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~ Very few 1nvestigations have been made which
report dlrectly on the effect of the plant growth regulator
2,4-D on a great group of plants, prlnclgally grasses and.
1egumes,_the forages used by livestock. - fUnder certain
conditions such growth regulation. substances may effect
considorable changes in the chemical composition of‘higher.
plants. The;fact.that forage value may be delibéfately
altered by~app1ying sub-herbicidal concentrations of growth
regulators séems not to have been carefully studied.” An
investiggtion‘appeared warranted and is the subject of this
'research.' )

Under field conditions several sub-herbicidal



2.

levels of 2,4-D were applied at several stages in the
developmeﬁt'of red and white clover, perennial ryegrass,
Kentﬁcky bluegrass, and timothy growing on Ladner clay and
Alderwood loam. Appreciable increases in dry matter and
nitrogen yield obtained in certain treatments. Other
significant effects ﬁere noted in flowering and seed prod- 
uction. Confirmation of the field results was obtained

in greenhouse studies on red clover and Ol1li barley. A
search for the source of the increased nitrogén did not
-féach a definable end but work with the influenée of
treated piants on soil Rhizobia and Azotobacter suggest
that 2,4-D applied to forages may in some instances modify

the ecology of the soil flora.
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QUALITY CHANGES IN FORAGE CROPS FOLLOWING APPLICATIONS
OF 2,4-D. .

I THE INTRODUCTION'

‘Since 1933, when Kogl, Haagen-Smitfi and Erxleben
announced the isolation of auxin a (auxentriolic acid),
many substances have been found to possess growth regulating
properties, thousands of papers have been published about
them, and dozens of uses with many species of plants have been
described for them. Hoﬁever, very few papers report direct-
ly on their effects'on a great group of plants, principaily
grasses and legﬁmes, the forages used by livestock.

Under specified conditions growth fegulating<sub-
stances may effect considerable changes in the chemical
composition of the plant. The fact that plants treated with
such materials may have an altered nufritional value has
‘been given scant attention. The fact too that forage value
might be altered after applyihg;low_concentrations of growth
regulators seems not to have been entertained. An investi-
gatlon of the possibility appeared warranted and is the
subject of this research. | o

A first step to the solution of the problem of
modifying the nutritional wvalue of forage using growth
regulators was to deflne the nature and magnitude of the chem-
ical changes and the circumstances under which they could be
effected. The growth regulator used in our studies was

2,4-D (2,4-dichlorophenoxyacetic acid) because 1t is
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Inexpensive andrwidely used. Changes in hitrogen
metabolism and the associated dhanggs in carbohydrates
were the subject of the most intensive studies. The special
attention directed towards nitrogen metabolism arose as
a result of the fact that, on occasion at least, the crude
protein or Kjeldahl Nitrogen percentage of a forage could
often be iﬁcreased without loss of dry matter yield follow-
ing light 2,4-D applicatibn, Since protein percentage 1s
a major factof‘in determining forage quality, specilal
attention in this direction seemed warranted.

Attehpts to find reasons for the crude protein
increases have led to studies with soil microgrganisms‘
known to be important in nitrogen fixation, notably the

Rhizobia and Azotobacter.

Forage whosevcomposition had been modified by
2,4-D was not in this series of studies, subjected to
that which.sbould‘ultimately follow, feeding trilals with

grazing animals,



II. THE REVIEW OF LITERATURE

~ There are severéi exce11ent reviews on the
subject of plant growth fegulatofs. (103), (109), (81),
(36). The following review is therefore, in é sense,
a summary account, invwhich speclal reference is made to
studies which appear to bear rather directly on this
research,
‘ 1. The background for modern studies on growth
regulation.in plants,
| Julius Sachs, nearly a centufy ago, from a series
.of bold é;periments, decided that there are special sub-
stances which regulate the-growth of different plant‘organs.
His "léad", however, was not pursuéd very effectively and
growth and movement in plants, usually considered as
distinctly different phenomena,'were viewed'as'a resuli of
external stimull. Some support for Sachs! views were
given by Ch. Darwin in his treatise (1881), entitled,
"Power of Movement in Plants'", wherein he noted that é
labile substance in certain ﬁlaﬁts moves from lower parts
to upper pafts causing movement of leaves and bending of
shoots. Prior to the work of Fitting (190?) little |
penetrating investigation>was undertaken, although the works
- of Pfeffer (1890), Haberlandt (1905)and Oltmenns (1897)

maintained interest in growth phenomena. Fitting Shed
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new light on fhe conduction of the ﬁphototropic stimulus”
in the coleoptiles of graminaceous plants. He found that
the stimulus could be transmitted laterally as well aé\
llengthwise and that it was not impeded by two incisions
on opposite sides of a coleoptile up to 3/4‘of the width.
He found, too, that in a plant exposed to a sublethal
temperature of 4000 én active princip}e was inhibited
or inactivated, Modest success attended Fitting's efforts
to chemically characterize a growth regulating substance
in orchid flowers. - |
From the laboratory of F.A.F.C. Went, in the
second decade of this century, came a series of investigatiqns
ascertaining-threshold value and presentation time
required for stimulatiqn by 1ight in etiolated coleoptlles

of Avena sativa. The techniques developed became favorites

for experimentation relatlive to the auxin hypothesils.

A truly declslve step came in 1926 when F.W. Went
isolated in agar cubes a subStance, termed then, auxin,
The problem, says Weevers, soon became one for the
analytical chemist. After a lengthy and difficult chemical
research Kogl and his associates were able to prepare the
auxin in crystalline form, but in amounts so small that it
could not be fully characterized - although over 100,000
méize‘céleoptiles were used In the isdlatioh. Then, from
‘& convenient source, human urine, Kogl, Haasgen-Smith and

Erxleben isolated an active substance, later termed auxin-ea,
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in sufficient guantities to fully characterize 1it.

Aﬁxin—a was shown to be acidic, to have a

molecular formula of 018H5205“and a probable structural

formula of

CH iy CHg
) e
CH - CH. - CH - CH” - “CH - CH - CH, - CH
3 2 3
' i H H H
HC.__C - C=-CH_ - C - C - COOCH
' 0 2 o0 o
H- HE H

Other auxins were obtained later. From maize
0oil Kogl and his associates isolated the less active auxin-b.
in 1934, a‘spbstancé with a molecular formula of CjgHz,0,

and a probable structural formula of

CH, ¢ CHs.
c - éH c'// o é CH - CH
H, - CH, - - CH - C - CH, - CH,
l ’ H H O
CHe—eC -C-C - C - CH_ - COOH
0 H 2 |
H

-In 1934, too, Kogl 1solated hetero-auxin or indole
acetic acid. In parallel work by Neilson, whé isolated
it, and by Thimann, who characterized it, the -same substance

was isolated from cultures of the fungus, Rhizopuétsuinus.

It proved to have the formulae: chHQOSN and



6.

Hd//f\\c C - CH_ - COOH
I
\ A\

Iéolation of auxin-a and auxin-b has not
been répeated, for it soon became apparent that
hefero-aux}n,’in nature, was the most common growth
substance. There 1s n9°doubt to-day that it'ig of general
'importance.as‘a naﬁural plant growth substance. |
Not long after the isolation of indole acetic
acid in»1954, several groups of workers were able to show
that a number of chemicals possessed growth regﬁlating
a¢tivity;.some of them are synthetic and have not been
demonstrated to occur naturally 1n:plant tissues, .
Bonner places these active substances, which
.to;day form a long list, in four categories:
a) indole derivatives other than indole acetic acid
b) hephthalene derivatives
¢) phenoxyacetic acid derivatives
d) substituted benzoic acids
At present emphasis is bé;ﬁg placea on the
synthesis of homologs and analogs of the'naturally
| occurring auxins, gnd 6n the role of auxins in inter-

mediary metabolism,
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‘2. Definition and structural requirements of”
growth regulator3¢

As has been noted, growth substance activity is.
- shown by many quite different Substances, some occurring
vin’nature and some synthetic. Definitioa, however, of growth
substance activity is not simple. Bonner (17), probably J
correctly,'implies that all growth regulators are active in.
the pea curvature test, 1.e. are‘effectiye in causing cell -
elongation. He_points out, of course;.that any'giten “
active compound_reacts differently to the other "growth.
tests", such as the‘tomato petiole bending test, the
etiolated éggggwcpleoptile curvature‘test, the Avena section
test, the root initiation test,‘etc.ﬂ The‘differences‘may_
sometimes be quite spectacular' for example, naphthalene
acetic acid is only 2 5/ as active as indoleacetic acid in
the oat-curvature test, but it 1svmpre effective'than
indoleacetic in the split pea curvature test. in part,
the differences in résponse may.be explained by differences
in "transportability" of the different growth substances,
by differences in dissociation constants and eo forth,

 To possess primary activity Koepfli, Thimann
and Went (47) in 1933”postu1ated that the following minimum
structural features must be pceseesed by a growth substance:

(a) a ring system as a nucleus, (b) a double bond in the ring
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system, (c) a side chain, (d) a carboxyl group on the side
chain, or a group readily converted: to a carboxyl group,
at 1east one atom removed from the ring, and (e) a particular
space relationship between the ring,and_the carboxyl group.

| Subsequently Thimann (105)'haé éuégested that the
carboxyi_group requiremént.should be broadéned,and stéted
merely as an gcid group which is not too highly dissociated.'

Veldstra (101), too, would exﬁend the structurai |
requirements forAéctiﬁity. Hé_nqtgs”thgt the basal ring syQA.
tem must have a high surf;ce_activiﬁy an@vtﬂét the'unsaturation
of the ring is also necessary for aetivity;_ This unsaturation
cannot be replaced by unsaturation on the side chain,
- Van Overbeek*(94) finds, that in general increasing the 1ength
of the side chain decreases activity. Insofar as pH may
modify the structpfé of'&uxins, in a sense, 1t too 1s a
"structural” requirement for penetration and aétivity of
the auxins (Blondeau (15) ). S S
o Varied though the chemical nature and‘éctivity of the

many "growﬁh substances" may be, it appears that these
compounds, v&fiously, but synonymoﬁsly,”permed "growth
substance", "growth regulator" and "auxin" have in common,
the ﬁhyéi@iogical characteristic of prqmqtingﬂelongation |
.of cells and the structural characteristic of having a |

'specific type of molecule.
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Auxins, it is now clear, are but a class of
phytohormone. Other kinds of organic compounds whiéh
regulate plant physiological proéesses are being isolated

and characterized viz. the reproduction carotenoid

hormones, cis and transwdimgthyl crgcetin,.the wound
hormone, traumatic acid, and others.
3. Forms of-auxin in thélplant,'_ .

Auxins and related compounds_gcéuruin the plant
in a variety éf forms: in a_free_mglegglar'férm, and in
association with other molecules fqrm;ngma complex (17).

The group of free molecular forms contains acids such as
indoleacetic acid, auxin-a, etq;_anq_neutrgl forms such as
'indbleaceticglﬁehyde? auxin-a laqpone?;etg: ?he bound forms
yleld free auxin only after éutolysig of the plant tissues.:

- Van Overbéek (36) states thét free éuxin has
been isolated after enzymatic digestion of proteins |
isolated from seedsAand from spinagh“iggves.‘ He;noteé,Ahow—
'ever, that some bound forms may not contain augin in a more
or less free acid form, but_may’rgguire“awserieg of oxidations
to makeAthe_¢anefsion. Furthep»to Fhis‘@e.aéds that the
status of bound auxin is very much in doubt, but that a high
‘1eve1 qf frggmauxin_iéAfrequently assoclated with a high
level of auxin'activity.

4, Auxin physiglogy,

a) The fundamental roles.

From the point of view of applied physiology the
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_ auxins play a multitude of rolss and each growth regulating
substance may play}the-foles with different intenéities.
It seems now that auxins exert their multiple effects
as a result of controlling a feW"fundamental‘physiological
processes,
J. Bonner' (18) Eﬁd‘ﬁSSOCiatés ih 1946 isolated
an auxin protein with the properties of a ﬁhosphatasé,_an
enzyme closeiy assoclated with tﬁe releaé§~of'eneréyffrom.
phosphate bonds. -From'tﬁ;s énd later wdrk:it'abpearé that
auxins regulate the‘energy,“flowingP t9 a number of
synthetic processes. In van Overbeékfs‘words "guxin would
be the foot on thé thfottie." These:gesegrcﬁgs'éonfirm-
_and extend thosevof Thimann and associates (ég),.Who,
in 1939 were able to demonstrate thaﬁiggxin'treated'oap
coleobtilés showed increased respirg?ign_rates and that
there was avliﬁkage with the Krebs cycle.
| Elongétion”rémains‘aé»thewméstmgirectly record-
ablekgenéfal.role of the auxins. They appear to make cell
wall more plastic, which, in turn;vresultg_in increased
diffusion pressure deficit inside the cell. The further .
result of fhis is for‘the cell to take ub wgter'and eloﬁgate.
‘What, then, is usgglly_referpéd‘§owés the "grthh'effect" |
of auxins is;reallybgell elongation.

b) Auxin translocation.

