
2g./1., did not show greater effect than 2,4-D used alone.
In the group treated with 256 prm of 2,4-D, the addition gf
2g./1. Of 2-Amino-2-Methyl-l-3-propanediol rather gave de-
creasing effect. It was not known what was the reason, and
those previous experiments were.reponducfed. But as the
wpather got warmer and warmer the.results became erratic,
and previous records could not be duplicated again in that
sﬁmmer't;me. vAa a metter of fact when the days were hot,
the addition 6f'2-Am1noQz-uethyl-l-s-proﬁanediol prevented
the translocation of 2,4-D beyond the petiole by burning

the tissue of treated leaves,.
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Experiment V¥
(1) Method and Material
,'Ten—day-old.Rgd Kidney bean plants were used as the

experimental materisl, and applications were made by plaocing
a single drop of the solution on the bage of one of the
primary leaf blades. The amount of Na2,4-D used in all the
_solutions remained constant at 1,000 ppm; the amount of
 2:Am1nov2-Méthy1-l-s-propanediol added to the 2,4-D however,
ranged from 1, 5, 10, and 20 g./l.

(2) Result ‘ '

Four days after treatment, plants that received only
2,4-D at 1,000 ppm and 2,4-D plus one g./1. of 2 Amino-?%-
Methyl-1-3-propanediol did not show visible effect. Those
received 2,4-D plus 5 and 10 g./1l. of 2 amino-2-Kethyl-1l-3-
propanediol showed curvature of the stem and epinasty of the
leaves. However, the addition of 20 g./l. did not show much
curvature. Twenty days after treatment, no new growth had
been found in those plants treated with 2,4-D in addition
of 5 and 10 g./1. of 2-Am1no-2-Mythyl-l-s-propgnédiol, while
those with the additions of 1. and 20 g./l.‘re;;m;d growth
weakly (Fig. €6). The plants were hafvested and the average
fresh welght of growth or swollen buds above the primary'

leaves was recorded (Table 9)..

#conducted in Novémber, 1949,




Plate 1V

Tne effect of aifferent concentrations of Z-awminu-
cemetnyleled propunediovl in increusing tue wction

Fig, 6 Bean plants from right to left were treated with
. 2,4-D (1), 2,4-D plus 2-Amino-2-metinylel-3-

ropaneaiol at 1 g./1 (2), 5 g/ (3), 10 gu/1 .
| f4), «nd 20 g,1 (5){. ’ ./ (3), é’,/ |
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Table 9 -

Fresh weight of bean plaents determined 20 days after treatment
with treatment with 2,4-D salt and 2-Amino-
?-Methyl l-s-propanediol/

Average welght Average 'welght

Treatment : of s? oot/plant of shoots on
(2,4-D at 1,000 rpm) (gm) £¥ per cent basis
2,4-D=100
Untreated 6.72 445
2,4-D salt 1,51 100
Z a-D salt + 1g./l. AMPT/#Y 1.07 70
2,4-D salt + 5g./1. n - e53 35
£2,4-D salt +10g./1l. " 54 35
2,4-D salt +20g./1l. n 1.05 70

-

»

}The welight represents growth above the primary leaves,
Sixteen plants were used for each treatment. ¢
/Abbreviation of Z2-Amino-2-Methyl-l-3-propanediol,

Experiment vI¥

(1) Method and Material ‘

Applicétion of‘?,4-D was ma‘ie by dioping one of tho
primery leaves of each bean rlant into the solutions, ocon-
talning 1,000 ppm of sodium salts of 2,4-D, and 2,4-D plus
S grams per liter of 2-imino-2Z-Methyl-1-3-propanediol.

(2) Result

Twenty two days after treﬂtﬁent. plants recelving
£,4-D at 1,000 ppm had completely recoverad, and new growth
developed rapidly. However, those treated with the same

arount of 2,4-D in addition to 5 grams per liter of 2-Amino-

#Concducted in January, 1950,

ey
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2-Methyl-1l-3-propanediol had half of the treated plants dead;
the survivor showed no sign of recovery, and sooner or later

would have died. ’ . .

E. ‘Discussion of f-Amino-2-Methyl-l-3-propanediol

From these éxperiments carried on over 2 years, it is
definitely concluded that ?-Amino-2-uethyl-l s-propanediol
has the property to increase the action of 2, 4-D. The
effective rate of it falls into the range of 5 to 10 grems
per liter. But-‘'unfortunately it works only in the winter
time under greenhousse conditions.

Since it reacts readily with a great many other
chemiculs and even with acidic gases, 1t 1s not known how it
increases the action. of 2,4-D, But according to its physical
properties, the emulsifying, wetting and surface-acting
effects may haye some quality which facllitates the pene-
tration of 2,4-D during the winter time.

However, it is difficult to explain why it does not
work well in summer time. The only thing which gives some
speculation is from the chemical reaction of 2-Amino-2-
Methyl-l-propanol with acetic acid and heat. The equations

are shown as follows: (5)
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?33 cugoa (I)
(1) CHs—-C-—CHZOH + HOOCCH == CH3-—C——NH-—C——CH3+ HgO
hcetic Acid B I} ,
EHQ v CHz ™~ O
2-amino-?-Methyl ‘ ' N(Hydroxy-l-butyl) acetamide

l-prorcsnol .
| ?Hs
(I)heat CHz—~C—CHo+ HoO
-_— l I

2,4,4 -mrimethylggsoxazoline‘
_ To test whether hedt and acetlic acid have some effect
' to 2-Amino-Z-¥ethyl-l-3-propanediol as théy did to 2-
Amino-2-¥ethyl-l-propanol, acetic acid was added wlth suffi-
cient amount of P-Amino-2-Methyl-1l-3-propanediol. Half '
amount of thils solution was reserved for comparison, and
other half was heated. Then these two solutions as well
as ?—Amlno-Q-Eethy}Ql-S-propanediol were, at 5CC per liter,
combined with Na®,4<D at 1,000 p-m. Treatments-were made on
Red Kidney bean plants with their first trifoliate leaf ex-
pandihg; A single dron of each of these solutions was
rlaced on the base of one of the primary leaf blades. The
-2,4-D at 1,000 nrm was used alone as control plants. One
day qfﬁer treatment all the plants which received 2,4-D at
1,000 nrm with the addition of 2-Amino-2-Methyl-1-3-nro-
nanedioi alone showedAsevefe curvature while other com-

binations shoaed no effect. By this result it was
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speculated whether or not the same reaction could happen in

hot season and produce some products which would not increase -

the action of 2,4-D.

2. Materials Which Moderately Incroase
the Action of 2,4-D
A. Sucrose with Potassium phosphate
| Experihent I*

(1) Method and Material

In this experiment Red Kidney bean plants which had
two or'thfep}trifoliate leaves expanded were used. Appli-
. cation was made by spraying the solutions on the whole
plant of each group until they were thoroughly wetted both
upper and lower sides of the leaves. A solution containing
Na2,4-D at 500 ppm and a solution containing ‘the. same
amount of 2,4-D with the addition of sucrose at 3 grams per
liter and potassium phosphate at 0.5 gram per liter were
used. |

(2) Result

One day after treatment marked differences were noted
between the 2,4-D.and 2,4-D plus sucrose and potassium
phosphate lots. Curvature of the petiole and epinaety of the
leaves were much more pronounced in the plmts which had
been sprayed with 2,4-D plus sucrose and potassium phosphate.

