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CHAPTER I

INTRODUCTION:

Weeds have been & problem to man ever since he
begen to till the soil, Their presence is & factor
lowering yield and increasing the cost of production
of almost every economic crop. Weed eradication
and control messures therefore, are bound to loom
large in the msnagement of crops st various stoges
throughout their growing period.

Followling upon such discoveries as those of
Slade et 81 (1) and Mitchell and Hamner (2) that
synthetic growth-reguleting substences possessed
properties capsble of causing violent and often fatal
disturbances to plent growth, new and effective
methods of destroying undesirable specles were
developed. In fact, it can be said that the whole
thought and practice of weed control was
revolutionized by the promotion of certein practical
espects proceeding from the rapidly accumulating
knowledge of plant-growth substances.

Research soon indicated, however, that weed
control problems did not suddenly cease to exist, for
meny species were shown to pcossess & moderate to high
degree of resistance to the 'hormone' materiels.
Among such species were included docks (Rumex spp.);
perennisls, characterized by & long tepering or



fanged storage root system, and a strong capacity
to produce adventitious buds from the short portion
of underground stem,

Preferring medium toc heavy damp soil conditions,
these weeds are serions invaders of pastures on rich
deirying land while heavy infestations in annual
crops can lead to greatly reduced ylelds, It wes
but & naturel development therefore, that the
possibility of control of these plonts by the new
'hormone' herbicides was investigated in some of the
initisl experiments,

One of the earliest observations on the
susceptibility of Rumex sppe. to 2,4=dichlorophenoxy-
acetic acid (2,4~D) was mode by Mertn and Mitchell (3).
The first lerge sccle triasls however, vere made in
South EZngland, where, during the 1945-46 season, 177
acres of heevily dock-infested pasture snd crop land
were elther dusted or sprayed with the sodium salt of
2-methyl=Y4=chlorophenoxyacetic acid (MCPA) at rstes
of 2 1lb, acid eguivelent (A.E.) per acre as a dust, or
4 lb,A.E.per acre as & spray (4). Moderate
susceptibility was indicated, as was shown by the
spectacular epinastic responses and frequent death of
the leaves and petioles, as well @s by the decreased
infestation of the treated fields when examined some
weeks later, The extent to which the roots had
been killed, however, remained dndecided. Templeman (5)
reporting on MCPA applied at 8 1lb., A.E., per acre
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likewise was unsble to resch a conclusion as to the
extent of root kill, but Tincker (6) mede a claim for
a8 50% eradicetion of Rumex crispus with 'Methoxone' -
an MCPA dust preparation,

By using the sodium salt of 2,4-D as a powder
dispensed in & dose of 5% in bentonite, Scarponi (7)
claimed that it wos possible to destroy Rumex crispus.
No confirmation of this report has sppeared but
Pellegrini found thet a formulation containing the
sodium salt of 2,4=D in solution was an improvement (8).
Gysel (9) and Wurgler (10) have reported vorying
successes with 2,4-D preparations similar to that of
Pellegrini, sprayed on to individuzl plants, In &
Western Austrslian experiment a 2,4-D compound &t
4 lb, A.E, per acre reduced the prevalence of dock in
a pasture from sn 80% to a 505 infestation; the post-
treatment snalysis being made 6 months after spraying (11).

The results reported by Halliday and Templemen (12)
and Holmes (13) for the sodium salts of MCPA and 2,4-D
respectively, indicate that the differential responses
shown by dock plants are not so much due to the kind
of herbiclde employed as to the stage of maturity at
the time of treatment,

In the trials conducted by the New Zealand
Department of Agriculture, several preparations, in
addition to the materisls already discussed, have been
studied for their herbicidal effects on Rumex spp.(1l4s15).
These include both oil-based, and the water soluble
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polyethylene glycol=based esters of 2,4-D, the
triethanolamine sslt of 2,4~D snd 2,4,5~trichloro—-
Phenoxyacetic acid (2,4,5~T) compounds., It was found
that in esddition to stage of development, varization in
responseé could&glso be attributed to the herbicidal
preparaticn used. Thus, the oll-bssed ethyl ester

of 2,4-D wes more effective than the sodium solt of
either MCPA or 2,4-D. Also the results obtained with
the polyethyleneglycol~based esters of 2,4~D were

very promisling.

It is seen from the above review of work done,
that much information pertaining to the control of
docks by 'hormone' substances has been collected, but
the data hos Leen princlipslly of on observaotional or
empirical nzture rather than of @ guantitative kind,
The preliminary observational trials are now laorgely
completed, For further progress in the development
of effective treatment, it is now important thot more
sccurate assessments of the toxicities of the various
'hormone' herbicides be undertaken from the point of view
of the percentage mortalities achieved at varying dosage
rates, That is, more accurate evaluations in terms
of killing capacity of herbicides used at different
concentrations under diverse envirommental conditions
are required,

By the use of techniques involving guantal
responses, assessments of some herbiclides on several

weed species other than Rumex, have been made,
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willis (46), for exsmple, compared the relative
effectiveness of two 'hormone' herbicides aé agents

- in buttercup control, He used the factors of plant
numbers, flower-stalk numbers ond weight of foliage
per unit area, before and after treatment, as criteria
for camparison. Plant numbers per unit area was the
only factor used in & similer experiment reported by
Woodford for dinitrobutylphenol preperations ss toxie
agents to Stellerie medis in peas (17).

It is data of this kind that is urgently required
for all weed species that are regulerly the object of
spraylng programnmes, Rumex species come within this
category and one of the alms of the present study hcs
been the assessment of the relative toxicity of seversl
hormone her bicides on Rumex obtusifolius L. growling in
o ryegrass—clover pasture, Stage of growth has been
recognized es having an importont influence on the
efficacy of weed control trestments. In the present
investigation therefore, sfage of growth has been
studied as a varisble modifying the assessments.

Germinating seeds are readily damesged by contact
with high concentrations of growth regulating substances
(18519,20). Mullison and Humer (21) showed that
exposure of seeds of meny species to the vapours of
several of these chemicals resulted in mslformstions
of the seedlings and reduced germination percentages,
But evidence for these 'hormone' materiale causing

damage to ripened seeds, attached to the parent plant
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at the time of spraying, is meagre. Studies made by
Merth et al (22) on the effect of 2,4-D zcid on
maturing grass and cereal seeds showed that neither

the germination capacity of the sound seed nor the
vigour of the secdlings was detrimentally affected.
McIlrath et a2l (23) however, found that cotton seeds,
present at the time of spraying with 2,4-D, were
severely demsged, as evidenced by the reduced viebility
of the seeds und the reduced survival rote of the
seedlings.

In an endeavour to add further information on this
aspect of the éction of growth—-regulating substances,
an examination was maode during the present investigations
of the sbnormal effects produced by various 'hormone'
herbicides on very immcture and nearly ripened seeds

present on Rumex obtusifolius plaonts at the time of

spraying.