Auxins are tran§§ort§d "papidly" inside the plant

in at least three different ways:_;'
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. 1) through the phloem, 2) through parenchymatous tissue

: devoid of vascular bundles and 3) thﬁaﬁgh'tﬁe xylem trans-

piration ;tream.. Weaver and de Rose (99) found they could

H pasS‘upward through dead. tissue but not downward. .Oddly

enough too, they found that stomata were not portals of

| entry for leaf sprays of the hormonse. A number of

investigatiqnsvhavg shoWn that auxins are present constant-

1y in all living,plant tissues, but are most abundant in
the meristems. |

¢) Auxins in gall and nodule formation

Of some physiolbgicailgﬁpgrest_13.the role of
' auxinsvin gall and nodule formation. Observations
relevant to this phase are of special interest to oﬁr
researches reported upon later. Crown galls caused by

Phytomonas tumafaciens have a high au;inﬂgohtept. Auxins,

however, do not produce the é%llsAdiréqtlyi it has been
conciuded‘(SQ) that the production of galls involves two
phases, a) the bacteria chaﬁge'noymalbhpst cells to tumour
cells and b) the auxin'prqdqud_by'tpgwhgsp;induces the »
neoplastic cells to actual tumour formstion. Auxin, too,
plays an';mpqgtantf?qle.;n nodu;gvfor@§§1op on legumes.
Here again, the Rhigoblum, although quite capable of
producing‘auxin ig_vitrowgegmtho qﬁépgewtpejCells of the
host in such a way that they are "conditioned" to grow.
Coincidentally witb thevingrgasgd ggx;n"prgduction in the

developing nodule is a very exact chromosome doubling in
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bacteroid cells (Wipf and Cooper (100) ). It may be the
on . .

effect in the chromosomes is a direct one and mutagenic.

(see Unrau (100) ).

d) Auxins and enzymes.

In plants, asﬂhas been noted, auxins appear to
functiqn by regulating‘enzymatic proceéses especially thosé
involved in energy releasing processes. The researches of
Thimann et al (89) have demonstrated ﬁhe”probab;e relation
of auxins to the energy yielding Krebs cycle, and Bonner
et al (18) have further supported the argument by associat-
ing auxin'directly with phosphatase activity. |

Puzzling relationships of auxins to enzymes,
hoWever,-remain.b Euster (34) found for example that auxin
retarded the action of isolated diastase, but emhanced
the activity of "the diastase adsorbed qn,charcoal. Berger
aﬁd Avery (14) found that napht@alepeacetic acid inhibited
glutamiqvacid and isocitric dehydroggngggs,_but thét

\indoleacetic‘acid,inhibited»only the first named enzyme.

e) Auxins and vitamins.

In animals thefjglationships of hormones to
vitamins and to enzymes have been the subject of intensive
study. 1In plants, however, the :elapionships have not
been accorded the same attention. Luecke,'Hamner and Sell
however, have found that the auxin ﬁormohes, when apﬁlied-
to leaves of the bean, gpnerally\redgcéﬁvphe thiamine,'

riboflavin, nicotinic acid and pro-vitamiﬁ Alcontent, but

(53),
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that they increased'thebpantethenic acid content. 2,4-D,
for example, reduced the carotenoids by'as much as 1/3.
Mitchell et al (61) found that anxin treated fruit after
a perlod of storage-contained 45% nere ascorbic.aeid thén
the untreated fruits in etofage. Hey and Hope (44) were
able to relate the herbicidal effectivenese of auxins

to vitamin K levels in plants - the piants”with the high
vitamin,K contents%succumbed eesily to herbicidal auxin
levels, |

f) Auxins in mineral nutrition.”

_ Auxins may significantly influence the mineral
nutritien'of-plants. Brunstetter (25) found that leaves
treated with 3-indoleacetic acid shoned increases in K?.

Mg, Mn and'B. -Seme"increeses Wepe.eieev?ecorded for P, Al,
Fe, and Cu.‘AWentv(loz) found some_eyigence that auxin,
added tovthe nutrient-eolution, partially overcdie zinc

and beron deficiencies. Rhodes, Tenpleman and Thurston (75)
found that_inCreaSing concentrations of methoxone reduced
potassium uptake;‘but did not apnréCiably elter the uptake
~of Na, Mn, Ca, and Fe. They admitted to a number of
possible interp‘retatione of their data, admission’ which
‘seemsvto”be*bharacteristic'of5most'of the studies in this “°
field,

g) Auxins in nitrog;n metabolism.»_

The relationshlps of aux1ns to nitrogen assimil-

ationbare being actively sought for and delimited. As
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yet the fundamental body of thought seems to be largely
in the making and some incoherence in the literature
accordingly may be expected. |

How intimétely auxins relate to nitrogen
metabplism and assimilation is problematical. It is,
- of course, obvious that they influence it indirectly
through their‘well-known influence on carbohydrate -
metabolism. It is a freqﬁent observation, fdllowing
follar applications of auxins to growing higher plants,
to see the foliage green intensifying. These and other
observations can often be associated with metabolic changes
involving protein synthesis. In more detailed observations,
Mitchell (65) found beans treated with auxin had higher
nitrogen ievéls than untfeated beans. Smith et al (84),
Borthwick, Hamner and Parker (19) and Wort (106) found
hitfogen to decrease in bean iea%es, but tokincfease
in other plant parts following auxin applicationé.
Rasmussen (74) found 2,4-D applications to be associated
with increéseé in total sdluble nitrogen in dandelion leaves.
Davis, (86), using bean seedlings treated:with indoleacetic
écid, found nitrogen moving from plant upper parts to lower,
Gordon (38), Studyingvrooting,responses of Hibiscus cuttings
to auxiﬁs,“found soluble niﬁrogen highesf at the base of

the treated cuttings, but not on the controls. Sell (79)
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and others found protein and amino aCidsﬁaccumulating

in the stems of anxin treated bean plants and noted
declines in~aSpartic acid but 1ncreases in lysine, valine,
" methionine and phenylalanine. Borthwick and associates
(19) under somewhat differentbconditions.found marked
increases_in protein in meristematic areas subjected to
auxin influences,“_Recordingmthe changes in nitrogenous
constituents followingwauxin;tpeatments seems, not yet,

to have taken physiologlsts very far ;n~re1ating“theee
phytohormones to nitrogen assimilation. .

Alfhough good experimental evidence is yet
forthcoming, Chibnall (29) has suggested a very probable
hypothesls that the protein levels of leaves are determined
by phytohormones. Whether or not auxins are the hormones
invoelved cennot_yet be statedf'VA“eomeWnat:similar vieﬁpoint
is to be found in the sugge_gtion t_;y_Ali-iZa»cie_ (4) that
hormones,bpossibly auxine, eentrol the nitrogen'meﬁabolism
of legume root nodules.

if nitrogen metabolism is in fact 1ntimately relat-
ed to the_action of auxins, and, s;nce‘aux1ns are so
extensgively used in agriculture, one might expecf to find
records of quality changes 1n erops. -Casualvreferences are,
in fact, quite numerous, but few detailed studies. are
available, Deepening of the green colour of lawns common-
1y follows herbieidal applicatiqns, To mention a few

other observations: Aberg, Hegeend and Vaartnou (1)
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found 2,4-D sprays increased the nitrogen content of wheat,
flax and peas. Erickson, Seeley and Klages (33), using
2,4;D in wheat, obtained increases in the pfopein of the
grain of 4.6% (from 10.9% in the control to 15.5% in the
treated plants) and voiced the view that such responses should
be takeh into considération in the control of weeds in
wheat. 'Oh the Great Plains, 2,4-D is used extensively

to contrq} annual weeds in grain crops and quality in the
wheat crop is, in somé measure, assoclated with 1its proteip
content. It is interesting to notethat Aitken, Meredith

and Olson (2) found significant increases.in the crude
protein ofvwheat, barley and oats which had been sprayed for
weed control. They suggested thatwthgyg ;s'a period during
the growing period when applications of 2,4-D may cause
changes in thg quality_or bread“wheat_aﬁg‘malting barley.

h) Auxins in carbohydrate metabolism,

One of the‘gommonly récorded changes‘iﬁ chemical
composition of higher plants following 2,4-D application
is a rapid increase in the percentage sugars in leaves.‘
Mitchell and hils associates iIn a series of papers (62),
(63), (66) have, for example, recorded that under certain
treétments with indoleacetic acid that In leaves placed
in darkness, the percentage sugar increased to twice
the percentage in the controls within four hours. The
source of sugars appear to be the starchy reserves

which are depleted as the sugars increase. When, however,
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the starch reserves are depleted, ofteniin the field

after two weeks,‘decreases in the sugars ensue. It is fairly
generally belleved that herbicidel levelsiof auxins height;
en respiration activity to the point where thebcarbo-
hydrate reserves are depleted and death through starv-
ation is a result. Sell et al (79) found that as total
sugars decreased total protein increesed and suggested that
protein synthesis Was_"fostered" at the expense of
carbohydrates in'the nlent' In the experimentsvbyréell

et al, crude fiber, too, decreased in kidney beans treated
with 2 4-D”' Most workers, however, found that crude

fiber changes very little following auxin treatments

(Aberg, Hagsand and Vaartnou (1) ).

i) Auxin and soil niCro-orgsnismsm |
Patterns of auxin activitjiin-the soil'snd in
soil micro-organisms are not yet well developed.
Many soil- bacteria are capeble'of producing auxin

in vitro;i Bacillusﬂradiobacter, for example, which occurs

in the soil and in 1egume roots is a "free producer of
auxin. Rhizobium too which is directly or indirectly
responsible for_legume root nodulation_produces 1ess.e
(Wilson (104) ). It probsbl&tfollows froquin‘vitro;results
such as the;above; that many‘soil.orgenisms produce auxin
The eddition‘of auxins"to.thevsoil,'artificially,‘
often_effectsuconsiderableichenge_in the ecology of'phe.

soil microflora. Accordiné,to:Worth and McCabe (107)
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aerobic bécteria are usually "sensitive to" added 2,4-D
on the soll, but that anaerobic organisms ére muéhlleés
sensitive., Marcelli (56), Smith et al (85) report, what
appears to be a fairl& common observation, that 1if
2,4-D is added artificially to soil - that the populations
of micro-organisms reduce very rapidly in size at first,
but that later the populations become larger than befdre
2,4-D treatment. The recovery of the microfloral
populations from solls which were not leaéhed,according
to Newman and Norman (68) is due to the fairly rapid
decomposition of 2,4-b by micro-organisms.  Amounts of
auxins reqﬁired to cohsiderably,modify the plant ecology
of the s0il are low: Payne and Fults (72), for example,
found that .075 lbs. of 2,4-D pef acre of soil could |
prevent nodulation of common beans. Carlyle and Thorpe (27)
also note that .5 p.p.m. 2,4-D in the soil will seriously
interfere with nodulation and‘growth of beans, peas, red
clover, and alfalfa.

Very smgll amounts of 2,4-D added to the soil
of in cultures in vitro_wm,ay,_'_"t:oenefit'-i some orgénisms.
Thus Ball (11) finds that the additi;n'of very small
aﬁounts of indoleacetlc acid in a glucose-tryptophane
medium more than doubled the number of viable Eschgrich;a
coli cells in 24 hours. Anker (8) found that endogenous
respiration of "starving?hglycogeﬁ containing yeast cells
was stimulated By heteroauxin. Stimulation of reproduction

was noted in Chlorella vulgaris and Coccomyxa simplex by
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Brénnon and Bartsch (21) when growth substances were added
to cultures in vitro.
| No investigations were found which report upon
the effects on soll microflora following applications'of

auxins to the foliage of higher plants.

j) Auxins in agricultural practice
» Only a brief reference can:be méde to the many
uses to which auxins have been placed,

Went and Thimann in 1934, soon after indole
acetic acid:was isolated and crystallized, discovered
that this hormone promoted root formation in isolated stem
sections of pea seedlings. This discovery has been
followed by an immense amount of study with the result,thaf
to-day, several growth regulating substances are widely used
in the vegetative.prOpagatiOn of many kinds of plants,
herbacious and woody. In somewhat similar fashlion aerial
buds may be initiated (102), (45) by applying auxin paste
to cut stem surfaces., Oh éhe‘other hand, bud development
may be suppressed by thelr use viz. naphthalene acetic acid
is used to prevent bud development and initiation in
potatoes in storage.

The role of auxins in flower formation is far
ffom clear. That théy are in some way involved is un-
doubted. Auxin-induced'flower formation has only been
established with certainty in the pineapple (95). In most
plants there appear to be other agents ﬁhich aré father

directly associated with the auxins in flower formation (51).
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~ Far from inducing flowering in some plants, auxin
applications may delay maturity and thé onset of flower-
ing. (87), (99), (71) ) |
Flowers of solanaceous plants last for an
| -abnormally long time after being.tréated with growth
regulating substances (40), (102) and in some species .
parthenbcarpic'developmenf of frﬁits may ensue, To a
limited extent this fact has been coﬁmercially exploited .
with the development of partheﬁocarpic fruit.