One week after treatment plants that had been treated

#
Conducted in January, 1950.
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with 2,4-D at 500 ppm were growing unchecked, although
they showed more or less 2,4-D symptoms and some degree of
curvature on the new shoots.. Those plants that received
2,4-D in addition of sucrose and potassium phosphate had no
new growth. Their stems were swollbh, leaves chlorotic and
with greater degree of: curvature on the smaller shoots.
Around three weeks later plants treated with only -
2,4-D were flowering. However, those treated with 2,4-D in
addition of sucrose and potassium phosphate still had no new
grbwth. Picture was taken to show their response at this

period. (Fig. 7)

Experiment I;*

(1) Method and Material

Around ten-day-old Red Kidney bean nlants were used_as
the experimental material, and abplications were mﬁde by
dipping one of the primary leaves of each plant into a sol-
ution containing the same amount of 2,4-D with the addition
of sucrose at 3 grams per liter and potassiﬁm phosphate at
1 gram per liter.

(2) Resuit
! One day after treatment, all the_plants shpwed curva-
turé of the first internode. However, 3 weeks later plants

that received only 2,4-D, although the stems were swollen

and the leaves and petiole somewhat twisted, were definitely

*Conducted in January, 1950.
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recovered. In the group treuted with the same amount of

24-D in addition of sucrose and potassium phosphate showed

no new growth -at all. The plants were harvested 23 days after
AY

Lo,
treatment, and the average fresh weight‘above the primary

leaves was recorded in Table 10.
Table 10/

Fresh weight of bean shoots determined 23 days after treatment
with 2,4-D and with 2,4-D plusg sucrose and potassium

phosphate//

Treatment Average weight of Average weight of
(2,4=-D at 1,000 ppm) shdo}? lant shoots on per cent

' ' (gm) /? basgis

2,4-D=100

Untreated 2.25 320 -
2,4-D salt «70 100
2,4=-D + 3g./1l. sucrose '

and lg./1l, potassium :

phosphate «17 24

A Data from Table 11.
A4 The weight represents growtnh above the primary leaves,

AFf#£ Sixteen plants were used for each treatment.




Plate V

The effect of sucrose and potassium phosphate
in increasin, ihe uerbicidal action of. 2,4«D

salt,

¥ige 7 Bean plunts on tue left were untreatea, in tue
middle treated with 2,4-D and on tane xignt
treated with 2,4-D plUb sucrose and potussium .

phospnute,




Ge 7

Fi
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B, Sucrose with Potassium Sulfate, Megnesium Sulfate,
Ammonium Sulfste and Other Compounds

Experiment I%*

(1) Method and Material

Young Ked Kidney gé;n“;lants were used as the experi-
‘mentgl material. Application of Na2,4-D waa made by dipbing
one of the'prlmary‘leaves of each treated plent into the pre-
pared solutions. The amount of Q,4-D used in all the solu-
tions remained constant at 1,000 ppm and the amount of sucrose,
at 3 grams bér 11£er. The additién of the othzr compounés
was at 1 gram per liter,

(2) Result

No marked differences between these treatments werel
noted within one week. After 10 days, plants whlch received
only'2,4-D were beginnling to resume new growth. The same
behavior was observed in those treat:d with the additi on of
1-2-1 comrlete fertilizer, manganate sulfate, ferrous sulfate,
calcium phosphate and borax; the addition of borax even
- showed more new growth. With the addition of sucrose alone
much less nevi growth was found, The addition of potassium
sulfate, notassium pnospﬁéte, magnesi um sulfate and ammonium

sulfate showved no gew growth at all, The plants were hsrvested

and recorded in Table 1l1l.

*Conducted in January, 1950,

e




Table 11

Fresh welght of bean shoots determined 20 days after treatment
with 2,4-D, sucrose and other compounds.

=

e ana-

Treatment (2,4-D at 1,000 Aversge weight oﬁ/ Average weight
ppm sucrose at 3g./l. 5 shoot/plant (gm) of shoots on
per cent basis

4

Untreated 225 . 320
2,4-D 70 100
2,4=-D plus Sucrose o 22 31
2,4-D plus Sucrose plus '

(NH4) oS04 13 20
2,4=-D plus Sucrose plus

K2(P04)2 o17 P4
2,4=-D plus Sucrose plus

K5804 : «13 20
2,4-D plus Sucrose plus

MgS04 a : .18 26
2,4-D plus Sucrose plus ' . '

Cas(PO4)2 . P2 31

- 2,4-D plus Sucrose nlus

1l-2-1 fertilizer «50 71
£,4-D plus Sucrose plus .

FeS04 ) <71 101
2,4-D plus Sucrése plus «75 107
MnSO4 .

?2,4=-D plus Sucrose plus

Borax T 1.25 178

A The welght represents growth above the primary leaves.
Sixteen plants were used for each treatment.

C. Dilscussion of Sucrose Combinations

Lucas and Hamner (32) found that onion extract in-

creased the herbicidal action of 2,4-D. Spear and Thimann

—_-——
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(58) analyzed the onion extract and found that the effective
fractions which increased the action of 2,4-D were reducing
sugar and potassium phosphate. They miied the sucrose and
potassium phosphate in the same prbportion was present in
onion extract and obtained the same result of increasing
effect of’2,47D.‘ Present experiments agree with all the re-
sults of above investigators.

Howevef, when sucrose combinations were compared side
b& aide with Geon 31X and 2~Am1no-2-Methy1-i-3-propanodioi une-
der green house condition, the former showed less effeot in
1ncrea$1ng the action of 2,4-D, '

Spear and Thimann (58) also found that potassium chloride
when combined with sucrose would give the same fesult on 2,4-D
as that of potassium phosphate. Present experiments, other-
wise, found that potassium sulfate, ammonium sulfate and mag-
nesium sulfate worked the same as that of potasélum phos phate
wvhen these materials were mixed with sucrose. Indidehtal%y,
elementé of these compounds are requifod by plants. But this
does not imply that all elements required by the pléant will
~increase the action of 2,4-D in sucrose comblination, since
some other elements used in this experiment did not show any

effect at all.

3. Materials Which Decreamse the Action of 2,4=D

A. Allyl alcohol
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Experiment I#

(1) Method and Materigal |

Application of Na2,4-D was made by dipping one of the
primary leaves of Red Kidney bean plants into solutions con-
taining the sodium salt of 2,4-D at 10 ppm and the same
amount of 2,4~D plus & CC per liter of allyl alcohol,

(2) Result

Plants treated with only 2,4-D showed curvature of
stem although they kept on growing rather weakly. Those
treated with 2,4-D in addition of'allyl alcohol showed no
visible effect, These plants were harvested two weeks aftér—-
treatment, and the average fresh weight above the primary

leaves was recofded in Table lZ2e.
- Table 12

Fresh weight of bean shoots determined 14 days, after treatment
with 2,4«D and allyl alcohol/

Treatment Average weight of , Average weight of
(2,4=D at 10 ppm) shoot?plant (gm)#f ‘shoots on per cent
basls
2,4-D=100

Untreated 5. 38 . 180
2,4-D 2,98 100
2,4-D + Allyl alcohol

(bCG/_) 4,20 141

AThe welght represents all new growth above the primery leaves
!Twenty plants were used for each treatment,

¥Experiment I conducted in July, 1947,
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A Experiment II*®

(1) Method and Material

The same method and material were used as in previous
experiment, with the exception that the concentration of
2,4~-D was ralsed to 100 ppm and the additions of allyl
alcohol ranged from 5 CC to 10 CC per liter.