Measures which tend to exhaust the readily-available
energy reserves of plants have long been known to
weaken their ebility to recover from damage and so the
poseibility of eradication is enhanced. Hence, in
order to facilitate more effective control of many
notorious weeds, changes in the levels of carbohydrate
materials in root and other storage organs have been

determined at various stages of development for several

plants including Convolvulus arvensis (24, 25, 26),
Agropyron repens (27) and Cirsium srvense (27,28).
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From the work of several investigitors, it became
evident that the 'hormone' herbicides cause a loss in
Dry Weight of plant parts (29,30). Lxperiments

with Ipomoea lecuncsa (29), Convolvulus arvensis (31),

Teraxacum officinale (32) and Fggopyrum esculentum (33)
have all indicated that this loss 1s due to & steady
decline in the welght of starch cnd starch-like substances.
Recent work by Rhodes (34) on the influence of an MCPA
preperation on the metabolism of tomcioes, strongly
suggests that the effectiveness of the toxiec action
resides in the capaclity to deplete storage matericls,
especially in the roots,

Although death of a plent following 'hormone’
trestment might not be the direct outcome of
carbohydrate depletion, it secms logicul to conclude
that dasmage would be more severe at a time when energy
reserves are at & low ebb, Work was undertaken
therefore, to determine the level of reasdily-availcble
carbohydrate reserves of dock roots at several stages

of plant development,
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Order of Presentation of Masterisl.,

The experimental procedures asnd results sre presented in

three chapters, The contents of each chapter are as

followss =

CHAPTER II

HAPTER I

o)
=

.
L]

L]

Part 4 = @ description of the experimental
precedure followed for the assessment

of toxlelty of several 'hormone' herbicides

on plents of Rumex obtusifolius.

Purt 2 - the results of the experiments
described in FPart 1.

Part 3 -~ an account of the several kinds of
damage exhibited by the subterranean

perts of the treated plunts,.

Part 4 - a study of the effects of several

CHAFTER IV

'hormone' herbicides on the
viability of Rumex obtusifollius sceds.
Pert 2 - an investigation of the

malformations shown by seedlings
germinating from the above lines of seed.
Part 3 - descriptions of the abnormal plants

developed from the malformed
seedlings.

The determinétions of the readily-available
carbohydrate reserves in dock roots taken
from plants in various stages of development.
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CHAPTER b 8

EVALUATION OF HERBICIDES.

Part 4. Experimentzl Details.
The evaluation of the several herbicides to

be tested on docks reyulred that o determination be
mzde of the number of these plonts growing in the plots
before and after trectuent, Blther of two methods
could have been used, OCne was the yuadrat method

hich involves ccunting the number of plants {olling
within ¢ guadrot thrown 8t recndom on to each plot a
. set nuuber of times. Although ecsy to spply, the
method provides an estimation only of plant density.
¥Yurtheruore, in studies invclving perennisl specles, Tor
which often ﬁLny months cre regyuired for the completed
response to be given, there is the problem cof
distingulshing trested, but recovered, plunts Lram
others which have become estoblished subseguent to
spraying. Small shoots, regenerating from the roots
of severely demaged plunts, are likely to be very
readily confused with newly emerged seedlings.

The second method involves heving some mesns of
accurately identifying all plants treated, so that their
response can be readily determined at succeeding analyses,
This method was adopted for the experiment to be
discussed.

(1) Layout of Experiment. The field chosen for the
experiment was @ heavily



dock=-infested daolry pasture on the Massey Agricultural
College Farm, It had been sown to certified H,I. &nd
perennicl ryegress, and red and white clover about

18 months previously and had been regulorly topdressed.
Utllization during the second season had been by

grazing only. The sward &t the time just prior to this
experiment was thick where the docks had not become
dominant, znd was tending towards rankness. Docks were
very sbundant end vigorous snd were to be found in every
stage of development from seedlings to flowering cnd
sceding.

Two blocks, each ccnsisting of thirteen plots, were
1=1d across cne end of the iield. Down the centre of
esch plot, which mecsured 11 yd., x 4 yd,, cstrip 12" wide
cnd 11 yd. long was marked out, A distance of at lecst
5 yd. was kept between these adjscent centrul sirips
(see Fig. I).

The 11 yd. x 1 ft, strips within the larger plots
were surveyed in detail for the number and relative
position of all dock plants growing within them, while
the 11 yd. x 4 yd., ereas were designed in order to
obtain & more even spray distribution over the narrow
strips through the need to apply larger guentities of
material to the bigger areas,

(ii) Plent Recording. The following procedure was
adopted for the ldentification

of every dock plant growing within the centre strips.

Each 33 ft. x 1 ft., area wes examined progressively in
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1 ft.sqamre sections with the aid of a tape measure and
seversl cords. Smzll scale charts showing the number
end relative position of ¢ll Rumex obtusifolius plants

found growing in each of the thirty-three sections of
gll plots, were drawn, Since the follage of a dock
plent grows almost directly above the root and does
not spread by lateral stems, little difficulty was
experienced in distingulshing individual plonts, The
number of plunts in each square foot averaged about four.
In =2ddition to recording thelr presence, the plants
were classified according to stage of development,
In & field experiment of this nature, 1t wes impossible
to group with any high degree of accuracy. Three
rather broad divislons were adopted, therefore, into
which the plants could be assigned with reasonable
feecility, end, ot the same time, be representative of
three ilmportant developmental stages, The three
categories chosen were designated ‘young', 'mature',
and 'seed' and were distinguished as followss—

(a) 'Young':~ small plants with leaves not
exceeding 4 inches in length ana no
stem development above the ground
level. Freguently the number of
leaves per plaent was two only.

(b) 'Mature':~ included sll plents not identified
as 'young' but irom which there
was no stem growth sbove the ground
level, The representatives of



of this group were generally
vigorously growing plants approaching
vegetative maturity. The leaves,
which were more numerous thun on
young plents, were large snd often
reached & length of 12 inches.

(e) 'Sseed':~ in this cstegory were included both
those plants with an actively growlng
stem, snd those which were already
flowering or ripening seed, There
were few radicsl leaves but small
cauline leaves wefe distributed
along the sten,

(i1i1) Soraying. The spray mixtures were applied on

h Joapnuary 25th, 1952, {ive days after the
plant counts had been campleted, Six commercisl
'hormone' herbicides, of wnlch five were derivatives of
phenoxyacetic acld, were tested., <The formulation of
each was as follows:=-

(a) Ethyl ester of 2,4-D containing 3.6 1lb, A.E,
per gallon, .

(b) Butoxyethanol ester of 2,4~D " 3,6 1lb, A.L,

per gallon.

(¢) Sodium L=~chloro=orthotoloxy 3.4 lb. A.E,
acetate* contalning per gallon.