Absciésion of many organs, fruits, flowers,
pefals, and leaves,.is‘sométimes assoclated with a low
auxin level. Abscission of this type mayvbe $siseoted by an
auxin spray. Utiliziﬁg‘this infofmation orchardists have
economically controlled pre-harvest drop of tree fruit.

The effectiveness of certain h&rmone herbicides
is too well known to more than mention it for the salke of
completeness of the review. The persistence of 2,4-dichloro-
phenoxy acetic acid (2,4-D) ahd 4 chloro-2~-methyl phenoxy
acetate (Methoxone) is probably a prime factor in their
effectiveness as herbicides for they accumulate in
meristematic zones and effect an exéggerated respiration,

which, since it is long continuing, is associated with

starvation and eventual lethallty.
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III. THE REPORT ON CERTAIN FIELD, GREENHOUSE AND
LABORATORY STUDIES '

1., Field Trials, 1950-52

Trials were maintained over three growing
seasons (1950-52) with a view to assessing, under field
conditions, the effects of 2,4-D, at varlious times and
concentrations, on the chemical composition of several
forage grasses and legumes commonly grown in the Lower;

Fraser Valley.

a) Location and Materials:

o The trial on the Alderwood gravélly locam
(glacial till and outwash) of the U,B.C. farm in Point
Grey was duplicated on Ladner silty clay (alluvium) clbse
to the Fraser River North Arm at the foot of Blenhéim St.,
Vancouver, B. C, The U.B.C., soil was lbw'in fertility and -
subject to severe summer drought. The silty clay was
productive and moist but possessed a pH level somewhat
below that considered desirable.

The forage species used in ﬁhe trials included

two legumes, Red Clover (Trifolium pratense) and White Clover

(I. repens) and three grasses, timothy (Phleum pratense),

perennial fyegrass (Lolium perenne) and Kentucky Bluegrass

(Poa pratensis). All seed used was "commercial.
| Prior to seeding, the land at both locations

received 800 1lbs. of‘agriculturai lime per acre.
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The sodium salt of 2,4-dichlorophenoxyacetic
acid was the growth regulator used, largely. because it is

readily available and commonly used.

b) Methods:

Ultimate plots for all treatments were 9' x 18°',
of which an aresg,6' x 15' was harvested for yield; Each
treatment was replicatedmfive times but only four replicates
were used for:- yleld; one was used for studying seed
production and viability. All séeding‘was in 10" rows using

non

a one-spout "Planet Juriior" "push seeder”. Only“the
Kentucky Bluégrass seeding>oﬁ the Ladnerfclayvfailed to
produce a good stand in‘fhe spring of 1950; 1t was reéeeded
in August 1950. The plots were kept free of weeds by "push

hoe!

and "hand pulling" so that stands were, in all'caées,
"pufe" sténds. f |

) - The 1951 growing season started slowly, following
snows in late March, but in May growth was very rapid and
the first spraying was accomplished on May 12th. All spray
applications were made with a low pressure knapsack sprayer
and aguaeous solutions of the sodium 2,4-D wérevalways used,

In one series of experiments, 2;4-D in different

concentrations was employed. The range of concentrations

on clovers was from .0l to 1 1b. and on grasses from .1 1b.
to 8 1lbs. parent acid per acre.b In a second series of
experiments, 2,4-D was appliedAat'difﬂérent times. Spraying
in this series was undeﬁtaken'ih May and in June at Véﬁéy

intervals.
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The plots on the'Ladner'clay were harvested on
June 23rd and on the Alderwood gravelly loam on July lst.
Fresh welghts were taken and 1- kilogram samples were taken
for determining dry matter, erude proteinmand invert sugar.
Records were taken from time to time on flowering
behavior and seed setting. |

The chemical analyses were accomplished in the
winter of 1951-52. Official A. O A, C methods were used.
-Analyses were in dnplicate or triplicate.

In the summer of 1952 obseryations were made on
all plots (including those of the ﬁbiennial" red clovers),
vEffectS'of 2,4-D which might'"carryofer" into .the second-
.year after treatment'were'sought for. In addltion, a new
series of treatments was superimposed on the 1951 U.B.C.
treatments, the object of which was, primarily, to determine

the effects of 2,4-D on flowering intensity and maturation.

¢) Results:

Red cloverlf vid., Table I -~ the effects of 2,4-D

concentration on red clover and Table II"- the effects of
time of 2,4-D application on red clover.

An examination of the data in Tables I and II will
show that yleld and'protein levelsrof red clover, a8 biennial,
.tap-rooted legume, may be materially modified by 2,4-D applic-

ations,

#Many of the red clover plants persisted for a third year

on the plots.
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Marked variation in feftilitj occurred over
short distances in the Alderwood soiis. Nonetheless,
significentincreases in mean yield over the control were
recorded with all concentrations of 2,4-D (applied May 12th
when the plants were yet vegetative) except with the highest
concentration. With the control yielding,on the average -
3805 1bs. per acre the highest yielding concentratlon,
giving 5435 1lbs, per acre, was .05 lbs. 2 4.D per acre,

Ladner soll was more homogepeous and while ‘again’
significant increases in mean yield over control were
recorded fo?iiéw epncentrations'of 2,4-D the 1lncreases were
not s0 stfiking, Where the average yield of controls was
6400 1bs. per acre .1'1bs.‘2;4-D per acre increased the
yield to 7200 1bs.‘per éere. Higher concentrations of 2,4-D
(viz. .5 and 1.0 1b. per acre) markedly depressed the red
clover yields.

Grude protein pereentage, as the tabled data will
show, increased significantly. There was no indication |
from the harvest taken in a more or 1ess optimum hay cutting |
time, weeks after the actual 2, 4 D was applied, that this
increase was at the expense of the suggrs in the plant.

Acre ylelds of protein again were significantly
increased under all applications of 2,4-D but with the
higher.concentrafiohs the 1ncreasee are sme;i. Optimum

concentration for protein yield per acre appears to be
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around .1 1lb. pep_écre for red 016vér.' Agéin,-the res-
pénsé on Alderwood soil was more marked than on Ladner
soil.

2,4-D was appl%ed on red clover.on'fiﬁe»
occasions (representing fi%e stages of deVelqpmenf frbm
early leaf to mid-flowering) at the rate of .1 1b. per acre,
Very different respohsés were ﬁoted on the two soiis. On
the red clover grownJOQ Alderwood soil, applications made
early (May 12) were seemingly effective in elevating dry
matter yields and protein.per acre yields as were all
applications made a later date. However, plot variability
was so great that increases could not be regarded as
significaﬁt{ The éarlj aﬁpliéation on the Ladner clay
grown réd clover resulted in a.signifiéant increase in
yield and protein per acre. Later éppliqations were
depréssiﬁe.‘ It would appear that the time of applieation
and the stage of gfdwtﬁ of the red clover plants determines
to a very considerable exteht the naturé Sf the respbnse'
to 2;4-D. ,

It is to be noted that in Tables I and II, and in
some of the others to foilow, that both Kjeldahl.nitrogen
and crude protein are repofted. The reason fof this is that
the form of the nitrogen following 2,4-D gpplicaﬁionsuis‘
not known; it méy be that.pon—profeiﬁ nitrogen only is

increased.

AWhitéHclbﬁerO:'&id._Tabig III - the effects of

| 2,4-D concentration on white clover and Table(iV - the effects
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of time of'2;4-D application on'WHiteiclover;

The effectsvof:2;4-D on white clover, a
‘creeping rootedvperenniel.leéume, were notpso merked as
those on red clover; a tap-rooted biennialt

Possibly because the shallowness of the root
system of white clover and the dryness of the season,
the plot yields on Alderwood soil were visibly about as
variable es one could hope to find, and yet visibly sharp .
qualitative differences could bé eccorded treatment.
Undoubtedly the trials‘should be repeated under more
favoureble conditions; } 7 o

| Nonetneless it wouldpeppeerhtnetvon Ledner.clay
grown‘white clover intermediate'concentrations of 2,4-D
increased ‘both yield and protein permacre. ‘On Alderwood
grown white clover, the reaction is not clear - but increases
in yield and protein were obtained at»the higher concent-
rations. |

Consistently, too, the relatively low concentration_

of 2, 4-D applied to Alderwood grown white clover, .1 1b.

\ il

per acre, proved to be depressive of“yield and protein per
acre in the "time of applicationvseries_,“ Protein percentage
increases are recorded on the white clover grown on the
Ladner clay. 2,4-D applied early (May 12) increases yield

of dry matter, protein per acre and protein percentage.

Late applications Wore depressive.
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Kentucky Bluegrass - vid. Table V - the effects

of 2 4-D concentration on Kentucky Bluegrass and Table Vi -

the effects of time of 2,4-D-application on Kentucky Bluegrass.
When spraylng was started, the Kentucky Bluegrass
/udy /-oﬂfm~¢0[
was well developed, with panicles well-dewveloped and, op
the Alderwood plots, past flowering.“vThe stage_cf'develop-
ment_was’probably too advanced to influence chemical
composition very much. The processes of maturity had not
advanced so far in the plants‘growing on the Ladner soil.
Nonetheless, a significant increase in yield
. 2 '/—0
was noted on Alderwood grown Bluegrass when 4 0 1bs.’ per
acre was applied. On Ladner clay-grown Bluegrass, however,
increases in yields, protein per acre and protein percentage
J&vc«mﬁ of
were obtained at- “the higher rates of application. Early
- applications appeared4to be most effective in increasing

yield and protein on both séils. :

Perennial Rxegrass - vid. Table VII - the effects

of 2, 4 D concentration on perennial ryegrass and Table VIII -

the effects of time of 2,4-D applicatlcn”on perennial ryegrass.
Maturation processesvwere Well advanced in the

perennial ryegrass'befofe thevplot treaﬁments were made; .

especlally was this the case in the grass on phe upland soil.

Nonetheless“the growth regulator‘caused_scme recordable

changes in yield of dry matter, cnbprcteipAper.acre, and

percentage‘prctein. All concentratiops,_fcp example, applied

May 12th, increased yields and crude protein of perennial
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ryegrass grown on Ladner clay but only the high concen= |
trations increased them on Alderwood soil. In general,
‘the early dpblications tended to increaéeiyield and protein
and the late applications to depress them. The most
significant respbnse was obtalned with the earliest

application on the grass grown on Ladner clay.

Timothy - vid. Table IX - the effects of 2,4-D

cohcentration on timothy and Table X - the effects of time

of 2,4-D application on timothy.

Timothy matured more slowly‘than Kentucky Blue-
grass and perennial ryegrass. It was,_therefore, noted wiﬁh
interest that the "low applications" of 2,4-D were quite
effectlve in modifying the yleld and chemical cémpoéitiqh“
of tﬁis species. Both in Alderwoqd:and,Ladner_soils.éll
conceﬂtratioﬁs of 2,4-D applied early (ng 12) increased
ary matter ylelds and, as well, on the,Ladnef soils, crude
protein per acre and protein'percentage; Early applications
of the auiin ﬁénded to_indrease dry ﬁatter yield,;crude‘
protein percentage.and total proteiﬁ.per acré,but later
application on grass grown on both soil types were depress-