(2) Result

One day after treatmént p}ants which received only
2,4-D shbwed curvature of the stem and epinasty of the
leaves. All the other treated plants showed no 2,4-D symp-
toms. A few days later those treated with 2,4-D plus 10 .2C
per liter of allyl alcohol produced more or less chlorotic
spots on the surface of the tregted leaves. The average

fresh weight of growth is shown in Table.l3.

Table 13

Fresh welght of bean shoots determined 20 days after treatment—
: with 2,4-D and allyl alcohol —

—_ Treatment Average welght of,, Average welght of
(2,4=-Dat 100 ppm) shoot?plant (gm)?#  shoots on per

. cent basis

2,4-D-100

.Untreated ] 4.93 17T T T
2,4-D 2.84 100
2,4-D + 5CC/1 of Allyl

alcohol 350 . 102
2,4=D + 10CC of Allyl . , .

alcohol 3¢90 140

/3he welght represents all growth above the primery leaves.
£ Eighteen plants were used for e€ach trestment,

TThenducted in August, 1947,
fpsy =
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Experiment III*

(1) Method and Material _

Applications were made by dipping one of the primary
leaves of bean plants into the solutions prepared. The
amount of Na2,4-D varied from 1,000 to 2,000 ppm and the
amount of allyl alcohol added to the 2,4~D ranged from O to
l, 2 and & CC pér iiter;

(2) Result |

One day after treatment plants treated with ohly
2,4=-D at 1,000 ppm and the same amount of 2,4-D in addition
of 1CC per liter of allyl alcohol showed curvature badly,
Those with the addition of 2 CC and 5 CC per liter to 1,000
ppm of 2,4—D‘showed much iese curvature. In the group
‘which received 2,000 ppm of 2,4-D all were dying.

One week after treatment plants treated with 2;4-D
alone had no new growth; while those treated with 2,4-D in
addition of 2 CC and 5 GC per liter of allyl alcohol were
beginninyg to resume new growth and were definitely recover-
ing from the treatment.

In this experiment allyl alcohol alone at 10 CC per
liter was also used to treat the bean plants. 1t caused
slight drooping of the treated leaves fdr about a day. But
the leaves recovered and plants grew hormally. Some chlorotic
spots occasionally showed on treated leaves. -

(3) Discussion

#Conducted in April, 1947. . ‘ .
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Allyi>alcohol was one of many compounds which reduced
the action of 2,4-D 1n‘p1ants. It 18 possible that the
reduced effect was caused by eithqr injury to tissues by
the alcohol and hence reduced translocation of 2,4-D, or
perhaps by changing the electrical charge 1in 2,4-D and thus
preventihg its entry into the plant.

B. Potassium Ferrocyanide

Experiment I% x

(1) Method and Material

Applications were made by dipping one of the primary
leaf blades of young bean plants into the solutions. The
- amount 6f NaZ2,4-D used in all the solutions remained constant
at 100 ppm; the amount of potassium ferrocyanide added to the
2,4-D, however,‘ranged from O to 0.1, 0.5, 1 and § grams
per liter. Potassium‘ferrocyanide at 1.gram per liter was
also used to treat the plants.

(2) Result
One-day-after treatment the plants treated with 2,4-D

plus potassium_férrocyanide at 1 and S grams per liter
éhoWed no curvature of the stem and epinasty of the leaves,
while all other treated plants showed 2,4-D symptoms. Those
which received only potaasium ferrocyanide without 2,4-D had

more or leass chlorotic spots.on the margin of leaf blade,

#conaucted in July, 1947.

o~
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Experiment II%

(1) Method and Material

Apﬁiication of 2,4-D was made by dipving one of the
primary leaves of young bean plants into solutions con-
taining the sodium salt of 2,4-D in a concentration of
1,000 ppm. In additionto the 2,4~ solution, the other
treatment contained a136 ﬁdtaesium fefrocyanide at 65 gramd
per liter. | |

(2) Result .

‘The plants which were treated with 2,4-D alone died
a few days after treatment. Thosé receiving 2,4-D in addi--
tion to pptassium ferrocyanide, at least in part, overcams

the toxic action of 2,4-D.
C. Sodium Hyvoochlorite

Experiment I¥*#

(1) Method and Material

hed Kidney bean plants with their first trifoliate leaf
not yet expanded were used as the experimental material.
Application was made by dipping one of their primary leaf
blades into éﬁe solution. The amount of Na2,4-D-used in all
the solutions remained cons tant at 2,000 ppm; the amount of
sodium hypochlorite added to the 2,4-D, however, ranged from

O to 2 CC per liter. The color of the solution of sodium

*Conducted in July, 1947.
#*0onducted in January, 1950.
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salt of 2,4-D is pink-red, but when sodium hypochlorite 1is
added, the solution was clear,

(2) Result

One day after treatment plants treated with only 2,4-D
showe& curvature badly. Those tredted with 2,4-D plus
sodium hypochiorite showed slight curvature of the stem and
recovered a few days later. Twenty days after treatment,
rlants feqeiving 2,4-D in addition of sodium hypochlorite were:
flowering. Those which received only 2,4-D had no new
growth at all. This experiment showed that sodium hypo-
chlorite, an oxidizing agent, partially overcame the actlon
of 2,4-D; The plants were harvested 20 days after treat- _
ment, and the average fresh welght above the primary leaves

was recorded in Table 14,
Table 14

Fresh weight of bean shoots determined 20 Adays ﬁfter
treatment with 2,4-D and sodium hypochlorite

Treatment Average weight ?f Average welight of
(2,4-D at 2,000 pnrm) shoot?plant(gm) 7 shoots on per
: cent basis ‘
2,4-D=100 : >
Untreated ' 2,20 A 900
2,4=-D 0.25 100
2,4-D + 2 g/1 NaClo 1.11 444

AThe veight represents new growth above the primary leaves.
/Eighteen plants were used for each treatment,
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Experiment II#
(1) Method and Material
Treatments were made by dipping one of the primary
leaves of bean plants into solutlons containing Na?2,4-D at

1,000 ppm. In addition to 2,4-D, some of the solutions
contained sodium hypochlorite at C,?% per liter and chloride

of lime at 0.5 gram per liter. Both 6f these chemicals
changed the color of NaZ,4-D solution from red pink to clear,
(2) Result
One day after treatment, plants treated with 2,4-D
alone sho.ed severe curvature. Both of those treated with
?,4-D in addition to sodium hypochlorite and chloride of
lime showed slight curvature., Twenty days after treatment,
blants that received 2,4-D alone had no new growth. Those
treated with 2,4~D with Zhloride of lime nartialiy recover-
"ed and in those with the addition of sodium hypochlorite

to 2,4-D had almost ‘comrletely recovered (Table 15),

#Concdnctad in Mareh, 1950,
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Table 15

Fresh weight of bean shoots determined 20 days after treatment
with 2,4-D and 2,4-D with sodium pochlorite and chloride

of lime
Treatment — Everage welght 9f Average welght of —
(2,4-D at 1,000 ppm) shootﬁplant(gm) # ‘shoots on per cent
: basis
- .2,4-D=100

Untreated e 20 17307

2,4=D salt 0.13 100

2 4-D salt + 0.2% NaClo 0e63 484 .

?,4-D salt + 0.5% CaoClg 0,30 230

/The welight represents growth above the primary leaves,
Sixteen plants were used for each treatment.