(d) Batyl ester of 2,4,5-T 3.6 1b, A.E,
conteining per gallon,

(e) Alkslolamine salt of 2,4-D " 346 1b, A.E.
' per gallon,

(f) Ethyl ester of 2,4~D based in
polyethylene glycolé& contelning 3.6 lb, A.E.
per gallon,

*Closely related to L4=chloro=-2-methylphenoxyacetic
acid (MCPA),
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Eech materisl was applied &t two concentrations;
the wesker belng at the rate of 1 1lb, A.E. per acre at
a dilution of 1 in & 100, and the stronger at the
rate of 2 1lb, A.E, per scre at 2 4 in 50 dilution.

Thus there was a total of twelve different spray
mixtures under test, All trestments snd a control
were included and randomly distributed once within
each block, so that the whole experiment was in
duplicazte. Fig. 2 shows the lsyoutl of the plots
within each of the two blocks and the treatment that
each plot was given,

All applications were made with a kngpsack sprayer,
which was thoroughly rinsed in clezn water between
each different material or dilution used, In an
endeavour to get uniform dosages on cach plot, actions,
such 28 the speed of wulking, the pumping and the
height that the boom wes maintalned sbove ground level,
were a2ll kept as constant zs possible, In determining
the epplication rete to each plot, the volume of
material which was invearisbly left in the bottam of the
spray tank after spraying waes measured snd subtracted
from the guantity which had been measured in, The
difference represented the total volume applied,

The weather on the day of spraying waes warm znd
overcast. The Grassland's Division weather station
recorded a maximum temperature of 66.0°F, and 60+6°F,
et 9 a.m, Rain was nil, bright sunshine less than
en hour, and the wind was from the west with a force
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of 3. The next day (Jenuecry 26th) wus clecr and
sunny with & maximum temperature of 72.1°%.

Observations cf an empiricsl kind only, were mode
foirly regularly durlng the fortnight immedistely
following spraying.

The 1'irst detailed observastion to determine the
nature cnd extent of damage to the individuel plonts
was made between Febyuary 24th end Harch 18t, about
five weeks after spraying. Zeeh plsnt which had been
recorded on the charts, wes re~identified cnd g note
made as to whether it possessed, or wus completely
lacking,visible foliuge growtih. Those without such
growth were ones which hed been sericusly injured by
the nerbicide und thus included tiicse which might
be eventuclly uestroyed., Plants growing new shoots
Lhowever were obviously in the process of recovery.
Cnly s few 'young' plants had sctually begun to rot.
Most of' the defoliated crowns remained intact,

The absence of foliage did not heamper the process
of identification, as the defoliated stem=~base region
was found either projecting slightly sbove ground
level, or, if subterranean, surmounted by & small hole
left in the soil surfauce by the decaying petioles,

A second observation was made after a further five
weeks, between March 30th and April 4th, The
procedure followed was similar to that on the first
occasion, and once more & note was made of the

condition of each plsnt., Inspection after fifteen
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weeks indicated no substantisl change - it then
being late asutumnm.

The final examination was made thirty weeks
after spraying, between August 23rd and 25th. The
spring growth had begun, cnd both the recovered
end the appsrently unaffected dock plents were
grovwing strongly. Plants which h&d recovered since
the cutumn were resdily re-identified, but in cases
where no folicge growth had appeared, it was now
necesssry to probe for the root. In nearly every
such case the root was found to be in an advanced
state of decay, but 1n & few instances where decay
had not progressed fer, young shoots, still below
the ground surfcce, were found to be developlng.

In these circumstances the plant was recorded as
recovered,

From the final observation, the percentage
mortality obtsined with the sprays on each of the
three developmental stages recognized for the
experiment, was calculated,

During the course of the collection of
gquantitative date, the plants were examined alsc for
the purpose of ascertaining the manner in which the
defoliated crowns were damaged, Material for study
was dug from plot areas outside the centre experimental
strips eleven weeks after spraying and photographs
were taken, Results of this section of the work
are presented later in this chapter,
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Part 2. Results,.
(£) Injury to Foliage.

The immediaste reaction of the plants was very
slmilar for the first week irrespective of the
treatment, Leaves curled due to curveture of the
main rib end petioles became very twisted, Stems,
if in en aetively growing condition, also showed
similar responses, especially in the apical region.

The leaf mesophyll tissue however, tended to
be affected in one of three weys, depending on the
spray treatment, These were -

(a) A slow yellowing, appesrance of moribund
areas snd eventusl death of the lesf, This
type of response occurred freguently with
ethyl ester of 2,4-D, butoxyethcnol ester
of 2,4=D, polyethylene glycol 2,4-D, &nd
emine 2,4-D at both concentrations, but
chiefly at the higher in the case of the
latter two,

(b) The appearance over & limited area on the
leaf of brown necrotic patches, The
damoged leaf was not destroyed however,
This effect was most. obvious with the 2 1lb,
rate of both 2,4,5~T and sodium 4-chloro-
orthotoloxy acetate (Na-CTA),

(e) Recovery from vein curvature without any
sign of necrotic tissue was & characteristic
response to both Na=CTA and 2,4,5-T at the

lower rate of application,
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Fran these observetions, it wes possilble
within a fortnight, to distinguish the herbicides
which were proving relatively ilneffective from those
which were causlng & more profound disruption to
growth, Plants in the 2,4,5=-T ¢nd Na=CTA plots
showed genersl recovery and growth of new follage.
Lven the twisted stems becume less curved and
continued growth, Only in the lighter dosages of
the otherswas there sny appreciable recovery at this
time.
(ii) Effect on Pasture:

The vclue of @ herbicide does not depend wholly
on its potency cs a weedkiller, but zlso on its
relative innccuousness to the crops in which weeds to
be controlled are growing, Hence in the nresent
study, the extent to which the pasture was
detrimentally affected by the sprays was noted,

Clover, generclly, showed considerable susceptibility,
as was evidenced by the appearance of brown, scorch-
like lesions on the leaflets and the disintegration
of much stem tissue into a soft rot condition,

Damage was very apparent in the cases of 2,4,5-T
at 1 1b, and 2 lb., smine at 2 1lb,, and the ethyl and
butoxyethanol esters of 2,4-~D at 2 1b, Mild
responses only occurred in the 41 lb, plots of
amine=2,4~D and polyethylene glycol-2,4~D, while
Na-CTA was almost without effeet, After about five
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weeks however, recovery was f{olirly general, but

in the 2,4,5~T and the 2 lb, cmine-2,4,~D plois the
clover was very much thinner, In no instance was
. the ryegrass noticeshly reduced in vigour,

In presenting the quentsl results leading to
the detemination of the vslue of the several
herbicides, the dats will be exaomined from two
aspectss=-

(a) the effectiveness of each hormone
weedkliller as a herbicide on Rumex
obtusifolius at three stages of development,

(b) the rate of plunt recovery according to
the stage of growth and the material used -
that is, the time factor,

(ii1) Effectiveness of Materisls Tested.

The percentage mortalities obtained at the
three stages aof development with the varying
treatments, are set out Table 1. Detalled results

are contained in Appendix I,



TABLE I.