ive,



THE EFFECTS OF 2,4«D

TABLE I: goucENTRATIon ON RED CLOVER
Na 2,4~D Dry Matter Yields Crude Protein as # Dry Matter - Invert Acre Yields of Crude ProteinjKjeldahl|Kjeldahl
Concentrations iyp5,! % of Deviation in 3 3 Deviation in Sugar }(lbs, Deviation in 1lbs. N N
1bse pea. pPeae| control| lbs, from controli dry of from control Percent infp.asj of | lbs.petoe|® in Dry
* ~ {matter|control| e - Dry Matter control Matter
| a)(h Alderwood
Soil
0 3805| 100,0 0 0 10455{100,0 ) 0 2,0 401 | 100,0 - - 6hel 1,68
<01 L730| 1243 925 9.66| 9146 «89* 1.9 457 | 113.9 56 73,1 1.54
005 54,35 142.8 | 1630* 11,59/109.8 |[1.04* 1.9 630 | 15701 229* | 100.8 1.85
ol 4525 118,49 720 11,18]105.9 63" 2,1 506 | 126.1 105 80,9 1,78
02 1,815| 12665 | 1010 1423|1348 |3.68* 2,0 685 | 170.8 28 4% 109.6 2.27
o5 14735| 12hek 930 13,31/12601 | 2,76* 1.8 630 | 157.1 229% 100,8 2,12
1,0 |3785) 994 20 12,76]1209 |2421% 1.9 483 | 12044 82 7702 2,04
b) On Ladner 1 P ’
Soil ;
0 §6A00 100.0 0 ) 13,58/100.0 0 0 2.1 L869 1.100,0 - - 139.0 2,17
001 1163901 99,8 10 14,27|10540 | +69% 2.1 912 | 10449 43 14549 | 2428
05 16975| 10849 | 575 1492|1098 | 1434% 2,0  [040 [119.,6 | 171* 166ek | 2438
ol 17200| 112.5 800% 13,961102,7 .38 1.8 1005 | 115,06 136* 160,08 2.23
o2 16555| 10244 | 155 16,02|11749 2.hh 2,1 1050 | 120.8 181* 168,0 2656
5 45985 93e5 415 15691{11761 ; .33 1.9 952 1 10965 83* 152032 2e54
1,0 150401 7847 1360* 1547911601 | 2421* 169 852 | 98,0 17 13643 2052
TABLE II: THE EFFECT OF TIME OF | 2,4«D APPLICATION ON RED CLOVER
Time of Dry Matter Yislds Crude Protein as § Dry Matter Igvert lecre Yieldsnoficzgde iro;:in Kjeédahl Kje§d3h1
Application ilbse| 3 of Deviation in 3 % Deviation in ugar Se eviation in 108,
(.1 1bseNa 2""D‘P.a: control| lbsg from cont dry of % from control P:;°§:tt:: Pedo cogirol ££%E,°°Bt2%lf lbsep.ae %Mi:tgiy
matter|control -
—g:
a) On Alderwood |
Soil
0 3805 100,0 0 o . 10.55{100,0 0 . 0o 2.0 401 | 100,0 - . I 1,68
May 12, 1951 4525| 118,29 | 720 11,18]105,9 .63* 2.1 506 | 12661 105 80.9 1,78
" 19 ® LOLS| 10663 | 240 11673(111a1 1,18* 1.8 L74 | 11862 73 75.8 1.87
n 26 o LLOO! 1156 | 595 11.00{104¢2 .h5* 2,0 L8L | 120,6 83 77k 1,76
June 2, " 3930) 103e¢2 | 125 12,25|116,1 1.70 2,0 4,811} 119.9 80 7649 1,96
n g m 3360 88,3 INN 11,92[11249 | 1e37* 1.9 LOO! 99.7 1 6L 60 1.90
b) On Ladner
Soil
0 6400! 100,0 0 0 13058]{100,0 0 0 2,1 869 | 1000 - - 139.0 2,17
May 12, 1951 7200{ 112,5| 800* 13,96{102,7 038% 1,8 1005 | 115,6 136* 160,8 2,23
m 19 ® 62401 975 160 1344 9849 o14* 1.8 8391 96.5 30 13442 2,15
n 26 m 61L5, 96,C 255 11,78] 8667 1,80* 1.9 724§ 8363 1a5* 115,.8 1,88
June 2 * 5,10, 845 990* 11e41] 8440 2,17* 2,1 617] 71.0 252% 98,7 1.82
n g 5592 87,3 808* 13662110042 0Ol 1.8 7621 87,6 107* 121.9 2,18

29.

M,S
as
1. 1591 lbsspe.as
2. .1h %
3e 212 1bs.P.ae
b)
1. 608 1bs,pe.a.
2 = 09 %
3. 61 1b80poao

M,S
as
1. 1027 lbse.p.a.
2. 14 %
3. lhB 1b30poao
b)
1. 601 leQPoao

2.
3.

009 %
55 1lbsep.ae
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TABLE III: THE EFFECTS OF ZthjﬁﬁCONCENTRATION ON WHITE CLOVER .

e -

' Na 2,4eD Dry Matter Yields Crude Protein as # Dry Matter B Invert Acre Yields of CrJe Protein Kjeldahl YKjeldahl
Concentrations |[1bs. | # of Deviation in % % Deviation in Sugar 1o 7 TDevi } in 1D N N
lbs. p.ae Pea. [control|lbs. from control dry of from control Percent in Se gv1at¥n 2 Se lbse % in D
’ A : ' Peds of MCof'rol Sopoai n uUry
- matter|{control - Dry Matterj ,controll & [ - I , Matter .,
a) On Alderwood ’
Soil
0 3940 | 100.0 | © 0 14,09 |100,0 0 o ,
,01 3140 | 79.6 800% 113,94 | 98.9 co15%* }'g 555 103-0 - gk 28.8 2722
.05 3235 | 82,1 705% 13,61 | 9645 o48* 1. A37 1 787 118 27 >3 |e) 1.
.1 3265 | 82,8 | 675% 112,67 | 89.9 1,42% 149 LLO § 79,2 15 7044 . 2,
* 1.7 L14 The5 171° 6642 2,02
o2 4185 | 106.2 {245 13401 | 92,3 1,08 220 P 870 508 3
o5 4000 | 101.5 | 60 . 15001 [10645 | .92 | 2.9 Zgg 133'2 L5 11 9Z°0 300
1.0 3045 | 7742 895' 16479 1;9.1 2.704 1om 511 92.0 m 817 28
b) On Ladner .
Soil ] ] | "L : ! _
0 3930 | 100,0 | © 0 16,80 |100.C 0 0 1.8 660 L 100.0 §} = b - 10546 2,68 |b) 1
+01 4055 | 103.1 {125 1hek9 | 86ek 2,31* 1.7 587 88,9 | 73* 9349 2,31 2e
e05 4335 | 11063 | 405* 14499 | 8943 1.81% 1e9 650 1 9844 y 10- 10440 2439 3e
el 42951 109.2 | 365* 17489 110646 [1,09* 1e7 768 | 116,3 | 108* ﬁ : ToLH 122,8 2486
o2 4105 | 10khek |175- . 168425 [108,8 |le45* 1e8 749 | 11344 | 89%* 119.8 2,92 1
o5 < 36451 92,7 . 285% 118,17 {10843 1437 ' 2507 662 | ‘10063 } - 2 ,m&, ~ 10549 24907 T
1.0 3255| 82,8 675% [ lheb2 | 87,1 2,18% I | 1.8 L76 72,1 ) 184% J| 76,1 2¢33 |
: g 4 ey TABLE -IV: THE EFFECT OF TIME‘oy‘2;ﬁ?B-APPLiGA$IGN~ON-WHIIE—GLOVERT3 S — FENNR . SHE
| Time ;f Dry Matter Yields Crude‘P?otein as # Dry Matter ‘begrt a Acre Yields of Crude Pfotein Kjeldahl | Kjeldahl
Y Application lbs, | & of Deviation in 2 dry | % of (Deviation in . SuBar _ i 1bs,] % |Deviatia in 1lbs, N N
" (1bseNa 2,4=D | Pe2e control|lbss from control |mattericontrol | from control | . Percent inf p 5. of |{from cormtrol lbscp.ae | § in Dry
p.a,s * ; - + . Dry Matterg .eontroﬁ - - Matter
‘;ibn Aldewood K E 3 ¥ i
Soil n 1 * _
.0 3940 | 100.,0 | © 4] 144C9 {1004C 0 0 I 1.7 555 | 10040 | = ‘ - 88,8 2425
May 12, 1951 3265| 82,8 675% 112,67 | 8949 Tek2* 1| 1.7 L1k 7he5 141* 6642 2,02
wmo19, ® 3360 8542 580% 115,12 [10743 {1403* : 1.6 - 508 91e5 L7* 81,2 2641
pem 26,0 M 2735 69ek 1205% 15,44 [10945 le35* | © 149 422 [ 7640 133* 6745 2.47 ta) 1,
" June 2, " 3170 | 804k ©770% 14430 [101.4 o21% i © 1.8 L 453 81.6 102* T2ek4 2428 2.
"noog, 2425 6le5 1515% || 12,61 | 89449 1.48% 1.7 | 306 5541 2L,9%* L849 2,01 3,
b) On Ladner ' ‘ | ‘
Soil
0 3930{ 100.0 0 0 16,77 |1006C 0 ’ 0 1,8 660 100,0 - - | 10546 2,68 b) 1
May 12, 1951 4295 109,2 | 365* 17489 10646 |1409* 1.7 768 | 11643 | 108* 122,8 2,86 2
‘" 19, " 3870 98.[} 60 16.91 10007 .114* 109 65h 99.0 6 101‘.6 2.70 30
" 26, " 3775| 9660 155: 16,72 | 9947 e05 1.8 631 954.6 29* 100,9 2,67 ®
June 2, " 3535| 89.9 395* 16,81 {10042 A N 1.8 591 90,0 66* 95,0 2,68
"9, " 3245| 8245 685 1637 | 9746 040™ 1.7 - 531 80ek 129* 2849 2,61

ey

MeS,D,

567 lbse.peae
.09
50 lbs.p.ao

21&8 lbs.p.ao
2 %
30 lbs.p.ae.

MOSQD.

399 1bs.poao
«09 ‘
36 1lbsspeas

129 1bs.poase
el2
16 l1bs ePedo
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TABLE V: THE EFFECTS OF 2,4eD|CONCENTRATION ON KENTUCKY BLUEGRASS
" Na 2,4«D 5 Dry Matter Yields Crude Protein as % Dry Matter |l| Invert Acre Yjelds of Crude Protein|Kjeldahl Kjeldahl-
Concentrations glbse.|.3 of Deviation in 4 % Deviation in ~ Sugar |1lbs, % Deviation in 1bs. N N
lbse peae ip.aes|control| 1lbs, from controli dry of 2 from control Percent inip.a. of from contreol lbsep.as|% in Dry
' g e | - ymattericontroll e | = ___ll|Dry Matter: _ |control) « | - JMatber |
a) On Alderwood | |
Soil ; -
0 {1729] 100.0 | © 0 || 2470 |100.0 0 o . PO L6 |100,0 | - - Te3 oh3
ol 12058| 119,0 | 329 | 1,70 | 6249 1,00* 1.5 35 | 7660 ln 566 e27
o5 | 12093] 121.0 | 364 P 1.68 | 62,2 1,02* 1ok 35 | 7640 11 5.6 .26
1.0 12198] 127.1 | L69 | 1.67 | 62.2 1.03% - ff| 1.4 38 | 82,6 8 640 26 M.S.D
2.0 121491 12,2 | 420 | 1,71 | 6249 o99* 1.3 37 | 80u4 9 640 27 a)
ko0 §2624] 151.7 | 895 | 2,33 | 8662 o37* 1.5 61 |132,6 | 15 9¢7 37 1. = 489 1lbs.p.a.
8.0 | [2212{ 127.9 | 483 [ 2084 |105.1 o14* 1.5 63 |136.9 | 17 10,1 45 2, = J12 %
b) On Ladner : | 3¢ = 38 1ba.p.d.
Seil ] : H b)
01 gggZi 1gg.g | o | 338 ‘ g.ﬁg ’133.2 o ’ ooa . 1.5 166 |100.0 - - 26,2 .82 %o - 622 %bs.p.a.
° i ° : i Je ° le5 1,48 89.1 18 23, 8 e = o
o5 £2905{ 95.1 147 | S5e3L § 98,1 :10 RS IS 1:a 155 | 9363 11 24,8 e85 30 @ 167 lbsep.a.
1.0 132831 107.5 | 231 6450 {119.4 1,06* 1.6 213 |12843 47 34¢0 1.04
2.0 3465| 11345 | 413 6,82 |125,3 | 1,38* Bl 1es {236 |12 | 70 37,7 | 1.09
heO 13332] 109.1 | 280 5072 1105.1 o28* B | R 190 |1lheh | 24 3064 91
8.0 43101{ 101,6 L9 i 5453 |101.6 009 CHLLY 1ek 171 110340 5 2743 .88
TABLE VI: THE EFFECT OF TIMﬁ96F‘72;L.n APPLICATION ON KENTUCKY BLUEGRASS
 Time of } Dry Matter Yields | Crude Protein as & Dry Matter . N[ Tavers Acre Yields of Crude ProteiniiKjeldahl{Kjeldshl
Application {lbsef % of | Deviation in S 4 Deviation in ? Sugar {lbse 4 Deviation in lbs, N N
(1,0 1bs, ipeasfcontrol| 1lbse from controlll dry of ¥ from control Percent in|p.a. of ifrom control -}{|1bsepeasi # in Dry
M 2, 4D peds ) : L . :—;o lcontrol] ¢ _{ Dry Matter controli « - ' Matter
a) O Alderwood | | { F&- _
~ Soil ; | : .
0 [1729] 100.0 ] © 0 | 2,70 1100,0 0 o L Llek L6 1100,0 | = - Te3 L3
May 12, 1951 §2198| 127.1 | 469 L 1e67 | 62,2 1 03* " lek 38 | 82,6 8 6.0 226
"o19 (1561 90,2 168 | 1479 | 6662 .91*11-] 146 30 | 6562 16 Le8 o268
o266 v 116591 9549 70 [| 1.86 68 .8 84 | 1,3 31 | 67.3 15 Le9 29 M.S,.D
June 2 " §1701] 98.3 28 [} 1.75 | 6keS8 95 Il 15 30 | 6562 16 Le8 028 y)
o9 ® 11659 9549 70 | 1e93 | Tlek AT H| 1es 32 | 6945 14 he9 «30 le = 222 lbs.P.A.
b) ‘On Ladner ; : | ‘ - §. 56¢i§s% a
Seil v b | | ° *Pede
S : |
0 13052] 100.0 0 0 | 5e44 110040 0 0 1.5 166 | 1000 - - 2645 87
May 12, 1951 {3283 107.5 | 231 | 6450 [119.4 | 1,06* } 1.6 213 | 128,3 | 47 3440 1,04 b)
n.o19 m 12709] @8.7 343 [ 5629 | 972 0l5 '} 1ok 143 | 86,1 23 22,8 o8 l. = 850 lbsepeas
" 26 w 13157) 103.4 | 105 | 5,44 1100,0 0 0 | 1.5 172 | 103.6 6 2745 87 2. = 025 %
June 2 " 12898]  94e9 156 [0 5413 | 94e3 . 031 ; 1.4 149 | 89,7 17 23,8 82 3¢ = 212 1bsep.a.
w9 13024F 99.0 : 28 |t 517 | 9560 027 1,3 156 ] 93.9 10 2449 082




TABLE VII:

!