4, Materials Which Have No Definite Effect on £,4-D

For all these experimeﬁta young Ked Kidney bean plents -
with the first trifoliate feaf not yet expanded weée used.
Materials were added to the solutlon containing the sodium
salt of 2,4-D. The indefinite results are summarized in
Table 16.




Table 16
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Summary of indefinite results caused by the addition
of unrelated materiasls to the sodium salt of 2,4-D

Name of Material

Concentration used Remarks

Cyanamide 56gm./1. Burned the
leaf &
reduced
2,4=-D trans-

. location.

Lime sulfate 10gm./1. No incresassed
action over
2,4-D alone

Urea 500 ppm - "

Chlorohydrate 5CC/14 "

P.E.P.Se 5 gm./le "

Carboxy methocel 5CC/1. "

Calcium chloride 3,000 ppm "

Sodium silicate 1 per cent om

Gum Arabic 1l per cent o

Canada Balsam 1l per cent n

Phosphoric acid 5 CC/l. "

Elvacet 5 per cent Slightly in-
creased the
action of

= 2,4-D

Elvanol 5 per cent No increased
sction over
2,4-D

Yeast Very slight

increasing of
2,4-D
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Acld amino

1gm/10

Slightly in-

Yeast (inject)
- creased the
action of ?2,4-D
-Lanthanum nitrite 0.5 gm./1. No increase
over 2,4-D
alone 4
Thorium nitrite 0.5 gm./1, "
Cupra Ammonium hydroxide 5CC/1. n
Ethylene glycol 5 gm/1. "
Chloral hydrate 5gm/1. "
Triphenyl tetrazolim
chloride lgm/1. n
Acetic acid 5GC/1. ~ Burned the
leaf & reduced
the action of
2,4-D "
Amyl acetats 0.2cC/1. No increased
' action over
_ . 2,4-D alone
Nucleic acid 1cc/1. "
Thymol 5 8!!1/1 . n
Resorein 5gm/1. -
"Palmatic acid 5gm/1. "
Lévo-z,S-Butylene
Glycol S5gm/1. .
RX=R9-D Melemine
Resin 5gm/1. w
Tri-Ethol umino lgﬁ/l. ”
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Experiment I

®*conducted in October, 1949.

Amino Benzolc 1gm/1. No incresased
action over
2,4-D alone
Calcium pertohinate .
E,56 5gm/1. "
Calcium phosphate lgm/1. "
Ferrous sulfate lgm/1, L
Borax 5gm/1. Slightly de-
: creased action
of
2’4-D
‘Potassium permanganate 2gm/1. No increased
action over
2,4-D alone-
Hg02 Sgm/1. Chenges red-
= - pink color of
sodium salt of
2,4-D to color-~
less, but no
effect on
- ] 2,4-D
N(Hydroxy-l-butyl ,
ace tamide 5GC/1. No inéreased
action over
2,4-D alone
2,4,4, Trimethyl-2- -
Oxazoline 5Cc/1. n
5. Natural Factors
A.! Light




(1) Method and Material
Fully grown Red Kidney bean plunts with 3 expanded

trifoliate lesves were used as the experimental materisl.
Application was made by spraying the plants with Na2,4-D at
2,000 ppm solution. Plsnts were then divided into 3 groups

[

.and kKept under 3 different light conditions; one group was in
the greenhouse, another group in darkness and a third group
in the continuous illumination of a 2,000 watt light bulb,

(2) Result
One day after treatment, all the treated plants showed

curvature of youné shoots. . No differences in response to
2,4-D was observed whether planti?ware flluminated or in
darkness. After one veek treated plants set in different
light conditlions shovied the same response to 2,4-D. There
was no new growth in any of them and no sign of recovery
from the treatment., The only difference which had been
noted was thet the plants in darkness completely iost thelir
chlorophyll at this period, those in artificial continuous
illumination lost most of their chlororhyll, and those in
greenhouse kept their old leaves green. However, this is
more concerned with-light influence on chlorophyll of plant

rather than being connected with 2,4-D effect.

-~
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Experiment II*

(1) Method and Material )

Young Red Kidney bean plants with their trifoliate
leaf not yet expanded were-used as experimental material,
and application of Na2,4-D at 2,000 ppm was made by placing
a single drop of the solution on the base of one of fhd
primary leaf blades. Then these plants‘were separately put
into darkness, continuous illumination and diffused light
near the window.

(2) Result

One day after treatment,'all the treated plants showed
slighﬁ curvature of the stems, and no élgnificant differ-
ence had been found between the different light conditions
and the action of 2,4-D. ¢

This experiment was repeated for seversasl times, but
each time showed that the presence or absence of light had

very little efféct on elther increasling or decreasing of the

action‘of 2,4-D."
B. Carbon Dioxide

Experiment II¥¥
(1) Method and Material _

Young Hed Kidney bean plants were used as the‘expori-

mental material and application of Na2,4-D at 500 ppm was

#Conducted in December, 1949 .
#*conducted. in August, 1949. —
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made by placing two drops of the solution on the base of

each primary leaf blade. Treated plants were, then,

divided into two groups and set into two different
desiccators. One of the desiccators contained 109 of car-

bon dioxide gas produced by a pilece of dry ice. The other
desiccator had a beakernof potassium hydroxideé solution
which was used to remove the carbon dioxide from the air in
this desiccator. | |

(2) Result

There was no visible effect of high and low carbon
dioxide content of air upon the action of 2,4-D. In both
desiccators, nlants were susceptlble tq decay because of thé
high humidity., Plants in the desiccator of high-carboﬁ
dloxide content aeemedlbo suffer less decay. However, the
curvature of the stem by the action of 2,4-D was the same

whether the prlants were sqpplied wi th carbon dioxide or not.

. Experiment II¥%

(1) Method and Material

The same application of Nax,4-D was made on bean
plahts as described in previous experimenpa.and the same
high and low carboﬁ dioxide desiccators were set up for
treated plants, However, 1in both dosiccatofs, calcium
chloride was spread on the bottom of these contalners tb
dry the air.

(2) Result -

#Conducted in August, 1949,
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Plants in desiccator of high carbon dioxide showed
less curvature of the stem and less translocation of 2,4-D,

They showed petloles Swollen in the middle vortion, while

those in low carbon dioxide desiccator had curved and
. swollen stems, indicating that 2,4--D had been translocated

much farther as COg was present in small amount,

_Experiment III¥ .

(1) Method and Material

This 1s the duplication of experiment II. All the
set-up éﬁd materials were the same as describédlin that ex~
periment,

(2) Res:lt

Plants in high carbon dloxide desiccator were dead one
week of treatment. Those’ in low carbon dioxide desiccator
were alive, This result was just contrary to that of pre-
vious experiment. No further experiment was, then, conducted

to test the variable resultas,
C. Humidity

Experiment I¥#*#
(1) Mathod snd Material
Two glass chambers about one meter long, one_half meter
wide and one metsr high were set on the sand in the greeh;.

house. One of them conteined calcium chioride on the

*Conducted‘in September, 1949.
#tconducted in August, 1949,
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bottom to absorb the air moisture. Another one was mulched

with paper towels on the bottom and frequently sprayed
with water to keep the humldity near the saturation point,
Young ked Kidney bean plants were treated with sod um salt
of 9,4-D at 1,000 ppm by plecing a single drop of the
solution on the base of one of the primary leaf blades.
Then they were divided 1Into two groups. One group was put
into the high humidity chamber and the other, into low.
humidity chamber. Untreated plants were also put in each
chamber as check., BN

(2) Result ‘

One day after treatment, all treated plants showed
curvature of the first internode and epinasty of. the
leavea, There was no difference between the high or low
humidity chamrvers. |

One week after treatment, treated leaves in low
humidity chamber dried off; whereas in’ﬂigh humidi ty chamber
they kepf turgid although the petioles twisted. The same
‘condition was seen on the cotyiedons. In both chaﬁbers,
2,4-D treated plants did not have their cotyledons
abscessed automatically as the untreated plants did, and thus .
were first subjected to decay on this rurt when the plants
were 1in high humidity chamber. T

Adventitious aerlal-roots were forngd.albng the first

internode of the 2,4-D treated plantas in the high humidity
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chamber. However, in the low humidlty, there was no such ..
root initiated, and vlants had not decayed.