THE PERCENTAGE MORTALITY IN PLANTS OF
RUMEX OBTUSIFOLIUS ACCCRDIING TO HuRBICIDE
TREATMENT AND STAGE OF DEVELOPMENT,

Prestme nt* ' StaFe of Develoggggy
Seed' Mz ture' "Young'
24l 5=T 1 0 345 11.3
2,4,5-T 2 101 1.6 S5el4
Na=CTA 1 0 8.6 Lol
Na=-CTA 2 0 846 16.7
Amine 1 0 10,2 26,1
Amine 2 2,9 55.8 513
2,4=D v 1 149 1649 24,6
2,4=D v 2 0 L1.3 L6.1
2,4=D nv 1 0 $27 25.0
234=D nv 2 0 143 213
| PoBa 2,4-D 1 2.7 175 30.0
P.B. 2,4=-D 2 0 20,0 26.1
)

#The following abbrevistions for the treatments
be employed from hereon,

studied, will

2o4,5=T 1
294,51 2
Na=-CTA 1
Na=CTA 2
Amine 1
Anine 2
2'1}-13 v 1

2:4-D v 2
2,4=D nv 1

P.E. 2"4— D 1- 1 lhl

P.E.Z,L}-D 2 =

1 1b.
2 1lb.
1 1b,
2 1lb,
1 1b,
2 1b.
1 1b.

2 1b,
1 1b,
2 1b,

2 1lb,

AoE,
A.E,
ALE,
AE,
A.E,
A.E,
A.E,

AJE,
A.E,
AE,
ALK,
AE,

per secre
L] n

w
"
n
"

of 2 .lu""D
per acre
of 2 ”-I-"D

254,5=T,

29l 5T,

He~CTA.

Na~CTA,

Amine 2,‘-]--1}

Amine 2,4~D

ethyl ester of
2,4=D (volatile).
ethyl ester of
2,4-D (volatile).
butoxyethenol ester
(non-volatile).
butoxyethanol ester
(non=volatile).

per acre polgethylene glycol

poly;thyiane glycol
2 .lln"'D.



From the sbove figures severzl polnts are
Immedictely outstanding. These can be listed as
follows:~-

(1) The slmost complete resistance of plants

in sn advanced stage of development -~ the

'seed! plants, In eight of the twelve

trectments, no mortality occurred, whilst in

the remaining four, the numbers killed did not

exceed 3% even in the best instunce, In fact,

of the 1054 plants classified as 'seed', a total
of only 7 from all the plots was destroyed.

(1i) No material proved to be reclly effective.

Apart from the 2 1lb. rate of amine and
2,4=-D volatile, which reduced infestation by
about 50% and 40% respectively, the effectiveness
of the other materliacls, whether messured on the

'voung' or 'mature' plants, was in most cuses

considerably less. Few managed to control 30%

of the plants and severasl did not give even a

10% eradication,

(111) Results with 2,4,5~T and Ne~-CTA were the

poorest, The former, apart from an 11.3%
control of young plants at the 1 1lb, dosage rate,

gave percentages ranging from 1.6% to 5..%.

Figures for the latter were between 4.1% and 16.7%

with the best control being given by the_z 1b.

A.E, per acre dosage on ‘young' plaents.
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(iv) Of all the treatments, amine gave the
best results. On 'meture'! plonts it
eradicated 55.8%, whilst on 'young® plants

51.3% were killed, With kills of 41.3% and

L6,1% respectively, 2,4-D volatile was the

second most effective herbicide.

(v) 1In 211 but twc cases, the 'young' plants

were more readily killed than the 'mature'!
plonts, Severity of the sprays was cbout

twice as great on the former ss on the latter

group.

(vi) Doubling the spplicution rate of cny

mo teriel gave results which varied with

the m=tericl, Thus 2,4~D nv 1 ¢nd 2,4-D nv 2

gave 2 12, 7% &nd 14,3% control resvectively on

‘masture ! plonts., Comparable £ igures for smine=—1

and smine~2 were 10,2% and 59.8%. That is,

2s4-D non-volatile differed from smine by not
effecting & greacter control at the higher
epplication rate. A similcr result to that of
234~=D non-volatile was recorded for 2,4,5~T,
le=0TA and P.E.2,4+D,

To enable valid conclusions to be reached from
the data presented in Teble I, the percentage f igures
for the '"mature' and 'young' plants were treated
statistically. With the number of plants under
test in each plot approximstely the same, it was
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found possible to use unwelghted, instead of
weighted, percentage mortalities without impairing
the results to any extent. To ensure homogenelty
of variance 1in the datas, ull figures were
trensformed to angles (angle = arc sinf_ﬁ_) using
the table published by Snedecor (35).

Table II contains the transformed dota arranged
in an ascendlng numericzl corder according to the
effectiveness of the 'homone' herbicide.

TABLE IJI.

ANGLES CF THE PERCENTAGE MORTALITY DATA FOR
THE VARIOUS TREATMENTS AID TWO STAGES OF DEVELOPMENT,

Treatment | '‘Mature' | Trectment "Young'
2oly,5=1 2 LeS Na=CTA 1 11.67
2yl455-T 1 10.91 2oLy 5=T 2 13.88
Ne=CTA 1 16478 25495-T 1 19.68
Na=CTA 2 1717 Na=CTA 2 26456
Amine 1 19.66 254=D nv 2 29.50
2,4=D nv 1 20.13 2,4=D nv 1 30403
2y4=D nv 2 22,01 Amine 14 3.4l
2,4=D v 1 24,07 P.E,2y4=D 2 31496
P.E.2,4=D 1 25,00 2,4=D v 1 32,38
P.E.2,4~D 2 25,85 P.E.2,4=D 1 32,92
2,4=D v 2 37.79 2,4-D v 2 L2, 96
Amine 2 48.24 Amine 2 46,67
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The results of the analysis of variance of the-

angles are presented in Table III,

TABLE III
ANALYSIS CF VARIANCE CF AIGLES
FROM TAHLE II,
Sums of Degrecs of_ Mean L P J
Source Squares]! Freedom Squaré valup Resul
Replications 27.0 1 27.9 L4 -
Treatments Loys, 2 11 LL4B.F 7. 54 L
Stage of
Developmeng  496,0 1 496.p 8,29 = =
Interaction 266,9 11 2L. B .hﬂ -
Error 137643 23 59,8
Total T4 ol L7

#»% highly slgnificant

The presence of highly significant differences
in the dats according to both treatment and stage of
development is indicated, The "t" value for the 5%
level of significaence within the trestments was

calculated as 11.3 by the formula d o5 = by JZ;@_

where %y = velue of t for error degrees of freedom,
EMS = error mean sgquere,
end r = replications,
Using this figure as a measuring rod in Teble II, it
can be seen that on mature plants, amine 2 was
superior to &ll other sproys except 2,4-D v 2, and
even in this csse the difference came very close to the
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5. significaence level, It follows therefore, that
amine 2 was much better than amine 1. Comparing
294=D v 2 with other trestments, the recults esre
seen to be similar in nature to those of amine 2,
but of course, not of the same magnitude. On
'young' plants amine 2 wes significently more
effective then sll the other trestments except one
and showed up better than 2,4-D v 2, which, in this
case, excelled only four at the 5% level.