THE EFFECT OF 2,4eD

CONCENTRATION ON PERENNIAL RYEGRASS

Na 2,L«D _____%%uLjﬁuagu;llﬁlﬂé Crude Invert Acre Yields of Crude Proteinf{Kjeldahl iKjeldahl
Concentrations 1lbs, of ¢ Deviation in Sugar |lbs, .Deviation in lbs, N N
lbsepedo psaojcontroli lbs, from control d:{ oi 1 % 1‘Percent ingp.a. of from control 1bsepe.as | in Dry
. - ma e conero L ! : -
— Yff + 44?4* =% Teo A_+: i.Dr Matter Matter
a) On Alderwood
Soil
0 10206} 100.0 0 ) Lelk [100.0 0 2 100,0 - - 67, .66
ol 9636] 9kl 570 |he34 |104.8 020* 2:2 9940 6 62.3 069
o5 8760{ 85.8 1450%  §3.97 | 95.8 o17* 245 8244 74 5546 63
1.C 9462] 92,7 Thh  ]3495 95e4 +19* 2.3 8846 48 5008 063
2.0 10950{ 1072 | 74k 6065 |16066 | 2451* 2.3 172.5 | 306* 11b6elk | 1.06
LaO 10698 1047 { 792 4.90 ]118.3 o 76* 2.4 12461 102* 83,8 .78
840 9822 96.2 384 }5.15 [12443 | 1.01* 2.3 120, 6 87* 81o4 082
b) On Ladner
Soil . b g
0 10542§ 10040 0 0 5,82 |100,0 0 0 2,6 100,0 § = - 98,0 «93
el 10854F 102,9 312 5027 9005 55 2,6 93¢3 | L1 9145 8L
o5 12174F 11504 §1632% 66432 |108,5 0 50% 2.8 125,4 | 156* 123,0 1,01
1.0 11100} 105.2 | 558 6ekb6 (11049 o b4* 245 11669 | 1O04* 1lhe7 | 1403
2,0 11412{ 108.2 | 870* 6459 (11362 o77* 2,7 122,6 | 139* 12043 1.05
L0 10776; 10242 | 234 6061 11345 079* ‘ 2,7 116.,1  99* 113,.9 1,05
8.0 10710f 101.5 | 168 5,88 ]101,0 006 : 245 102,7 17 1008 94 |l
TABLE VIII: THE EFFECT OF TIME OF|2,4«D APPLICATION ON PERENNIAL RYEGRASS
Time of Dry Matter Yields Crude Protein as Dry Matter Invert Acre Yields of Crude Protein Kjeldahl?Kjeldahl%
Application lbs. . 4 of Deviation in Deviation in ; Sugar 2 Deviation in 1lbse N : N i
(1.0 1bs, Pede control: bs, from control dry of from control Percent in} from control lbsepeas ¥ in Dry
Na 2,4=D p.ae) ? : ® - matter| control] ¢ - |Dry Matter] - D - : Matter
a) h Alderwood ;
Soil ; :
0 10206 10040 0 0 Lellh {10040 0 0 204 422 {100,0 - - 6745 066
May 12, 1951 9462; 9247 Thk 3095 950k 019* 263 374 | 88,6 48 5948 063
" o19 ® 10224} 100,11 18 Le10 99.0 0L 2l 519 | 99,1 3 6740 065
n 26 9012/ 88,3 1194*  [he63 [111.8 o49* 262 L17 | 9809 5 6647 oTh
June 2 " 9744 954 462 4el7 100.7 «03 203 406 9662 16 64o9 67
" 9 L 10140} 99.0 66 3093 9449 021¥ 2,1 398 9463 24 6306 062
b) On Ladner
Soil i
0 10542] 100.0 0 0 5,82 [100,0 0 ) 2,6 613 {10040 - - 98,0 693
May 12, 1951 11100} 105.,2 § 558* boli6 [11069 o 6L* 265 717 111669 104* 11467 1,03
w 19 »® 10746] 1019 1 204 5681 [100,0 001 2.7 624 1101.7 11 9949 93 !
" 26 w 10752 101.9 | 210 50,93 [101.8 o11* 244 638 |10440 25 102.0 095 |
June 2 " 101520 96,3 390 5,91 [101.5 «09* 244 600 | 97.8 13 96,0 o9L
moog 9768] 9246 775*¥  §6.37 [109o04 055* 266 612 | 99.8 1 97.9 | 1,01 |

b4

le =« 957 lbseopeae
2, = 409 %

3¢ =~ 85 lbs, pe.a.
b)

le = 628 lbs, Pede
2, = 007 %

3¢ « 43 1lbs. peae
M.S,D

as

l. - 988 lbs, peas
2, - 09 %

3. = 89 1lbs, p.a.
b)

le = 458 lbs.pa.

- o07 %
- 31 lbs, Pelo
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TABLE IX: THE EFFECT OF-2,4-D]| CONCENTRATION ON TIMOTHY

Na 2,4-D i Dry Matter Yields Crude Protein as % Dry Matter Invert Acre Yields of Crude Protein|iKjeldahl|{Kjeldahl
Concentrations §lbs, % of Deviation in Deviation in Sugar 1bs, 4 Deviation in 1lbs, N N
lbsepeae fp.as|control| lbse from controlj dry of  from control i|Percent in|p.a. of from control lbs.peas|® in Dry
| * - matter [control| e llpry Matter control| - Matter
a) On Alderwood !
0 241401 100.0 0 0 Le59 1100.0 0 0 : 2.1 190 1100.0 - - 30.4 73
ol H4476] 108.,1 | 336 Le3kh | 9he5 o25% : 2,1 194 1102,1 IA 31.0 «69
o5 #4,260] 102.,8 | 120 Le26 | 92,8 033% i 2,3 181 | 95.2 9 28,9 .68 M.S
1,0 B4620] 111.5 | 480 Lob67 1101.7 008 il 2,0 215 j113.1 25 3ok o7k
2,0 54518 109.1 378 Lell 90.1 oli5¥ i 2.0 187 98.4 3 29,9 66 {
4eO 44320} 1043 | 180 ! he28 | 93,2 031* o 2,2 185 | 97.3 5 29,6 .68 2‘
840 §4,596] 111.0 | 456 he29 | 9304 030* il 2.1 197 {103.6 7 31.5 .68 3.
b) On Ladner i ﬂ
So1l 4 1 ! b%
0 i4308] 100,0 | © 0 4.82 [200,0 0 0 | 207 {100.0 - - 33,1 77 2.
ol [4740] 110.0 | 432 4487 [101.0 05 i 2. 231 |{111.5 24, 3649 o717 § 3.
5 H4992| 115.8 | 684 Te72 116041 | 2.90* il 2.1 385 {185.9 | 178 61,6 1423
1,0 £503L | 1168 | 726* 7678 (16144 2,96* 4l 2,3 391 (188,.8 184 6245 1l.24
2,0 %314836 112,2 523* Te23 15040 20‘}1* Hf 203 350 [16960 143 5640 l.15
LeO FL4bLLY 10743 } 336 ] TeT72 +160,1 2,90% 2.1 358 [172.9 151 5762 1.23 %
840 Eh062 a2 246 763 [158,2 2,81%* 2.1 310 {14947 103 496 ] le22
TABLE X: THE EFFECT OF TIME OF §2,4~D APPLICATION ON TIMOTHY
Time of ! Dry Matter Yields Crude Protein as £ Dry Matter J Invert Acre Yields of Cpude ProteiniKjeldahl{Kjeldahl
Application ilbse | % of Deviation in 2 | 4 Deviation in ﬂ Sugar {lbs, 4 Deviation in 1bs.!} N N |
(1.0 1bss Hpeaoicontrol bse from controlf dry of g from control HlPercent in{p.a.] of from control lbsep.asi% in Dry
Na 2,4«D p.a,) TS g > :matteniontrolzr » . §|Dry Matter control * - Matter
a) On Alderwood : | 1
Soil { %
0 100,90 0 ! 0 - he59 {10040 0 0 i 2.1 190 {100.0 - - 300k 73
May 12, 1951 111,.5 480 Lo6T7 1101e7 008 i 2,0 215 1113,1 25 3hels oTh i
"o1l9 " 99.8 6 he2h | 9240 o35  Hl 19 175 | 92,1 15 28,0 068 |
no26 w 10603 | 264 4e29 | 936k ST | B 189 | 99.4 1 3042 68 i
‘June 2 " 9709 84 he2h | 92,0 35 H 1.8 172 | 90.5 18 2745 68 1§
nog m 85,2 612* [ 3,90 | 84e9 o69* M 1.9 137 | 72.1 53 2149 62 1§
b) On Ladner i -
Soil it 1
0 k308 100,0 } O 0 Le82 1100,0 0 0 2.3 207 |100.0 - - 33.1 T
May 12, 1951 ISOBL 116,8 | 726* 778 W061l.4 2,96* i 2.3 391 {188,.8 184 ¥ 62,5 124 i
w19 m L608] 106,9 } 300 6.83 41,7 |2,01* ll 2.2 315 {152,1 | 108 | 504 1.09 4
" 26 o 4662} 108.2 | 354 6,98 [1hLe8 2,16* : 2,0 325 {15760 118 i 5240 l.11
June 2 L236f 98,3 72 5073 118.8 091%* ; 1.9 243 1173 36 § 38.8 091 :
nog w 113966] 92.0 342 Le72 | 9749 10 2.2 187 | 9043 20 29.9 | 75 |

55

D

Zj_L_&

-

548 lbs.pe.ae
«07 %
37 lbs.p.a.

510 1lbsep.ae.
07 %
35 lbs.p.a.

608 1lbse.p.as
07 %
64 lbs.p.a.

533 lbs,.p.a.
«07 %
37 lbs.p.a.
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DRY MATTER YIELD, LBS. PER ACRE.
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Figure 1. - Dry matter ylelds of red clover grown on
Ladner clay and treated on May 12 with several

concentrations of 2,4-D,

i 41
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CRUDE PROTEIN LBS. PER ACRE.

' .Figure 4. - Crude protein yie'id'pér’gcre,_ in timothy grown
on Ladner clay and treated on May'12 with several

concentrations of 2,4-D,
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Seed production of Red and White Clovers - vid,

Table XI - seed production and quality in red clover treat-

ed with 2,4-D iIn different concentrations and Table XII-

seed production and quality in red clover treated with

.1 1b., 2,4-D at different stages of development.

Table XIII - seed production and quality in white

clover treated with 2,4-D in different concentrations.

Table XIV - seed production and quality in white

clover treated with .1 1b. 2,4-

development.

The effects of 2,4-D
plots of red and white clover,
similar. Seed size and weight
by the 2,4-D applications, but
applications reduced flowering

While seed size and weight, as

D at different stages of

on the seed produced in the

of earlier mentlon, are very
were not materially influenced
heavy concentrations and late
and hence seed production,

has been noted, were not

influenced, significant changes in hard seed percentage

were recorded:
was consistently increased but

sometimes decreased.

in red clover the hard seed percentage

in white c¢lover it was

Again, however, with late applications

the effects were not pronounced.

Seed production of the grasses - vid. Tables

XV, XVI, XVII, XVIII, XIX and XX - the effects of con-

centration and time application of 2,4-D on seed from the

Kentucky Bluegrass, perennial ryegrass and timothy plots.



- 39.

In general, the saéd qﬁality of tha grasses
was not matéfiallylinfluancéd by the applicafions of 2;4-D;
.Thare are,pfobablmva Seriés of subtle ihtefactions‘hera
which our data do not reveal - primarily for the reaspn'
that sedd field per plot was not taken. It'iawprobable
that, where seed set is light’ﬁhéﬁ'seeds which are pro-
duced are plumpiapd viable and whare seed aet-is'high
single, seed weights ‘and viability may not be much
different from those where seed set is low. ‘In timothy;
seed produqtion efrects were not‘notipeable, alihéuéh
timbth& yield and protain modification Was mast notice-
able. Again, early, light and heavy applications increas-,'

ed seed set; later applications did not, even ‘when "heavy"
produ ceal aéamye.s



TABLE XI

SEED PRODUCTION AND QUALITY IN RED CLOVER
TREATED WITH Na 2,4«D IN DIFFERENT CONCENTRATIONS

40.