Experiment II%*

(1) Method and Material

Application of methyl ester of 2,4-D at 1,000 ppm by
welight was made by placing a single drop of the solution on
the base of one of the primary leaf blades of young Red
Kidney bean plants. Then, they were divided into two ‘groups
and senarately put into different deaiccatars{ One of the
desiccators contained calcium chloride on the bottom to re-
movelﬁho alr molsture. Another one had molistened paber
towel on the botiom to keep the high humidity condition.withp
in this deaiccator. Abtificial light was applied over these
desiccators. | |

(2) Result ‘

In both desiccators treated plants showed almost the
same degree of curvature of their stems. - However, plants in
the high humidity desiccator had greater swelling of their
petioles and stems than those in low humidity desiccator.
Since those plants grew more rapidly in that high hﬂmldity
environment, it is ‘difficult to draw a conclusion whether
this difference was due to increasiﬁg effect éf 2,4~-D or due

-to succulent growth.

#*Conducted in Descember, 1949,
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De Infra-red and Plant Temperature

_ Experiment I%*

(1) Method and Material

Young bean plants were uéed as the experimental
material and applications of NaZ2, 4-D'a€ 1,000 ppm were made
both by placing a single drop of the solution on the base
of one of the primary leaf blades and by dippring one of the
vrimary leaf blades in the solution. In each day four
plants were treated for this experimenfgutwo of them were

set in the .Infra-red rays for 24 hours and the other two in

“the same greenhouse as check plants. The distence from the

Infrafred lamp to the leaf surface was 17 inches and between
them a specific colored filter had been set up to absorb
all the visible light. The leaf temnefaturo of the pleants
under the filter measured constantly from 90 to §3° F de-
pending upon the angle of the leaves, while the check plants
changed their temperature from €5°C F at night to 800 F on
sunny.days'coincided with the change of alr temperature in
that greenhouse. For these alr and plént temperature
measurements Potehtiometer and Thermocouple were used. To
keep the water supply of the plant in infra-red constant,
a water-sauéer was used under the pot which contained the
bean. plants.

(2) Result

Plants in infre-red or in other words, plants which
¥Conducted in March, 1950. ‘ —_
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had higher le’af temperature resulting from infra-red showed

no increasing effect on 2,4~-D within this range of temperature
than the check plants which had normal greenhouse tempersature.
Sometimes plants in infra-red showed light-green color of

their leaves after 24 hours in the high heat ray and shsaded

condition.

" Experiment II%#

(1) Method and Material
Material and application otha9,4-D vere the same as
”1n the previo&% experimen<t. - However, ﬁﬁere was no filter
being used to apsorb the visible ray, and the light in-
£ensity waa,\;gerefore, much higher than the check plants in
the same greenhouse. The distance from the infra-red lamp
to the leaf surface was 15 inches, and the leaf temperature
of the plants in infra-red was 92 to 94° F measured by the
Potentiometer and Thermocouple. Water saucers were set un-
der the pots of infra-red treated plents to keep the water
suprly constant., Two lamps were used, and directly under
each lamp two Na?,4-D treated plants were placed. |

(2) Result

Plunts in infra-red when treated with one drop of
2,4-D solution by plnéing 1t on the leaf base even showed
less effect than control plants. When they were treated by
dirping one primary ieaf 1n£o the 2,4-D sblution, there was

no such differences vetween the rlants ir infra-red and

*Conducted in March, 1950, . . \ ‘ .
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control plants in greenhouse. Some times plants in infra-red
showed greater swelling of stems. But this effect was too

slight to be significant.
E. Undetermined Seasonsl Factor

Under greenhouse conditions 1t was observed through
a period of 3 years that 2,4-D showed much higher effect on
ked Kidney bean planﬁs in summer time and much less in
winter time. For example, one single drop of water solu-
tion of sodium salt of 2,4-D at 1,000 ppm when placed on the
base of primary leaf blade during August, will cause great

curvature of stem; whereas in January the same amount of
2;4-D and the same method of application showed no visible
effect at all (kef. Fig. 5 and Flg. 6). It was observed
that Na2,4-D at 500 ﬁpm could cause killing of young bean
plants whén one of the'primary leaves was dipped into the
solution during early October (kef. Fig.l); whereas by the
same method of application of £,4-D at 1,000 ppm (Ref.
Table 10) or even as high as 2,000 ppm (Ref. Table 14)
during January plants were recovered from treatment after
two or three weeks. No attempt was made - to find out this
seasonal change statistically. But as a matter of fact
under Michigan condition 2,4-D aldne causes less damage on
bean plant from the end of Decembsr to the beginning of

March in greenhouse experiments.

o
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It 1s generally believed that photoperiod, 1light in-
tens;ty‘and heat of the sun are the main factors determining

thisAseasonal variati on, But according to the previous

experiments even 1f the light period, light 1ntehs1ty and
heat ray were increased by the use of infra-red lamp, no
greater effect of 2,4-D could be obtained. What factor or
factors playing this role in nature are still waiting for

determingtion.

6e Inhibition of Photosynthesis by 2,4-D

'The rate of photosynthesis may be measured either by
determining the concentration of materials entering into
the reaction (carbon dioxide) or by determining the con-
‘"centration of the end products (bxgen, sugars, dry welght,
starch, etc.). One of the oldest and simplest method is _
based 6; the fact that bubbles of oxygen are liberated from
the stems and leaves of submerged aquatic plants during
photosynthesis. By measuring the emount of bubbles per unit
time under one set of conditions and then another, one may
obtaln information as to the factors effecting the rate of
photosynthesis. The method i1s not highly accurate but may
be used 1f sufficiently great changes in the environmental

factors are involved The follow'ng experiment was based on
this principle and the action of 2,4-D upon nhotosynthesis was

tested.
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Experiment I¥

(1) Method and Material
Vigorous twigs of Elodes had been cut into one inch

cuttings with their terminal and lateral buds trimmed off,
These cuttings were immersed in beakers containing the
solution of the sodium salt of 2,4-D in varying cdncentra-
tions of 50, 100, 500, 1,000 and 2,000 ppm. An inverted
funnel was put in each beaker to hold the ¥lodes cutting
under 1t. The stem of each funnel was, then, covered by an
inverted vial filled with the solution; so by replacing the
solution the liberated bubbles of oxygen would be collected
in this vial. The cuttings began to liberate bubbles as
soon as a 200 watt light bulb was turned on. -After 20 hours
the vials containing oiygen bubbles were separately sub-
merged in a water tank. The gas passed through the inverted

funnel and then into scaled pipettes to be measured. The

. temberature of the solutions was also measured. It variled

from 29 to 30° C depending upon the concentration of the
solutioh, although these beakers were kept in same distance
from the light bulb, |
‘ (2) Result

By five repehtéd‘experiments 1t was found that 2,4-D

did inhibit photoaynthesis'gradually as the concentraéion

increased and the time elapsed. The data are presented in

o

Table 17,

*¥Conducted in November, 1949.
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Table 17

Average amount of Oxygen liberated by one gram Elodea cuttings
after 20 hours in the solution of 2,4-D salt.