The epplications of 2,4-D non-voletile and
P.%e2,4-D 8t both dossges, and 2,4-D volatile &nd
eamine 2,4-D at the 1 1lb. rate, each gsve kills which
were intermediste in magnitude between those of
smine 2 and 2,4-D v 2 on the one hsnd snd the Na=CTA
and 2,4,5-T sprays on the other. With the
intermediate group itself however, the results were
&ll very similar. This was most marked with the
young plsnte, for which the angle transformetions
were all within the range 20.50 to 32.92. Although
between the percentage mortalities of the intermediate
group end the superior amine 2 and 2,4-D v 2
treatments, there tended to be a distinect division,
there wee & very definite gradation of resulte down to
the less effective Na-CTA and 2,4,5-T treatments.
That 18, 2,4,5=-T 1, Ne-CTA 1 and Na-CTA 2 were
not inferior to &ll other herbicides.
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Use of the "t" value over the range of results for
the herbicides concerned, provides the basis for
these coneclusions,

From Table III, it is seen thst stage of
development of the docks was an important factor
in determining the response to any of the hormone
herbicides, The differences in percentage
mortalities (expressed es angles) brought about by
the verious materisls for the 'young' snd 'mature’
plants are presented in Teble IV, The figures were
determined by subtrzction of the 'mature' vslue from

thet of the 'young'.

TABLE IV,

DIFFERENCES IN PERCENTAGE KILLS ACCORDING
TO STAGE CF DEVELOPMENE, (DATA IN AIGLES.)

Treatment ?§§ﬁﬁﬁiﬁﬁiure) Treotment x%éﬁgfgg%gge)
2,4,5-T 1 8.77 2,4-D v 1 8¢ 31
2,L,5T 2 8.97 2,4-D v 2 5017
Na-CTA 1 5.11 2s4=D nv 1 9.90
Na-CTA 2 9.39 2,4~D nv 2 7.49
Amine 1 11.78 P.E.2,4-D 1 7.92
Amine 2 157 P,E.2,4=D 2 Ge11

With a "t" value at the's% significance level
of 4.6, it is at once sppesrent that all sprays but
one were more lethal on the lesser developed growth,
In other words,, the pleante classified as 'young'
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exhibited & much grecter sensitivity to the sprays
than the 'mature' ones.,

Experimental error is the only explcnation
which can be offered for the low result given by
amine 2 on '"young' docks, as only in one of the plots

was the atypicszl response given,(see Appendix I).

(iv) The Rute of Flant Reoovery
' From the date collected at five, ten and thirty

weeks ufter sproying, it wes posslible to get some
indication of the importunce of time in the recovery
of Rumex obtusifolius to verious 'hormone' herbicides.

Table V shows the percentage of plonts remaining
elther defolisted or sctuclly destroyed at the three
intervels sfter spraying for the 'mature' snd "young'
stages of development. The figures for the thirtieth
week represent the final kill, Calculztions are
based on the data conteined in Appendix I.
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PERCENIAGES OF 'MATURE' AND 'YOUNG' PLANTS
KILLED, OR REMAINING DEFOLIATED, AT THREE

INTERVALS AFTER SPRAYING,

Treatment fizgkg) 'Mature'! '"Young'
D 14 17
254,51 1 10 7 11
30 L 11
5 2 14
29l4,5=T 2 10 2 T
30 2 5
5 i2 11
Ne-CTA 14 10 10 6
30 9 L
9 5 23
Na~-CTA 2 10 13 20
30 9 17
5 66 87
Amine 1 10 53 50
30 10 26
5 86 72
Amine 2 10 19 62
30 56 oy
5 39 52
2”4-"]) v 1 10 31 37
30 G I ¢ 25
5 80 & |
30 LA L6
5 57 56
24=D nv 14 10 L 50
30 13 25
5 55 6l
2,4=D nv 2 10 52 L9
30 14 27
5 L3 60
= o7 =
PEe2,4~D 2 10 52 g
30 20 26




It is seen from these resunlts that the nuwibers
of plants which remained defoliated st the fifth week
did not prove to be very reliable measures of the true
lethsl effects sustained. Thus, in no less than seven
treatments in the 'young' group and six in the 'mature’,
more than 50% of the plants were in ¢ defolisted state,
Figures renged as high ss 85% (Amine 2 ) and 87%
(Amine 1) 2nd several others exceeded 60, At the end of
ten weeks there were still three applicstions which
were apperently giving wmeore than & 50, control of
'metures', whilst in the 'young', there remscined six
in the sume category. By thirty weeks however, st
which {ime the true letholity was deleormainsble, only
those ‘young' snd 'meture! plants which had been
sprayed with smine 2 were found to have been destroyed
in numbers e xcseding 50: of the total treated,

Since - winter sezson come betwieen the tenth
and thirteth weeks, dogks recelving ncn-toxic wantities
of herbicide might well have token @ somewhat longer
time to recover than if such a period had not
intervened., Therefore, it would be of little value
to campare the rates of recovery during this period.
A comparison was made however for the interval between
the fifth and tenth weeks, over which there was no
general cessation of growth, Table VI contains the
data necessery.for this canpariaon. Figures express
as a percentage, the number of plants which, although
defoliated at finl weeks, had begun to grow sgain by
ten weeks,



- 29 =

TABLE VI.

PERCENTAGE RECOVERY BETWEEN THE FIPTH AND
TENTH WEEKS AFTER SPRAYING FOR THE "MATURE! AND
'"YOUNG' PLANTS,

Treatment "Mature! "Young'!
25U4,5-T 1 50 Sk
2 9liy5-T 2 0 54
Na=-CTA 1 15 50
Na=CTA 2 (8] 23
Amine 1 21 43
Amine 2 o 15
2,4=D v 1 20 30
24=D v 2 0 10
2,4~D nv 1 22 10
244=D nv 2 L 23
P.li,2,4=D 1 () 23
P,E.2,4-D 2 & 23

Two features are noteworthy. Firstly, docks
defoliated by the 41 1lb. A.E, per acre rate of
herbicide recovered much fester thaon those treated at
the rate of 2 lb. A.E. per acre. Disregarding the
figures for the 2,4,5~T and Ne-ClA fomulations due
to the small number of plonts involved, the .racavew
rate for the 1 lb, treatments averaged sbout 20%, while
for the 2 1lb. ones it was about 10%i, The greatest
regeneration occurred with Ampine 1 (21%, L43%) and
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2,4=D v 1 (203, 30:) while smine 2 (8%, 15°) cnd
2o4=D v 2 (0 ;ip 10%) coused for more profound effects,
Other materivls tended to be intermedlcte in thelr
toxiclty ond hence in their degree of dlarapiion to
the pliunt,.