Na 2,4=D On_Alderwood Soil i ____On Ladner Soil
Concentration| 1Germination (1000 Seeds [Seeds |[Estim, ]| Germination |1000 Seeds
lbsep.a. Sprouted| Hard | Weight | from |Flower|Sprouted|Hard Weight
Seed |gms., 3 50 |Inten= ) 4 Seed|gms, 4
% Heads |sity £
4 ' gms, |1-10
—
0 72 25 11.56001100.040372 10 73 23 |1.490
01 5k 39 [1.380] 88,4|3.200 10 61 33 |1,330
05 46 Li [1,085| 6945({3.162 10 53 O |1,140
ol 36 55 |1,400{ 8957|3891 9 35 58 [l.420
02 35 55 {leh25] 91e3{4.201 10 38 51 |1.330
Y] L8 L6 [1e430] 91,6|3.488 8 43 50 |1o455
1,0 50 46 | 1e325] 8409|2806 6 52 L2 | 1,560
TABLE XII
SEED PRODUCTION AND QUALITY IN RED CLOVER
TREATED AT DIFFERENT STAGES OF DEVELOPMENT
WITH .1 LB, Na z,h.hD Peloe
On Alderwood Soil On Ladner Soil
Time of Germination | 1000 Seeds | Seeds| Estim Germination 1000 Seeds
Application |Sprouted|Har Weight from Flowe Sprouted Hard We;§_t
Seed gms, 4 50 | Inten % Seed| gms. 4
Heads| sity % ‘
gms.| 1-10
0 72 25| 1,560] 1000 Le372 10 73 23 | 16490/ 100,0
Mey 12, 1951 36 55| 1.400{ 89.7 3.891 9 35 58 | 1o420| 95.3§
" 19 " 52 39| 1.335] 85e4 20259 9 L7 43 | 1.295| 86,49
no26 " 58 37| 16590] 101.9 2.579] 8 75 23 | 1.590| 106.7
June 2 " 54 39| 1.685}108.4 2.71 6 58 36| 1.630[ 10943 §
" 9 " 62 34 1.945} 12404 2.89 5 57 38 | 1,915]128,5 §




TABLE XIII

41.

SEED PRODUCTION AND QUALITY IN WHITE CLOVER
TREATED WITH Na 2,4~D IN DIFFERENT CONCENTRATIONS-

Na 2,4-D On Alderwood Soil _ On Ladner Soil
Concentrationf Germination |1000 Seeds |Seeds| Estim.|| Germination |1000 Seeds
lbs.peae Sprouted]|Hard]__Weight from| Flower||Sprouted|Hard Weight
_ % Seed gms. %4 50 { Inten~ y 4 Seed| gms,
4 Headsi sity %
gms,| 1-10 ||
0 25 70 {0665 |100,0}1.206; 10 32 6L | 4685 [100.0}
01 36 56 1.720 {10842{ .736{ 10 33 58 1,670 | 97.81
«05 hé L5 1,670 {10047 801} 10 L2 L6 | 6640 | 934k §
el 36 5L 14625 93¢9] o846 10 37 54 | 6565 82,4
02 32 62 §,660 9962116139 10 39 57 {620 9005
o5 29 64 §.640 96'2L 970 9 17 77 | o665 9740
1.0 30 63 {.610 91.7{ +634 7 14 80 [.620 9065
TABLE XIV
SEED PRODUCTION AND QUALITY IN WHITE CLOVER
TREATED AT DIFFERENT STAGES OF DEVELOPMENT
WITH (1 LB. Na 2,4«D P.A.
On _Alderwood Soil _ On Ladner Soil
Time of Germination | 1000 Seeds {Seeds|{Estim.|| Germination |1000 Seeds
Application Sproutedi Hardj __ Weight { from{Flower Weight
ppllcatio % Seed] gms, 4 50 {Inten=- Seedjgms., 4
€ Headsi{sity

May 12, 1951

0
" 19
26
June 2

" 9

L]
"
"
]

625
«705
+690
0685
«660

9349
106,60
10367
1030

9962
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TABLE XV

SEED PRODUCTION AND.QUALITY.IN'KENTUCKY BLUEGRASS
TREATED WITH Na 2,4~D IN DIFFERENT CONCENTRATION

|- on Alderwood Soil On Ladner Soil
jGer- ]|1000 Seeds 1000 Seeds
Conceéentrationfmin- Weight Weight

éation gme, gms . ;4
, - —
: | 87.5]+365 {100,0(146 ol:15 [100.0
N g 82 o450 (123,212, o410 98,7
ieb ; 8545]e385 [l05.4 o410 | 98,7
1.0 | 84.50e435 1119.1 «430 1103,6
2.0 1 82 1.425 |116.L o405 | 97.5
keO § 8L 450 ]123,2 «490 [118,0
840 | 82.5].440 ]120.5]2 420 |101.2 §

TABLE XVI

SEED PRODUCTION AND QUALITY .IN KENTUCKY BLUEGRASS
‘ TREATED AT DIFFERENT STAGES OF DEVELOPMENT
WITH 1,0 LBS, Na 2,4»D P.A.

i

Na 2,4-D T1000 Seeds

‘ : ; 1000 Seeds
Conc?ntrationimin- __Weight from i Meight
lbsepseas fationfgms. | z 50 gmse”

i % A Paniclel] %
i gns. M

0
May 12, 1951
1] 19 n
" 26
June 2
n .9

2 I =




TABLE XVII
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SEED PRODUCTION AND QUALITY IN PERENNIAL RYEGRASS
TREATED WITH Na 2,4«D IN DIFFERENT CONCENTRATIONS

On Alderwood Soil

Qg Lgdge; Soil

Na 2,4-D Ger~ |1000 Seeds Seeds || Ger~ |1000 Seeds
oncentratimfimine | Weights from mine | Weight
lbsep.as at%on gus, | # vend L ation|gmd, %
@anic19 %
gMsSe
0 92 |2,070{100.0|3.664 || 89+5(2160{100,0
0l 87¢5{26150[{ 1038165431 || 91 [2+120| 98.1
o5 88o5|1.960| 9hab|5.584 9545} 16820 84,2
1,0 8845]1.930| 93¢2|5.853 9765]22201102,7
2,0 100 }12,110]101:9|4,742 8965 20000 92,5
8.0 | 92,5 2.2002106.2 4.199 96.5 2.280{1054 5

TABLE XVIII

SEED PRODUCTION AND QUALITY IN PERENNIAL RYEGRASS
TREATED AT DIFFERENT STAGES OF DEVELOPMENT
WITH 1,0 LBS. Na 2,4eD P.A.

Gere«
min-
ation

%

On Alderwood

1000 Seeds

Weight
gms . 4

92
88¢5
89e5
89¢5

100
92

2,070
1,930
2,070
1,800
1.890
16940

100.0
93¢2
100,0
8669
913
9561

On L

adner Soil

Wei

1000 Seeds

ht

gms,

2.160
20220
2,210
1,810
1.930
1.920

100.0
102,7
102,3
83,7
8963
88,8
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TABLE XIX

SEED PRODUGTION AND QUALITY IN TIMOTHY
TREATED WITH Na 2,4~D IN DIFFERENT CONCENTRATION

: On Aliderwood Soil On Ladner Soil
Na 2,4-D Ger- |[1000 Seeds | Seeds [ Ger~ |1000 Seeds
Concentrationfmin- |__ Weight from |jmin- Weight
lbse.p.as ation | % ) ationjgms.

TABLE XX

SEED PRODUCTION AND QUALITY IN TIMOTHY
TREATED AT DIFFERENT STAGES OF DEVELOPMENT WITH
1.0 LBS. Na Z,A.-D Pelo

- On _Alderwood Soil
Time of Ger- |1000 Seeds i 1000 Seeds
Application Inin. |  Weight from fimine |_ Weight
ation|gnms, % | 50 ation|gms.
% i Heads §
gms »
0 100.0} .515 |100.0 |6.191 «505
May 12,1951 98 okl5 | 8045 8,198 99 o415 | 82.1
" o19 " 98e5f 0425 82,5 |[6.882 98 o405 80,1
n 26 " 100 ebhO | 8544 |Te24) 98 «395 7842
June 2 " 98e5] 380 | 7367|5175 98 0390 | 7762
"9 0 9845 365 | 7008154578 «380
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IV. GREENHOUSE TRIALS

Objects: The purpose of thls series of experi-
ments, conducted in the greenhouse, were twofeld. First
of all, 1t was thought that an experiment should be set
out, under the more uniform conditions under glass, which
would serve as a check on the field trlials. Also, since
nitrogen uptake appeared to be an important factor in the
field trials, it seemed that a study should be made of the
effects of 2,4-D sprayed plants, on the free-living,
nitrogen-fixing, soil bacteria such as Azotobacter vinelandii

and A. chrococcum and symbiotlc nitrogen-fixing bacteria

such as the Rhilzobia of the legumes,
Materials: One legume, red clover, and one cereal
grass, barley var. 0ll1i, were chosen as the test plants.

Cultures of Azotobacter vinelandii and A. §hrococcum,were

obtained from the U.B.C. Soil Bacteriology laboratory stocks.
"Alderwood soil came from the U.B.C. area, the muck soil from
a half-bog in West Point Grey, the Ladner clay from the
Fraser River alluvium at the foot of Blenheim Street in
Vancouver and the Inéerior pedocal from the Dominion Raﬁge
Station lands at Kamloops, B. C.

Methods: The Alderwood soil, pH 5.6, the muck

soil, pH 4.2, and the Ladner soil, pH 4,8, some weeks
before seeding were given an application of superphosphate,
50 mgs. per 1lb. of soil. The pH of all soil seeded to

legumes was adjusted to Ca pH 6.0 by adding 175 mgs.
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agricultural lime per 1lb. to Aldefwood soil, 2.0 gms. per
1b. to muck soil, and 700 mgs. per lb., to Ladner clay.
Prior to seeding, legume seeds and solls were inoculated
with the Rhizobium-containing "Nitragin'., Somewhat more
agriculturgl lime was added to the soilg seeded to 0111
barley; vig: Alderwood, 200 mgs; per lb.,vmuck, 2.6 gms,
per 1lb., and Ladner clay, 800 mgs. per 1lb. The lime was
added on June 2éth and on the date of planting, July 17th,
the pH readings on the soil were as follows: Alderwood,
6.5, Ladner clay, 6.3, muck, 6.3 and Interior pedofal, 6.3.
Prior to planting the barley, one-hélf_of the seeds were

soaked'for'24"hours in an Azotobacter vinelandii and A.

chrococcum suspension made from the surface growth of

cultures in Ashby's mannitol agar. Also 5 c.c. (20 million

cells per c.c.) of the Azotobacter suspension were added

to one-half of the pots of soil in which 0111 barley was
seeded.

.In the red clover GXPePiQQQE each treatment was
accorded three pots, and 25 seeds were planted in each pot,
but after the seedlings were well established they were
thinned to 5 plants per pot. 2,4-D ranges were as follows:
0.0 1b., .01 1b., and .1 ,b. per acre and applications
were made by aqueou;egg’July 25, 1952 yhen}the plants were
still strictly vegetative - 4 true leaves on the plants

grown on Ladner and muck soils'andfﬁ_tpue leaves on the

plants grown on Alderwood soil. Cuttings were made at 4
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different times: the first was accomplished on August
7th, whilé the plants were still vegetative, the second
on September 6th, just before the flowering of the plants
on Alderwood soil and early flower for the plants on

the Ladner and muck soils. Plants whose first cut was
taken August 6th were agaln cut on October 6th when
Alderwood-grown plants were vegetative, and Ladner and
mick soll grown plants were pwre-bud. The last cutting
was made on plants which were in mlilk seed stage on
Alderwood,_and on plants which were_mature on Ladner and
muck soils. In the greenhouse, clover sprayed with only
«1°1b. per acre of 2,4-D showed marked narrowing of leaves
while in the fleld trials the morphological response was
only noted after much heavier applications, Roots'of all
harvestgd plants were marked carefully and their nodules
studied; they_were classified as tp white, green and pink
and their lengths 1n m.m. recorded,

In the barley experiment the 2,4-D was applied -
with an atomizer on July 23, 1952 when the barley on all
soils was 1n'the_3rd leaf stage. The concentrations of
2,4-D used were O, .1 and 1.0 1lbs. per acre. Half of the
barley was harvested at pre-boot stage, 15 days after
spraying, and the other half at maturity, 57 days after
spraying. Four pots were assigned to each treatmgnt and
20 -seeds were planted_per_pot,Jv;Qwsegdlings_dnly, however,

were permitted to develop. One-half of the pots in each
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treatment were taken for the early cutting treatment, the
other half were allowed to develop directly to maturity.

a) Red Clover

Vid. Table XXI and Table XXIA. - Nodulation,
crude protein percentage, dry matter, and total nitrogen,
in red clover grown in the greenhouse, in 3 soils, treated
with two concentrations of 2,4-D, and harvested at 4
different stages of development.