Treatment : Average amount of oxygen
liberated (ML) '

“Water . P.14 -
2,4-D at 50 ppm 1.75
2,4-D at 100 ppm : 1.79 ‘ '
2,4-D at 500 ppm _ : l.64 : o
2,4-D at 1000 ppm - - 1e47 ' :
2,4-D at 2000 ppm - 1.01

- - ————— - a—

‘However, the rate of photosynthesis was not éignificant&y
reduced until the concentration of 2,4-D was higher than 500
ppm.s The amount of oxygen liberated by the cuttings sub- R
merged in 50 or iOO ppm of 2,4-D varied in each repeated ex-
vperiment. No difference. was observed between the treatments
within a period of a few hours. Nor.was the photosynthesis
"completely inhibited after 20 hours in 2,4-D solutions. The
change took place gradually rather than abruptly,.

| The number of the bubbles liberated in certain unit of
time by the cuttings can not be depénded a3 the measurement
of photosynthésis in this experiment, sincebin high con-
centration treatmenté, such as in 1,000 and 2,000 ppm of 2,4-ﬂ,
numerous bubbles were liberated in each minute, £ut the size

of the bubbles was very small.

[}

7. FPlant Factors _.
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A. Varietal Difference

Experiment I*

- (1) Method and Material

Ong-week-old Qweet peakplants were used as the ex-
perimental materiasl. Fifteen varieties, including Sweet
Alaska, Confidence, Thomas Laxton, Perfectioh, Mardelak,
Pride, Bdnneville, Cody, Multonomak, Victory Feezer, Meteor,
Early Perfectlion, Perfected Feezer, W.R. Surprise and Oneids,
were planted in 4" pots in the greenhouse, and thinned to -
10 plaents in each pot. Saventy plants of each varlety were
treated. Application of Na?,4-D was made by spraying the
plants until thoroughly wet with a concentration of 500 ppm.
Since the water solutlion did not stick well on pea plents,
a little common soap powder was added as sticker,

(2) Result

‘Three days after treatment, all the plants showed
curvature of thelr stems. Two week after treatment all
varieties except Sweet Alaska and Cody were dying.l Finally
oniy a few plants of Cody and more than 30 plants of Sweet

Alaska survived. Sweet Alaska also showed less swelling of

stem then Cody. _ -

EXperiment JII%*%#
(1) Method and kMaterial
“Four varieties, including Sweet Alaska, Thomas Laxton,

#Conducted in December, 1949,
#tConducted in December, 1949.
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Perfection and Cody, were used to repe et the zrewicus ex-
periment. The seme concentration of NaZ,4-D wax used, but
the é.mount sprayed was less than in thet of %t rrevious
expsriment. Some vlants of each varlety were Ie=ft untreated
for comparison,

(2) Hhesult

Treated plants of Perfection were bsdlly Imjured.
Thomas laxton was slso injured but less serfiom=ly. Cody
showed some swelling of the stems when compered with its
untreated plants. ’ Sweeﬁ Alaska showed mp s%gm of 2,4-D
symptoms (Fig. 8).

(3) Discussion

These experiments 1r}d1 cated that @Aifferemtt varieties
méy have different tolerances to the éi‘:e@ﬁ: aff 2;,44-,D. It 1s
not known whether this tolerance is innerited or not.

However, it was noted that ISweet Alleasie Hhas on 1ts
leaves, whéther errect or drocped, the mﬂxﬂ—mﬁm-prominent
which seemed to vrevent the clinging ol sprsged dropa. Also
it seemed that its leaf surface and plent dmdly were not so
easily wetted as the other varieties. Im thfls case 1t 1s
| possible that morphological differences nztwmesn varietles

have much to do with thelir tolerance of ,4-De




~

Plate 71
9

"Different veariciizz 3I €« plalits Suowed
tne dificrent r=s.onses 1o &,4=-L salt,

Ftg, 8 On tne rigat two Jots uNiTeailcuw and <,4-D treatea
plants of Swect Alasraz s.OncG no visible dificren-
ces in their growta, Os te Ltefi two pots 2,4-D
treated plants of Perfectisn showed great inhibi-
tion of growta wrzen co=_arec wita tne untrewted
plants in tue pear-y _Oot,
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Be Strain Differences
Experiment I%

(1) Méethod and Material

Seeds of 56 stralns of white'ﬁean, obtained from the
Farm Crop Department of ﬁhis.college, were planted in 4"
pots in the greenhouse. Euch pot contained two plants and
six rots of plahts were used for each sérain. Application
of Na2,4-D at 1,000 ppm‘wus made by rlucing a drop of the
solution on the base of both pbrimary leaf blades.

() Result |

These strains showed various degrees of tolerance to
2,4-D. No strain was highly resistant to ?,4—D.' Also no
strain was kill=d by the small application. The plants were

harvésted and recorded in Table 18.

Table 18

Fresh welight o!f white bean shoots determi /ned 1R days after
‘ treatment with £,4-D salt

R

No. of stralns No.of Plants Av:zrage welight of
shoot?plant ( gm)
800 T I * 96
802 " 82
803 " , « 37
804 " «61
- 808 " « 80
806 " 5P
812 " L EP
. 813 ' " .42
814 . " .47
R15 : i " e 36
81lF b e15

——

7mhe welight represents all growth above tha primary leaves.
*Conducted in August, 1949,
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‘Continued 18

r

822 12 <87
823 " « 36
824 f : o4l
825 n 'S 73
826 . m

832 " :22 A
833 - " 64
834 S «45
835 7 " ‘ «56
836 n «63
849 " ' «50
843 . «60
844 o " ‘ .19
845 AL «50
846 b ' 31
852 " o 47
853 "o «68
854 .n « P8
855 . " : .91
856 " «5R
862 : u +«50
863 . " ' ) 0 37
864 " |

865 ' "o :gg '
866 o ‘

872 " . : g’?
873 ) "

874 . o 175
8756 - :

e e 124
882 "

883 ° I :ég
884 " .46
1385 " « 30
886 . " 50
899 ] " : » 30
893 " .18
894 "o .30
895 il ’ 37,
896 ) : " ' o
8109 " L34
8103 " - :54
8104 " 1,10
8105 " L

R10€ _ " .16
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Txperiment II¥%

(1) Method and Material
Strains No.” 200, 816 and 5104 and 2106 which were
tested in previous experiment were sslected as experimental

ﬁéferial.. Application of Na2,4-D at 2,000 ppm was made by
placing a drop of the solution on the base of both primary

leaf blades. Five percent of Geon 31X was added to the
2,4-D solution to increase the herbicidal effect during
this winter time experiment.

(2) Result
A fev days after treatment, the stems of all strains

showed curvature. Tneres was no visible difference between
them.