Secondly, regordless of 'homocne' or concentrotion,
recovery rote voried with the stoge of deveclopment of
the docks, Agedn cmitting the unrelicble results for
No=CTA and 2p4,5"Ty 1t 48 seen thot ‘young' plonte
recovered more ropidly thon the 'motuve'. Regenerction
cf the 'yoang' wes sbout twice os greut us that of the
‘moture® in the ‘mine 1 (43, 29;5) und Amlne 2 (15.,

84) plots, ond up to six times greoter in the F.h.2,4=D
plotse An cppurently utypicol result wod shovn by
2o4~D nv 1 (22, 10.)., Experimentol error, together
with notural voricbility in »lont resistunce, coild

be t.c ecuse of mich o discreponcy, c¢s there is no bosis
for belileving thet 2,4-D nv 1 hos o grecter toxlelty on
‘moture! then 'young' growth,
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PART 3.

The lizture of the Damage Sustugfed by the Stem—base
Region of the tlants.

Although in most caéses the lecves cnd petioles

hed long since decayed, the subterrcnean stem and
root were found to be either intact but wodified in
{form, or, in more severely damaged plants, the
distal part of the stem wss necrosing, All 'seed'
plunts were, of course, exceptions in that they did
not show uny injury of the underground parts (see
Fig. 3.). ‘The responses shown by the 'mcture' and
'young' plants were sble to be classified into four
foirly distinet groups which, together with
photographic illustrations of typlcol rcoresentatives,
were as follows:=-
Group A. (See Figs. L,5vend 11c.) This group
wes distinguished by a smoll ledge which girdled
the stem usually about midwsy aclong its length.
Not found &t sll on unsprayed specimens, this
ledge seldom extended very deeply into the stem
tissues (Fig. 11c shows an exception)., There
was no necroslis and folicge was invariably growing
from the apical region of the stem, This type

of deformation was found in Na=CIA-treated plants
only, and, compared to the other responses, it

would appear to be the outcome of very mild injury
only.
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Fig,3 = A sproyed 'seed'
plont showing no
sign of injury.

Fig,4 = Injury in the form
of & small ledge

girdling the stem.



(a) (b)

Flge, 5 = Longitudinol section of roots showing
a f Group C=type damage;
b) Group A-type damsge,

r N

Fig.6 - Group B-type demage

@8 indicated by the
extensive proliferation.
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Group B. (See Fig. 6.) Although similer to

Group A in thst at least a portion of the distsl
pert of the stem remsined, specimens of this

claes had large masses of proliferating tissue
ebout the stem base. There wae no active terminal
growth from the stem. Plants from Ne=CTA, 2,4=D
non-volatile and P.H,2,4-D plots showed thies form
of injury moet commonly.

Group C. (See Fig.7). This type of deformstion
wae in the form of a severe crown demage and wss
found in all plots treated with & 2,4-D-based
msterieal. The grester portion of the stem was
rotted sway so thst only s small portion remained
adjacent to the root. Frequently the necroeis

was observed to be penetrated further into the
medulla than into the vascular region (see Fig.5s).
In some specimens, callue tissue developing from
the vescular tissues had formed s distinct ridge
about the medulla.

Group D.(See Fig. 8). Plants of this group were
charecterized by a large proliferating mass of
tissue thst extended completely over the distsl

end of the stem. In not sll ceses had the callus
completely grown over the medulla as 1is illustreted
in Fig. &b. There was no remaining etem tip as in
Group B. Figure 8a shows a variation of the
response in which the proliferation developed on

one eside of the stem only. Group D was recorded



(a)
Fig, - Roots showing severe injury
of the Group C type. lote

young shoot in (2).

(2) (b
Fig, 8 - Callus growth
partly ?:) and

completely (b)
overlying the
distal end of
the underground
stem,

(b)

Fig.9 = Untreated 'mature’
plant,
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from sll plots receiving & 2,4~D-bosed herbiclde
treatment ond occasionally from Na~CTA 2 plots ahd
differed from Group C in that there wes a much
greater develomment of callus tissue,

Figure 9 shows @ control plont with which to
coumpare the severcl malformations discussed above.

Many lnjured pleénts were excmined on which new
shoots and buds were found to have developed alwoys
from the stem region bassl to the proliferations
and in no case were they Tfound developing from the
callus tissue, The proliferations were freguently
cbserved to be in & pertly moribund condition,

Figure 72 shows & defolisted plsnt in which
young growth his developed from a purt of the stem,
basal to the region of sbnormul cetlvity. FPigare 10
shows ¢ similor exami.le but the growth 1is much umore
advanced ond vigorous, Fote thut there is no growth
from the zspex of the maln stem, Thet small plaonts
react in & fashion similar to the lerger ones is
illustrated by Figures 11a and 11b., Adventitious
buds are seen to have originated basal to the
proliferations.

The charecter of the new foliage on recovered
plants was variable, Whereas in treatments which
caused but slight injury,the shape of the leaves and
vigour of the growth was compareble to controls,

plants that recovered from more severe dasmage almost



3a

Fig,10 = New growth on @ spraey-injured
plant, Note destruction of
the original stem apex,

L B
E-Y
-

b

(a) (b)) (e

Fig.11 - Recovery in small plants
Note girdling ledge along
stem of (¢).
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invariably had much smaller and narrower lesves than
normal in the initl:l stages of regeneration. That
is, the growth was much less vigorous.

Plonts which succumbed to herbicide failed to
produce ény new shoot growth, Their remains
indiczted that the vislble externcl injury was of
a severe Group C or Group D type. In the latter
event, the proliferation hcd not develoved, evidently

to any purpose,
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CHAPTER II1I

HERBICIDE DAMAGE TO SEEDS AND KINDS OF
SEEDLI NG MALFORMATION,

PART 4.

Effects of the Herbicides on Viability of Rumex
obtusifolius Seeds.*

(1) Choice of Materisl =snd its Collection.