‘Few significant percentage protein changes were
recorded. Depression of protein percentage occurred in
plants from Alderwood and Ladner solls, but increases
occurred in plants grown on the muck soils. However, the
percentgge composition table scarcely portrays the true
picture, for the maturation process was altered by the
2,4-D? as well as the nltrogen uptake and»total dry-matter
yield. Accordingly, a somewhat better idea of the
interactions isobtained by an examination of the photos,
which show the marked differences in blooming time of
the red clover under treatment, and Qf thé Table XXIA
which shows the dry matter elaboration and total nitrogen
uptake., When these are appraised it is noted that again,
the 2,4-D early applications frequently result in greater
nitrogen uptake and greater yields,

‘ No differences in nodulation were observed; the
sigze, number and kind of nodules were much the same under
all treatments,“_The 2,4-D conqentratipns of this experiment
was not high enough, apparently, to interfere with nodule

formation.,
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TABLE

NODULATION AND CRUDE PROTEIN;

GROWN IN THE GREENHOUSE,
TREATED WITH TWO CONCEN
AND HARVESTED AT FOUR DIF

o

XXI

"PRODUCTION IN RED CLOVER

TRATIONS OF Na

. ON THREE SOIL TYPES

2, 4D

- FERENT STAGES OF DEVELOPMENT

2 Alderwood Soil Unclassified uck Soil [ _Ladner Soil
Na 2,héT§ Crude Protein " _Cfude Protein Nodules | Crude Protein Nodules
Concene J§ # of Deviation |[Number % of | 8 of | Deviation Number|Length | # of | £ of | Deviation]Number
tration § Dry : from per Dry Control from | .| per Range Dry Control] from per
1bs,p.asfMatter Control | Plantjin m.m.§Matter Control | | Plant|in m.m.jMatter Control {Plant jin m.m.
: + - . o * -
v Harvested 15 Days}'f'After Spraying - ‘
Y 2380 0 0 23.86 [100.0 |0 0 " 7849 2422 | 100,0| O | © 1666
o0l 24,93 1,13 23043 | 98,1 |43 10067 22,33 | 92.1 1.89%] 11.9
ol §23.94 14 23,06 | 9646 «80[ | 5248 azé 23,85 | 98.4 371 649
Harvested 45 Daysz»,aAfter Spraying
0 1946k o |o 4302 16421 [100,0 |O 0 | |97 | 36 16414 | 100.0| 0 |0 | 38,1
+01 18,83 081 3663 17,50 10749 @29* R ' 5607 %66 14,93 9245 1021*' 29,3
ol J120,85 1,21 3442 18610 [111,6 5.89* 6ls1l | 25 Jlhed9 | 8947 1.65%] 29,8
N .‘Harvested 75 Dagsff:ﬁfter Spraying '
0 19,82 0 0 42,0 A 16427 |100,0 |O o | 160e6 ®5 15,81 | 100.0{ O | O 63.9
001 17o48 2.34% | 23,0 5 20,05 |123,2 B,.78* Q;m902 -5 15070 9943 oll 6360
ol 17034 2,48% | 3463 5 18429 |11204 PR.02* 1’8340 ) 16422 | 102.5] o4l 7560
_Harvested 70 Days (Second Cut) After Spraying
0 18475 o Jo . 3662 “5 21,55 1000 | O 0 | 1.5 18,56 | 100,0| 0 | O 602
s01 017,69 1,06% | 3504 | £-5 [22.55 |104.6 fo00 ias 19,28 | 103.8 [ .72 62,8
ol 19456 81 3501 5 21,64 |10064 09 a5 19,22 103.5 066 67.1

M.S,De (5% point) 1.0397%




Production of Red Clover Grown in the Greenhouse s on Three
Soil Types, Treated with Two Concentrations of Na 2,4-D,
‘and Harvested at Four-Different Stages-of Development.

Alderwood Soil

J Unclassified Muck . Ladner Soil
2,4-D| | , Soil _ , .
" || By Matter| Orade Pro=| Dry Watter| Crade Fro-] Dry Vatter| Cruds Pro-
Pede per | tein per - per tein per per tein per
.5 plants |5 plants 5 plants | 5 plants | 5 plants | 5 plants
S, [ guSe _JuS. ShS. ghSe B8,
Har'vé’sted 15 Days. After Spraying..
0 |i 79 188 2.719 £u7 | 2.257 o546
OL | 678 «169 3,01 «706 2,316 517
ol 666 «159 2,208 509 1.380 0329
Harvested 45 Days After Spraying
0 | 2.583 «507 8.115 1.315 8.610 1.389
01 30,475 0694 94219 19613 . 80’-&15 10256
ol | 1.501 o312 . 9.102 1.647 8.420 1,220
| Harvested 75 Days After Spraying
0 | 2.736 o5l2 84234 1.339 11,500 1.818
0L | -3.731 «652 9.475 1.899 12,506 1,963
1 | 2.770 -480 9.925 1.815 | 12.811 2,077
) Harvested 70 Days (Second Cut) After Spraying
0 | 2.3 <160 2.245 83 3.405 <631
01| 2.339 . 2,301 | .518 1,082 +787
ol | 2.356 460 2.710 586 3.462 «665

" M. S.D. (5% point)
| Dry Matter - .3109 gus.

‘Crude Protein

03232 gms.
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Figure 5. - Red Clover grown in the greenhouse

in pots of Alderwood gravelly loam and treated

at the third true leaf stage as follows:

l. control, no 2,4-D, 2. .01l 1lb. 2,4-D per acre
3. «1 1b., 2,4-D per acre. Photo taken four weeks

after tregtment.
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Figure 6. - Red clover grown in the greenhouse
in pots of Ladner clay and treated at fourth
true leaf stage as follows: 1. control, no
2,4-D, 2. .01 1b. 2,4-D per acre, 5. .1 1lb.
2,4-D per acre. Photo taken four weeks after

treatment.
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b) 0111 Barley

Vid. Table XXII: Yield of dry matter in Olli barley,
grown in the greenhouse, in four soils, with and without

Azotobacter vinelandii and A. chrococcum, with and without

2,4-D0
Vid. Table XXIIA - yield of crude protein in 0111
barley, grown in the greenhouse, in four soils, with and

without Azotobacter vinelandii and A. chrococcum, with and

without 2,4-D.

Vid. Table XXIII - as for Table XXIIA preceding
but the expression is in terms of pércentage of protein,

| To the eye, qualitatively appraising.this green-

house experiment, the results were striking. ‘Much of the
error variation of the field trisls was avoided and the
responses showed a welcome uniformity.

The quantitatiVe'appraisal, as_recdrded in the
tables mentioned above, is also striking. iNot only are

the variables of 2,4-D levels and of Azotobactérminoculation

interesting per se, bﬁt.also their interactions wlth the
different soils.

Azotobacter inoculation of the Alderwood soil

increased the yield of the barley grown on the soil prdmptly
after inoculation (pre boot stage). On all soils the influ-
ence of the inoculation was generally observed, in the
increased yield of seed and of haulm, and in 1argef, taller

plants.
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2,4-D effects, per se, were most pronounced on the
Alderwood soil. Apparently, as far as influence on yield is
concerned, 2,4-D was somewhat more effective on the plants

of coastal soils than was inoculation of soil with Azotobacter.

Azotobacter and 2,4-D in combination did not give an additive

response, or if so, not an appreciable one.
Curiously, in an Interior soil, well populated

with Azotobacter, 2,4-D depressed yield.

Expressed as percentage composition protein, the

effects.of‘2,4-D and Azotobactefmgre not’ striking. Some
percentage increases are to be noted, especially on the muck
soll and on the Ladner clay. However, far more revealing,

are the effects expressed in terms of the nitrogen taken up.
Quite generally with both treatment series alone and in
combination, increased nitrogen uptake by the barley is noted.
It is observed additionally that in the Interior alluvium,
barley treated with 1.0 pounds 2,4-D per acre took up less
‘nitrogen thanlthe control.

Azotobacter populations - vid. Table XXIV: estimated
Azotobacter per gram of dry soil following 2,4-D treatments of
plants grbwn in the soil.

In an attempt to record the changes on the soil
flora following_2,4-D application to planhts, the populations

of the free-living, nitrogen-fixing, Azotobacter were followed.

The.record is somewhat inconclusive for all but the Alderwood

soil., Here the populations increased rapidly following 2,4-D
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appllcation until at 15 days after treatment, there were
ca; 7x as many organisms in the soil supporting 2,4-D
treated plants, as in the control soil. 72 days after
spraying, the populati&n differences in the soils were
negligible. Possibly because of the infrequent sampling,
but possibly for other Ilnherent reasons, appreciable

differences in Azotobacter populations were not recorded

for the other soils
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-TABLE XXII
: YIELD OF DRY MATTER IN OLLI BARLEY,
GROWN IN THE GREENHOUSE IN FOUR SOIL TYPES,
WITH AND WITHOUT AZOTOBACTER VINELANDII AND A. CHROCOCCUM,
WITH AND WITHOUT 2,4«D

Treatment Pre Boot Mature Length of Halm

Stage 57 Days After Spraying|57 Days After
Azotobacter| 2,L4~D 15 Days After|Seed Halm Only Spraying
1bsep.ae. Spraying gmse ‘ gms, cm,
£mS o

ALDERWOOD GRAVELLY LOAM (COASTAL)

Without 0 23111 1,967 2,320 35.0
" ol 20330 6o118* ko298 LT 7™
S 1.0 2,456% - 17,051 Lo486F 51,0%
With 0 Lo289% 5,590 3.,780* L5,0%
n o1 L .875% 6,130* Lo 294* LB,

y | 1.0 Lo779% . | 5.401% Lo 4,02% 51, 5%

UNCLASSIFIED MUCK (COASTAL).

Without . 0 ho5§2 2630 10580 3467
o o1 L.78L 5,518 . 3.883% 53,0%
" 1.0 ho369 60139% 3¢841% 57.0%
With 0 Le991* Lo 63L* 3.726*% 51, 5%
" ol 5,709% 50737% 3.946% 556 7%

" 1.0 Le525- 6.707F - 3.781%* 53,0%

LADNER CLAY (COASTAL)

Without 0 4L.090 6.369 4,100 52,2
" ol 5,104% 70637F 5,056* 577
" 1.0 5,85L% 8.,091% 5,636% 63.7%
With 0 La251 6.521% 4,178 5445
- : o1 Le2h7 6,711% Le222 1 48,7
n 1,0 5,951% 7.513% - L4.922% 5447

SILTY PEDOCAL (ALLUVIUM FROM THE "DRY INTERIOR")

Az, occur= 0 6,784 6,896 50,762 66,7
ring natur-{ 1.0 5.,988* Lo b8T* Lo6TT* 59.5%
ally : ' :
M,S5.D. 8 Dry Matter (5% point)

a) Pre Boot Stage «3141 gms.

b) Seed » W2364

c) Halm only 02627 M

d) Length (Halm) 5.9165 cm.




TABLE XXTIA™ - 5T

Yield of Crude Protein in 011i ‘Barley Grown in the Greenhouse
in Four Soil Types, with and without Azotobacter Vinelandil
and A. Chrococcum, with and without 2,4-D . ,

Treatment "1 Preboot Stage Mature
. 15 days after 57.days after spraying
' ' | spraying.
Azotobacter 2,4-D gms. - Seed Halm only
1bs= poa. ‘ﬂ. _ﬂ.
Alderwood Gravelly Loam (Coastal) '
Without 0o 0302 ‘ 148 W06
" ol 0339 oh58*b «1213¢
" 1.0 0299 «530% o133t
Qq. ol -] 06h9*v 0522* 0115*“
n 1.0 . .679* oh63* 01223

Unclassified Muck (Coastal)

Without 0 0397 «170 -064
" o1 453 5183 «097

b 1.0 Wkl 0523% <091
With 0 1169 LT3 <086
n el oSBh* ) 0535* 0085

" 1.0 v o3k « 7513 o094

Ladner Clay (Coastal)

Without 0 ] 339 0575 101
Coon S & ‘ 216 o719 122
" 1.0 o567 o676 - 137
With 0 olil:8 06283 010k
n ol 0,43)4 - '0639* 0101

n ‘ 1.C - 0671* . 0691* 40155*

' 8ilty Pedocal (Alluvium from the "Dry Interior"®)

QAz. Occurring 0 ‘ .765 628 202
Naturally » 1.0 067)4 .h62* 0203

M.S.D. (5% point) :