Howevef, 3 weeks éfter'treatment, all the plents of’
No. 800 had recovered from the treatment, and some new
growth had started. A few plants of No. 8104 and 8106
recovered; while no plant recovered in No. 816. The plants
were hagvested 4 weeks after treatment, and the average fresh
welght above the primary leaves was recorded in Table 19,
For ﬁhe convenience in comrarison No. R00 was taken as
standard strain and regarded arbitrarily, as 100 per cent in

2,4-D tolerance.

¥Conducted in January, 1950,
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Table 19

Fresh weight of white bean shoots determi?;d 28 days
after treatment with 2,4-D salt

No. of Stralns Average vweight of Average welght
shoot%plant (gm)// of shoots on
per cent basis
‘ Ro0.800=100
800 « 34 100
8l1¢€ .03 9
8104 e 32 ! 96
8106 « 20 659

/The welght represents growth above the primery leaves,
e Twenty plants were used for each treatment,

(3) Discussion

A marked difference in P,4-D tolerance was found be-
_twéen strain No. 800 and 816, Both of these stralns were
. sslections from a same cross, Robugt X Farly prolific. Their
plant vigor and appearance were almost the Same; yet they
resnonded to 2,4-D differently. From this reéu;t it 1s
ngges;eg that genetical constitution of the rlant may in-
fluence fhe acéion of 2,4=-D, .

This result agreed with Rossman and Staniforth (54).
They reported that certéin inbred lines of corn were more
susceptible than others and certain single-cross hybrids

were relatively unaffected by aocueous solutions of 2,4-D,
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C. Diploid and Tetraploid Ilants
Experiment I
(1) Method and “aterial
| bipldid and'tetraploid rye seedlings approximately

4" tall were treated with sbrays containing 5,000 ppm of
Na2,4-D in January, 1950, |

(2) Result

Both diploid and tetraploid plents treated with 2,4-D
gqlutfon were stunted when compared with untreated plents.
However, there was no difference between the diploid and
tetraplold plants.

Experiment. II

(1) Methoa and Material

Seeds of ﬁetraploid buck wheat obtained from Ferry-
Morse Seéd 0o., and of -diploid buck:wheat) from Farm Crop
Decaftment of this college were used. Application of
Na2,4-D at 1,000 ppm wuas made by spraying me;ﬁod.

(2) Kesult

According to Ferry-Morse Seed Co. this tetraploid
buckwheat ix resistant to 2,4-D. bBut by repeated experiments
no difference between these and :ommon diploid plants was ob-
served under greenhouse condition, |

D, Observation of Toxicity Inheritance

(1) Metnod and Material |

hed Kidney bean plunts were treated with NaZ,4-D at
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1,000 vre Dy dipping one of the primary leaves into the
sclution when the first trifolliate leaf was é;panding. New
growfh of these plants was inhibited for a long time., Finsally,
they recovered from the'tréatment and bore fruit, and seeds.
The seeds were harvested and stored for some days. Then,
both seeds from fhe recovered plants and from normal un-
treated plants were germinated in petri-dish at room tempera-
ture. ~fter germination they were.carefully planted in
4% pots and moved to the greenhouses

(2) Result

éeeds from reécovered bean plants germinated as soon as
those from unffeated plants, Both epicotyie and radicle -
elongéted normally. +hen they were planted in soil the
treated seedlings emerged no later than the untreated one.
vihen the trifoliate leaf expanded, no 2,4-D sign waé observed
and no accumulation of chlorophyll in the young leaflets.
Floaering apparéntly was the same as untreated plants and
also the date of maturity. The only difference which was’
noticed was the development of planf size. Plants derived
from recovered parent showéd comparatively dwarfed, stout,
shorter. internode and somewhat smaller leaves than those
from untreated parent. However, this seemed due to the fact
that these seedlings came from under-developed parent réther

than to the toxiclity of Z2,4-D.
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E. Doubling and shortening of Onion chromosomes in-

duced by 2,4-D treatment

Experiment I%*

(1) Method and Material

Uniform onion 5ulbs were rooted in clean tap water.
Roots of uniform vigor were soaked in solutions containing
the NaZ2,4-D at 1, 5, and 10 ppm concentrations. After a
24 hour treatment, they were fixed in 3 parts of alcohol and
1 part of acetic acld for 2 to 18 hours at room temperature.
These roots were macerated in 1/N Hcl about & to 9 minutes
‘An the oven at.60° C and, then, transferred to Feulgen stain
for one half houf. The meristimatic portions of stalned
root-tips were placed on slides and a droo oféisﬂ acetic acid
was added. The tissue was thoroughly mashed with a glass
stencil and covered with a cover glaés. Fermanent slides
were made by the smear method. ‘

(2) Result

Aftér fepeated examination of the slides it was
found that NaZ, 4 D dld not stop the cell division at the
concentrations of 1 to 5 ppm after 24 hours treatment. In-
‘hibition of division occured at 10 ppm and no metaphase |
was fonnd where this concentratidn was used.

It was also found that as low as 1 ppm of 2,4-D treat-

. ment,fthe chromosome became abnormally short in occasional

#Conducted in April, 1949.
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cells at metaphase.
The suscéptibility of the oeils to 2,4-D varied from
bulb to bulb, from root to root and even from cell to cell

in the same root.

Experimeht II*

(1) Method and Material
Onion root tips were_used as 1n previous experiments,
. The sume stalning and cyﬁ&logical technigues were used.
This.time the methyl ester of «<,4~D was used. One CC of the
methyl eater 2,4-D was dissolved in 5 CC of 95% alcohol and
then made up 1,000 ppm df'the egter of 2,4-D in water
solution. Treated roots were fixed at intervals of 3, 6,
and 20 hours. Some of the treated roots were not fixed but
moved to clean water at the same intervals, |

(2) Result

Thils experiment was repeated 3 times. In the first
test, 1t was found that in one hour treatment both the
chromosome length and cell division were not affected bj the
ester ofv2,4-D in water solution. Contrarily it seemed that
the cell diQision was'increasod. However, there was no
attempt to prove this point statistically. In the three
hours treatment, the length of chromosome was notably
shortened, and in the six hours treatment, very short

chromosomes were seen (Flg. 9 and 10). The length of chro-

*Conducted in January, 1950. -
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‘mosomes were the shortest wikem mpots were treated more than
20 hours (Fig. 11). It was noted that slthough there existed
a great variation of chromosame ahortening'from root to
““poot and from cell to cell, twt as the time of treatment in-
creased, the degree of shortemimg oi contraction of chromo-
somes increased. The stage that the chromosomes showed their
maximum shortening ygé at mw&@phnse. Sometimes this condi-
tion could still be distincufisived at early énéphase. It'
-was also noted that affected cellls were easily broken in
smear process, and the comtafimsd chromosoms tended to spread
out (Fig. 10 and 14). 7The cell division ceased as the time
of treatment increased. WFEere, agatp, there was a great

.o \
variation from root to raot.