The plots laid cut for the purposes of the
experiment deseribed in Chepter II hcd many docks
at all stages of development at the time of spraying
on Jenuary 25th, Therefore, the scme plots were
able to be used for the investligotlion into the effects
of several 'hormone' herbicides on the viability of
Rumex obtusifolius seeds,

In order to have a sufficient number of plants
to ensure & reasonsble velidity of the results, the
reaction of two stages of seed development only waes
eble to be s tudied. These were at mid-flowering
and advanced seed=-ripening, Representatives for the
former group (hereafter called 'soft') were limited
to those plants in which flowering, as evidenced by
the prominence of the anthers, was 1in progress

at least in the middle portion of the raceme. ysually

% Technically the seed of Rumex obtusifolius is g
fruit; as the pericerp, @lthough not fused to the

testa, is closely assoclsted with 1t, In this paper,
however, the frult will be referred to as a seed, for
the studies are concerned with the true seed,
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the uppermost sections carried unopened buds, while

the proximal part of the raceme had completed

flowering and the seeds were soft aond green, Flonts
chosen for the latter group (hereafter culled 'hard')
had completely finished flowering, the tepals were
changing in colcur from green to brown znd the fruit
pericsrps, which voried fram a golden to a light

brown cclour, were hard,

Ten plonts, to represent each of the above two
groups, were tagged in duplicate plots for those
trestments that were to be studied. ‘The following
herbicide formulations were represented:=-
29lshb=T 135 2,4,5-T 2; Na=CTA 1; Na-CTA 2; Amine 1;
Amine 2; 2,4-D nv 1; 2,4-D nv 2; P.E.2,4~D 1;
P.E.2,4~D 2,

The last two were investigsted on the 'hard' seeds
only. Controls were alsotagged,

It became necessary a fortnight after spraying
to gather aoll tagged materisl, as the College milking
herd wes to begin grazing the field containing the
plots. This was unfortunate, for, although the 'hard'
seeds were well ripened, the racemes carrying the
'soft' seeds were still green.,

In the laboratory the harvested material was
dried for three weeks, after which the seeds, together
with enclosing tepals, were pulled from the stems and
stored in packets.



(11) Some Preliminsry Investigations.

(a) General.

Before the sproyed seed sumples were tested
for viability, a preliminary investigation was made
on some untrested seed., It was necessary (a) to
determ.ne the germinatlve capacity of fresh seed,
and (b) to compare the germination capacity of seeds
freed of tepuls with that of secds remsining in the
tepals,. The need to study the former aspect was
felt in view of the reports in the litercture bearing
on dock seed germination, Gill (36) observed an 84%
and 88 germination for freshly harvested snd milk-
ripe seed of RumexXx crispus respectively. Fluctusting
temperctare and 1light conditlions were regyuired up to
the third month, but thereufter germinotlion occurred
readily ot constsnt temperature, Gardner (37)
reported a low germination capaelty of fresh Rumex
obtusifoliug seeds but others have had germlnotions of
65% and more (38,39).

Date on the influence of tepals on seed
gemilnation was needed in order thet the most
satisfactory way by which to test the viability of the
treated seed samples, could be determined,

(b) Experimental.

One hundred each of tepal=free and tepal-enclosed
seceds from the seme sample were counted on to moist

filter pspers cnd germinated at room temperature,
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The resultg included in Appendix II, cre summarised
in the graphs of Figure 12.

High germination percentages were obtained, For
the tepal=free seeds, 67% germinated between the
fourth and sixth dsy, cnd by the ninth doy the total
was 90%, Fmergence from the tepzl-enclosed seeds
was much slower gnd irregular, By the ninth day only
20% had germinoted; the 50% level was reached on
the fourteenth dGuy, @nd 90% by the twentleth dsy,

The decreased rote of emergence of the tepal—-cnclosed
sceds wus probably due to the poorer light conditicns,
Tor 1light is & necesscry reguirement for germination
of Kumex speciles (37).

The conclusions reached from this prelimincry
experiment therefore, were that freshly-horvested,
ripe, dock seed germinetes readily, ond that gquicker
and more regular germinctions are given by tepal-=Lree
seed, llence the seed saumples collected fram the
various plois were rubbed vigorously in a ealico bag
to remove the seeds ffam the enclosing tepals.

(111)

The first experiment was put down on March 12th,
The seeds were counted on to absorbent pads (100 to
each) placed on 3" wide glass strips held about 43"
ebove a water bath, Pleces of filter paper connected
the pads to the wster, The bath was put on the
laboratory bench next to a window and covered with
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two large sheets of glass, Germination proceeded
unéer fluctuating room temperatures. Each different
spray formulation was represented by L0OO seeds and
each plot by 200 seeds. Results were recorded each
day (see Appendix III).

Although the test indlcated that there was & wide
variation ip viabillty between ssmples, results were
1ot able to be satisfoctorily collected after about
ten tc twelve days, This limitation wos imposed by
the heavy fungous contamination which becume evident
about this time, It is probusble that the invusion
came from the air when the glass covers were removed
at counting. A point noted from the trisl however,
was that the reproducibility of results between the
two pads, each containing a hundred sceds, prepuared
for each sample, was such that the results from cne
pad adequately reflected the sumple response,

Using a modified method & second test, involving
one hundred seeds from each sample, wes started on
May 42th, The pads with the seeds were put on a layer
of absorbent cotton wool in Petrl dishes. Distilled
water wes added, and the covered dishes were put in a
germinating cebinet open to daylight and malntalned at
20°-22°C, The experiment was terminated after three
weeks.

On August 4th a third germination test using the
same method was started, The period for collection of
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data however, was extended from three weeks to
sixteen weeks (112 days). Seedlings were
removed from the pads as they freed themselves from
the protective coats. Results for the first three
weeks were similar to those of the earlier test.

An analysis to compare the data of the second and

third tests showed, that the results, as a whole,

were essentislly the same. Data from the third
test only, therefore, is discussed, In order to
compare the gemmination cepaclity of the different
samples, the results, as ct the twenty-first doy

(1.e. three weeks) were tuken, By this time,

control scmyles had cessed setivity. Appendices IV

and V respectively contuln the dats recorded for

the second c¢nd third experiment,

(iv) Results: The results are presented in two
sections as follows:- (a) for the three week
period;(b) for the sixteen week period.

(a) For the three weekperiod.
| Germinations were recorded on most pads
containing 'herd' seeds by the fourth day. On no
less than thirteen, the first seedlings emerged on
the third day., The 'soft' seed samples were slower
to show growth, The first germination was on the
fourth day on a pad contalning amine 1-treated seed,

Other samples did not show life for periocds up to

fifteen days. Germinations on most pads, except

those with control seeds, continued sporadically
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over the whole four months., No further activity was
shown by controls however, arter about the eighteenth
day.

It wes noted that seeds with z withered or pinched
appearance c nd which were frequently encountered in
treated samples, did not germinate as well as those
which sppesred to be normeal,

Table VII contalins the germinatlon percentages
for the 'hord' seed samples as determined at 21 days,

The percentages given sre each the averege of the

dupliccte plots within any cne trestment,

' | {TTIEL Tiluh TAEKS, BXRBSSED
0 TEAREST THOLE mum—.»m "AID_IN ANGLES.

Treatment Germiﬁation Trizgizrmation
2yly5=T 4 L8 L3.5
244y5-T 2 b Sl
Na~CTA 14 53 46.8
Na—CTA 2 28 3
Amine 1 53 k3.2
Amine 2 L6 5.9
2,4=D nv 14 70 265
2,4=D nv 2 L5 42.1
PoE. 2,4=D 1 58 3.3
P.E. 2,4-D 2 L7 k3.0
Control 92 731
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It is seen that sll trectments hod & depressing
effect on germination, Thus whereas control gave
an average germination of 92%, the highest result
given by & treated sample wes 70%. This figure
ocecurred with 2,4-D nv 1. Most of the others varied
between 40% snd 60%. Na=CTA 2 - trected seed was
reduced to & 28% viebility and so was the most drostically
affected,

The esnslysis of veriance for the date in Table VII
was caleculated and the result is presented in Table VIII,
The computotion was made with transformed dsta (see
Table VII, column 3),
TABLE VIII.
ANALYSIS OF VARIANCE OF ANGLES REPRESHENTING

GERMI]ATION PERCENIAGES OF 'ILRDY SEEDS SPRAYED
TITL HERBICIDE MATERIAL.