A.) Crude Protein Preboot Stage o112 gms,
B,) ® L Seed Ou3 ®
c.) " Halm Only 038



CRUDE PROTEIN IN OLLI BARLEY,

TABLE/XXIII

GROWN IN THE GREENHOUSE IN FOUR SOIL TYPES,

WITH AND WITHOUT AZOTOBACTERIVINELANDII AND A. CHROCOCCUM,
CRUDE PROTEIN
Treatments ] ~f,(§£e Boot) 57 Day agged . Da HalmenlyS i
=2 ays . a er r ing ays ,a er r in ter ra n
Azotobacter| 2,4-D [ [—ﬁ'ﬁr“'“ggv%zfton o OF % oL a ‘ngi%ﬁﬁfﬁr'
lbse.p.aes| dry control from dry control from control from
matter control [matter control mgtter_ control
ALDERWOOD GRAVELLY LOAM (COASTAL)
Without ) 14634 | 100,0 | & O 7e56 | 100,0 | ¢ O 2,77 | 100.0 | # 0
" ol 14455 | 10leh4 | « 421 7¢50 99,2 I = .06 2,83 | 102,1 | * L06
" 1.0 12.17 84,8 | «2.,17* 7.53 99.6 | = ,03 3,00 | 108.3 | & 23%
With 0 14,31 99,7 | = 403 9¢36 | 123.8 | «1.,80% ! 2,83 | 102.1 | *« .06
" ol 13.33 92,9 | «1.,01* 8452 | 112.6 1 & .96 2,70 974k | = 07
" b 1,0 14,21 9960 b = 413 t 8,58 § 113.4 t +1,02% 2.78 t 100,3 t « ,01
UNCLASSIFIED MUCK (COASTAL)
Without 0 8467 | 100,0 | + © 110,43 | 100.0 | « O 2,50 | 100.0 | + ©
" .1l 9.48 | 109.3 | « .81* . 9,40 90,1 | =«1.03* 2,52 | 100.8 | « .02
" 1,0 Q.41 | 10845 | + ¢74F | 8,53 81,7 | =l.90% 2.38 9542 | = 412
With 0 9.41 | 108.5 | & JT4* 110,22 97.9 | - .21 2.33 93,2 | - ,17®
" ol 9.36 10749 e 469% 9434 8945 =1,09 2.17 86,8 - o33%
u 1.0 9660 | 11047 | # o93% 111,21 | 1074 | & ,78 2,51 | 10044 | ¢ .01
LADNER CLAY (COASTAL)
Without 0 8431 | 1000 | # O ! 9404 1 10040 | & 2,48 | 100.,0 | & ©
" ol 8.17 9843 | = o1k 9e42 | 104e2 | # 438% 2,42 975 | = a06
" 1.0 | 9469 | 11646 | +1,.38%* 8436 92e4 | =~ o68%F | 2,44 9843 | = 404
With 0 10.;6 127.0 | #2425* 9ebh | 10646 | ¢ o60* 2,51 | 101.2 | # .03
" .1 10.22 | 122,9 | «1.91 9¢53 | 10544 | # J49% 2.40 9647 | = .08
" 1.0 11.28 | 135.7 | +2.95 9.21 | 101.8 | + .17® 3,15 | 127.0 | + o67*
SILTY PEDOCAL (ALLUVIUM FROM THE "DRY INTERIOR") V
Az, occaurring c 11429 | 1000 | * 0 9411l | 100.0 } = O 1 3451 | 10040 | & O
naturally 1,0 11,27 99,8 | = 402 9487 | 108.3 | + ,76* Le36 | 124.7 | e .85%
M,S.D, & Dry Matter (5% point)
a) Crude protein leaf ,3593
b) U 1823
c) " n halm 1483

*86
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TABLE XXIV

ESTIMATED AZOTOBACTER PER GRAM OF DRY SOIL
FOLLOWING 2«4~D TREATMENTS OF PLANTS
GROWN ON THE SOIL

Number of Azotobacter chroococcum + Azotobacter
TREATMENT vinelandii per Gram Soil in Millions .
Na=2w/ =D 15 Days After Spraying 72 Days After
1bs. p.ae Dilutions Dilutions Spraying
13100,000 121,000,000 Dilutions 1:100.000
_ Number| Differencei Number |Differencd Number Differencq
~ Alderwood Gravelly Loam (Coastal) ,

0 343 r o 267 ¢ o 2.7 to
ol 2167 +# 18,3* 18.3 ¢ 15,6* 203 e o4
1,0 ] 1269 o 9.5 | 140 | @ 11.3* 343 s .6

~ Unclassified Muck (Coastal)

0 he2 o0 3.7 & o0 1,3 rt o0
ol 3¢5 - 067 3.7 :'_ 0 2,0 e o7

1,0 ) lel. L 3007* "~ 1eT & z’oﬁi 1.3 : 0

' Ladner Clay (Coastal)

0 8.8 t oo 9e3 Y0 | 2.3 v o
ol Teb « 162 940 e o3 he3 * 2,0*

1,0 9e7 69 940 o3 263 o

Silty Pedocal (Alluvium from the "Dry Interior")

0 8 : 0 1,0 ht 0 . he3 : 0

1,0 1,97 * lolh 1.7 ® o7T] 33 - 1,0

M,S.D, (Number of Azotobacter in millions per gram of soil)

(a) 15 days; dil, 1:100,000 166
(b) 15 days; dil, 1:1;000,000 2,3
(c) 72 days; dil. 1:100000 2,0
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Figure 7. = 0l11li barley grown on Alderwood gravelly loam

in the greenhouse. Treatments as follows: 1. Control,

no 2,4=-D, no soil inoculation with Azotobacter. 2. Azoto-
bacter inoculation of soil prior to planting. 3. 2,4-D
applied at 1 1lb. per acre at third leaf stage, and soil
inoculated with Azotobacter prior to planting. Photo taken
5 weeks after 2,4-D treatment. Note immaturity and smaller

size of the control. Note the uniformity of 2 and lack of it
in J.
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Figure 8. - 0l11li barley grown in the greenhouse fn muck soil.
Treatments as follows: 1l. Control, no 2,4-D and no soil
inoculation. 2. Soil inoculated prior to seeding with Azoto-

bacter and, 3. soil inoculated prior to seeding with Azotobacter

and plants treated at third leaf with .1 1lb. 2,4-D per acre.

Photo taken 5 weeks after 2,4-D treatment. Note immaturity

and smaller size of the control plants.
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Figure 9. - 0l11li barley grown on Ladner soil in the greenhouse.
Treatments as follows: 1l. Control, no soil inoculation and

no 2,4-D. 2. Azotobacter inoculation prior to seeding and,

3. Azotobacter inoculation prior to seeding and 2,4-D at .1

1b. per acre at third leaf stage. Photo taken 5 weeks after
2,4-D treatment. The control in this case matures at about
the same time as the treated plants but is the lowest in yield.

Plants of 3 are heaviest yielders of dry matter and crude protein.
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matter yield, greenhouse grown 0lli barley, to four different soils,

to soil inoculation with Azotobacter and to different concentrations

of 2,4-D.
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V. DISCUSSION
Many authors have pointed out that 2,4-D and

other auxins are organic regulators of physiological

processes and are not in themselves, like carbohydrates,
energy yielding. Therefore, it becomes of some interest
to determine the manner in which the 2,4-D in certain of
our experiments increased dry matter yields and nitrogen
uptake.

Several possible answers to the question are
offered. 1In the first place, it may be asked if in our
experiments the energj potential of the plant was increased
through the application of 2,4-D.

Does auxin concentration 1limit the metabolié
activity of the forage plant during the grand period of its
growth? Does 2,4-D added artifiéialiy, at an'early stage
in deveiopment; meet tﬁis‘deficiency‘wﬁich, when wet, permits
greater synthetic activity by the plant? _Our experiments
neither‘suppaft‘nor detract from éuchfa-pqssible explanation
but certainly 2,4-D acting in this way could increase the
energy potential of a plant.

Other possibilities wouidvpermitvauxin to act in
such a manner ﬁhatAﬁétallplant energy is increased. Virtanen
and others in extensive, well-known experiments, have estab-
lished tojtheir satisfagtign, bﬁt not to that 6f many others,
that a numbér of orgénic sﬁbstanggs_ayehggcreted'from the

roots of plants in general, and in,particulgr,”ffom the
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nodules of legumes. The excretion, they say, is to be
noted ‘at times when the piant”is growing vigorously. If
such blant excretions are a fact, then it seems possible
that they might profoundly modify the flora and fﬁZﬁE“of thé
rhizosphere.,

2,4-D'itself might be exc¢reted following its applica-
tion to aerial pbrtions'and this might produce a heighﬁened
‘nitrogen fgiation in the soil ahd an incréase in nitrogen
uptake; Two items came to mind which might favour this
view, viz. (a) that 2,4-D added to soils in non-herbicidal
concentratioﬁs prOdﬁces yield and nitrogen responses similar
to those obtained when 2,4-D is appligd'tp'the aerial parts

of forages, and (b) that:RhizbbiamapdhAzdtobacter;;nitrogen-

fixing bacteria, are known toiproduce guxin_in larger
quantities than many. bacteria. Sugaré?;ight be the excreta,
for 2;4-D, it 1is well known, increases the sugar levels in
plantsuat_the expehse of reserve qarbqhydratesﬁ Sugars, too,
might modify the eqology of the soil organisms, In. any
evént, thevpossibility exists that the increases ih*dry matter
yield ahd nitrogen uptake by plants treated with .sub-
herbicidal levels of 2,4-D resultg from a modification of
the ecology of the soil microflora. In an analagous way,
antibiotic$ are kﬁown_to modify thg egglbgyvof intestinal
flora and ﬁggna~of young animals:and thereby increase their
rate of gain..

_Anqther.pqssible‘ansﬁer tqlour5questidn lies in

the kind of substances which are found in the plant. . Auxins

could profoundly. modify the synthetic processes in the plant
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without matérially altering the energy potemtial of the plant.
It may be that structural compounds of the plant might be -
elaborated at the expense of're$erve carpohydrates, i.e..
cellulose, lignin, protein, etc., might increase at the
expense of'starches; fructosans;‘éugaré; etc. . Such a re-
direction of the synthetic'function of the plant could
possibly explain increased dfy'matter yields,  PForage
produced of such redirection would, éf qourse; be of less
value to the grazing animal, 'Calofimgpri¢ studies should
quickly determine whether or not synthetié“redirection
is an answer. That redirection‘occurs_is‘well brought out
by van Overbeck when he reléted carbon-nitrogen ratios
‘to auxin 1evels‘andftb fruitfulness, But whether it
éxplaihs dry matter- and yield-increases or not is, quite
possibly, another aspect. |

The'tqpic seems to be worthy of purguit. The
vistas of usefulness which gontrol of maturation processes,
nitrogen,uptakg, and dry matter production appear to open up

are intriguing.
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Vi. A SUMMARY STATEMENT OF OBSERVATIONS AND,CONCLUSIONS

i. 2, 4 D applied in sub-herbicidal concentratlons to the.
76ly weze

forage plants of these experiments when young and actively

growing resulted in an eventual increase in dry matter yield.

and nitrogen uptake, "Too little" 2,4-D gave notfesponse,

"too much" 2,4-D was depressive...

2. The initial effect of even the "low" concentrations was
?

(
to depress yields but increased:synthetic?activity followed.

3. As the plants matured, larger amounts of 2,4-D were
midaogen and O{l.y arnaﬁu

required to produce eventual increases in synthetic—eetivity .

and the'point"wasnreacheduatﬂlater stages of growth where such

2,4-D additions were simply depressive.

4,“2,4-D, itvis apparent, in our experiment,‘impinged on
the maturation processes of the forages but not in very
predictable wayét, Applied when the plants were young it
seemed to hasten maturity; when applied .later, to delay it.
However, these effects apﬁZQZed to be'reléted in some subtle
way to the soil; thé photoperiod and probably the c/N .

"ratio of the plant.

5. To obtain "benéficialﬁ.responses related above, 5 to 10

times as much 2,4-D was required for grasses as for clovers,

6. Perdentage compositidn was. not a reliable guide to the
effects dff2;45D on the forage. qutal yields of dry matter

and protein are important factors in effect appraisal.
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7. Kjeldahl nitrogen, expressed as crude protein, did not
adequately indicate the effect of 2,4-9 on the nitrogen
metabolism of the plant. Non—protein nitrogen would be
Worthy of appraisal, but was not defermined for our experi-

ments.,

8. In general, it appeared that plants growing in the
relatively infertile Alderwood soil showed more marked
responses when young to 2,4-D than thbse_in the more fertiie,
'Ladner/clay or mﬁck soil. Maturation processeS’appareﬁtly
procéeded more répidly with season on the upland Alderwood
soil so that plants were responsive for a shorter period

to the sub-herbicidal concentrations of 2,4-D.

9. Not only did responses to 2,4-D differ with different
soils but also with different forage speciss., This may have

been due to different rates of maturation of the species.

10. Effects of 2,4-D on seed. production were variable.

High concentrations unquestionably reduced seed yiel@ but

not necessarily séed size. The responses %ere confounded
somewhat with time of flowéring. In general, it may be said
.that some responses are marked and worthy of further specific
study. An interesting aside was the effect of 2,4-D on the
percentage of hard seeds of red and white clover and the

uniformity of development,

1l1. Time of application and concentration did not have much

apparent effect on nodulation or kind ofvnodules in red clover.
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12. Applications of 2,4-D made to aserial parts of the plant,
0111 barley, under certain of the cdnditions, were associated

with changes‘in the Azotobacter population of the soil, but

the association may not be causal.
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