In the second test tine mmme concentration of the ester
of 2,4-D and the same time schedule were used. The oniop
bulbs used this time weres I:roer snd roots were much gtrong-
er. There was little shortemimi of chromosomes even if roots
had been in the solutlion aowver 20 hourse

In. the third test medimm sized onion bulbs and medium
vigorous roots were chosem. Tihe chromosomes showed the
shortening efiect but less pmmmmnnced than the first test.
However, there were many cells shbwing a disorganized
anaphase and 32 chromotids scattered in one cell (Fig. 12).
The disorganization of ths smemhmse was found after three

hours treatment in the soluaifwm. Tetraploid ceilé which
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were appa}ently recovered from disorganized anuphase cells
were found. There were all stages from late prophase (Fig.
iS) to anaphase (Fig. 14). Both tetraploid and deploid cells
co-existed in the treated tissue as if in & hyperchimera con-

dition,

It was interesting that roots treated in 1,000 ppm of
me thyl ester of 2,4-D aid not die, and would resume growth
aséin_when traensferred to tap water if this treatmeht was
*less than 6 hours. A 3 hour tregatment with 1,000'ppm of
sodium salt of 2,4=-D killed the onion tissues even though

‘they were subsequently nlaced 1in tap water,

Tixperiment III™

(1) NMethod.and Material

The same onion root-tiés and the same cytological
technioue were used. Instead of the ester of 2,4-D in
water solution the applicntion of it was made in a vapor
"form.~rThe rooted onion bulb was pleced on the mouth of a
beaker, On the bottom of each beaker, wet ﬁaper towel was
pluced to mnintain a high humidity.- A small vial full of the
liquid ester of 2,4-D stood on the wet paper towel but not
directly in contact ﬁith‘the‘rodts;“ The bulb and besaker were,
’then, closed in'a gluss jar which was air tight so that the
vapor of the ester could not ‘sscape from the jav.

(2) Result

After a 24 hour treatment, the treatéd roots vere
#Conducted in :ebruary, 1lv0.

.
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fixed and examined. It was found that both doubling and
shortening of chromosome had been induced, much the same as
in Bxperiment II. The shortening was not so serious, but the

frequency of doubling seemed 1hcfeésed, éince'mﬁny cells were.
found with disorganized anaphase. _Treated roots, after

transferred to tap water, could resume growth with more

chances of living.

&




Plate VI1I
Shortening of the chromoaomsa in onion root-

tip cells cauced by the ester of 294=D
treatment,

FigZe9 Normal chromosomes at metapnase of mitosis in
onion roote-tip cells, _ -

o

Fige 10 hotab;y snortened chromosomes in onion ruut—tzp s
cells resulting of 6-hour treatment with the ester
of 2,4=D, Notice also the constriction at:
attachment. - -

Fiz. 11 The shortest caromosomes and serious comstriction
: at attachment showed in onion root-tip cedils ‘
resulting of 2,4-D treatment over 20 noura.






Figse 12

Plate VIII

Doubling of tne canromcsomes in onion root-tip
cells induced by the ester of 2,4-D treatment

Disor,anization of anaplhase in onion rvot-tip
cells induced by z,4-D treatuent, :

O

Fige 13 Induced tetraploid cell at late propuwse,

Fi;

B5e

14

Induced tetraploid cell at anaphase,

This cell wus shuowin, perfect anaphase,
Unfor&ungtely it was broken in taking a micropno-
tograph and sowe chromatids witn tne cytoplasm

‘separazted to tue right side of this cell ),



Fiz. 13

o
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'(3f4 Discussion

Slight shortening of the chromosomes caused by chemical
treatments has been rerorted by numerous authors, especially

with colchecine. However, none of these effects from other

chemicals were as pronounced as the results obtalned with
the ester of Q,Z-D. t 1s significant that the 2,4-D
shortened chromosomes could recover when subsequently trans-
‘féf;ed to tap water provided they had not been treated with
this compound for -more than 6 hoﬁrs.

This 1s the first rerort that the ester of ”y4-D has
the abllity to cause doubliné of chromosomes. The manner in
which this compound brilngs qbout the doubling of chromosomes
-differs fpom that of the colchepihe in that poléhecine
sunpresées the srindle férmation, the ester of 2,4-D dia¥
organizes the anaphase. How fre~uent 1s the occurrence of
chromosome doublinig caused by the ester of 2,4-D remains un-
known. but the‘chancg is apparently much less than with
'colchecine, and 1t 1s also not known whether this treatment
caﬁ be used 1n producing polyploid plents,

Although the osﬁer of 2;4-D-1s seldom'ﬁsed to control
.weeds in érops, the rossibility remains thet the sodium salt
end amine form of ©,4-D might incduce chromosome doubling too.
Therefore, it 1s.questionable to use 2,4-D to control weéds'
in grain, sugar cane or other crop fields which are for the

purpose of seed production or vegetative pronagation., The
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. .objéction to the ester of Z2,4-D or perhaps other forms of
2,4-D 1s probably not due. to its herbicidal damage but due
‘to0 the possibility that mutations or "bud sports" might

be induced; this in turn would lead to variation within the

variety.

IV Summary

-

A

(1) These experiments deal with external and internal
envirbnmental factors which affect the action of 2,4-D,

(2) It was found that a plastic material, Geon Slx,.greatly
increased the action of Naf,4-D. The exact mechgnism
for this increased action is not known. Perhaps the
entry of 2,4-D into the plant 1s faclillitated, and also
the build;gg up of the internal temperatures during day-
time may in part account for the increased actlon es-
peciall& in cool weather. However, many coatings or ...
plastic materials other than Geon‘SIX did not show this
effect. e . . |

(3) Through two years experiments, it was shown that 2 Amino- |

T 2=Mgthyl~l-3-propanediol, amrimary alcohol, increased

the action of Na2,4-D in winter but not in summer under
greenhouse conditions. |

(4) By the addition of sucrose and potassium phos phate to

Na2,4-D in water solution, such as suggested by other

- workers, the herbicidal actlon was actually increased.
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Here it was also found that potassium sulfate, ammonium
sulfate and magnesium éulfate, when combined with su-
crose, also increased the action of Na?2,4-D,

It was found that allyl Alcohol, potassium forrocyani&e

and sodium hypochlorite decreases the action of,Na2,4-D;
In the course of these experiments, s number of chemicals
were tested and showed no definite result either iﬁ in-
creésing or decreasing the action of 2,4-D.

Natural factors, such as light, carbon dioxide, humidltj,
infra-red rays and plant temperature under conditions

of the expefiment did not produce sny change in the mode
of action of é;4-D. However, sonme. undetermined or un-
known seéaonal factors were encounted which resultead

in a variation of 2,4-D effect during summer and winter
months under greenhouse.conditions.

By the use of Elodea cutting test, the inhibition of
photosynthesis caused by NaZ2,4-D was proven and measured
numerically.

Plants showed all degrees df susceptibility to the

2,4-D idjuryufrom*variety to variety and from strain to
strain, However, deploid.and tetraplold plants showed
little difference in response to this compound,

When the plants gecovered from 2,4-D treatment and, then,
initiated the flower buds, the s&eds from them did not
carry toxicity of 2,4-D to the next generation.

By cytological study on onion chromosomes it showed
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that Na2,4~b in as low & concentratlon as 1l ppm could,

in some instance, shorten the chromosome length. The

ester form of 2,4-D, when used in high concentration

in water for a peribd of 6 to 20 hours, seriously

shortened the length o!f chromosomes, and occasionally
doubled the number of chromosomss. If treatment was
less then € hours and 1f the treeted roots subaequéntly
wore.placed in tsap -aﬁér, they would resume growéh. The
manner of doubling of the chromosomes induced by the.

ester of 2,4-D was through disorganization of the ana-

phase. The vapor of the ester of 2,4-D slso doubled the

number of onion chromosomes.

It is suggested that since 2,4-D may produce. profound
changes in chromosome behavigr, further study along
this line may be profitable in cytogenetics and plant

breeding work,

T,
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