Sums of | Degrees of |lMean F
S ource Squares | Freedom Square | Value Result
Treatments| 2243, 5 10 224,44 5026 %
Error 426,9 10 L2,7
Total 27231 21

# * highly significant.

Highly significant differences between the

treatments are indicated,

The distribution of the real variations was

determined by use of the "t" value of 14.6, calculated
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for the 5% level of significance (for formmula, see
page 23 ), over the angles included in Table VII,
The followling are the conclusions to be drawn
from the analysis.
(a) Seeds from all treatments were significantly
depressed in germination as compared to control,
(b) Most of the wvariations between treatments
were significant,
(¢) There was a marked tendency for applicztions
of 2,4-D nv 1 to devress germinstion less than
in the caose of others, but the divergence did
not come up to the 5% significunce level
except between 2,4,5-T 2 and Ne=CTA 2,
(d) Na=-CTA 2-trezted seceds showed o germination
reduction which was significantly lower than

The results for the 'soft' seeds are presented in

Table IX.

IABLE IX.

PERCENTAGES OF 'SOFT' SEEDS TREATED WITH VARIOQUS
TCIDES GERMINATED WITHIN T SBES .

A figures to nearest whole n er.

Treatment é,,mination Treatment Ge%mination

25l 5~T 1 15 Amine 1 2
2,l495=T 2 0 Amine 2 2
Na=CTA 1 18 2,4=D nv 1 1
Fa=~CTA 2 1 2,4~D nv 2 2

Control 36
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All samples including control had a low viability.
The suthor considers that gathering the matericl from
the fleld whenstill far from ripe was largely
responsible for the low figures and the control
germination of 36 § would seem to be in support of
this contention, Nevertheless, the treatments
definitely depressed results still further. In
severcl cuses (Ne-CTA 2, fmine 1, Amine 2 snd 2,4=D nv 2)
germinotion was almost completely inhibited, and with
2,4,5-T 2 it was totally so, Apart from Amine 1 and
Amine 2, the 2 lb., A.u. per acre dosage reduced
germination much more than the 4 1lb, A.X. per acre
dosuge. Thus, whereas with 2,4,5-T 1, Na=-CTA 1 and 2,4~D
nv 1 the percentages were 15, 186 ¢nd 14 respectively,
those of the higher application rate were 0k, 1% and
i Doth amine formulotions were severe, The
percentage was two ln each case, All herbicides, except
Amine 1, goeve similar results at eguivalent
concentrutions,

(b) For the sixteen week period.

Germination data eollected for the 'hard’

seceds over the 112 days is included in Appendix VI and
summarised in Figs. 13, 14 and 15, :

It is seen that over the period of observaticn,
seeds from all the samples continued to germinate but
in relatively decreasing numbers. The scme relative
effects of the herbicides, as obtained at the end of
three weeks, was maintained however, Additionsal



PercenTRGE GERMINATION

Fig,13 = Progress of germinstion in control
and amine 1, cmine 2 und la=CTA 1
contumineted seeds cver 112 days.

PercenTRcE

Fig.14 = Progress of germination in control
and 2,1;.5—’.1‘ 1’ 2’1‘-’5“13 2 snd Na=CTA 2
contaminated seeds over 112 days.



CONTROL

-
-----'-.
-

Fig, - Progress of germination in control
and 2,4=D nv 1, 2,4=D nv 2, P.E.2,4=D 1
end P.E, 2,4~D 2 contaminated seed
over 112 days.
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germinetions were less numerous in the 2,4=D nv 1
lots than in the others, while the greatest changes
occurred with seeds trested with 2,4,5-T 2, Na=CTA 2
and 2,4-D nv 2. Although the germinction total of
most of the samples increased but little from week to
week, in seversl there was at least one large rise
between weekly totals. For exeample, there wass an

increase from L6% to 60% between the fourth und f£ifth

week with the 2,4,5-T 2 lot and the totsl for 2,4=D nv 2

- pemple rose from 52% to 63% between the sixth and
seventh week,

In nearly every cuase %the number of seedlings
emerging after spproximately 75 doys wss negligible,

Results with the 'soi't' seeds were siullur to
those ol the 'hord' in that there were sporadic
emergences up to egbout the 75th doy and theresafter,
there was only a negligible chunge. Germiunation
percentage totals as et 21 doys and 75 days sre
given 1n Table X.



TABLE X.

GERMINATION TOTAL (AS PERCENTAGES) FOR 'SOFT' SEEDS
AFTER 21 AND 75 DAYS ON MOIST PADS,

Treatment 21 dayé 75 days
25l455-T 1 15 23
2545~T 2 0 0
Na~CTA 1 18 L
Na=CTA 2 3
Amine 1 2 7
Amine 2 2 7
2,4=D nv 1 14 19
2,4-D nv 2 2 8
Control 36 36

In only one case was the change in total over the
extended period grester than 8% - a faet which further
emphasises the low viability of the samples.

Control, as was to be expected, did not vary,
nor did 2,4,5-T 2 - treated seeds, which were totally
inhiblited. A considerable increase occurred with the
Na=-CTA 1~trested samples, and although the maximum
attained of L44% wes 8% higher than that of control, it
is very unlikely that the treatment had any stimulating
effect, The atypical result does indlecate however, the
unrelisbility of the values obtained for the 'soft'
seed samples; this probably being due to the early
harvest.
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Part 2.
Injury 8hown by the Seedlings,

Several suthors heve shown that, in addition to
retarded rate of germination snd loss of viability
in seeds coming in contact with 2,4~D preparations,
morphological eberrations sppear in the seedlings (20,
21, 23, 40, 41). Typical responses noted have
included insbility to form lateral roots, swellings of
the hypocotyl, general retardation of growth and

* modifications in the first leaves,

This section describes the kinds of malformation
observed in the seedlings growing on the molst pads
during the germinstion studies, Similar responses
were found in both the 'hard' and 'soft' samples, but
the guantitative dsta presented has been taken entirely
from the former, as the number of seedlings involved
in this group was greater.

(1) Melformstions Shown.

Malformations were found to be of three main
types. These weres-

(a) (see Figs. 16 and 17). A complete and tight

twist in the distel section of hypocotyl or

actually embracing the cotyledons. Although

very apparent in the early stages of growth, this

deviation from the normal seedling form disappeared

soon after the outer coats were lost, The figures
1llustrating this type show several phases of the
eondition,



Fig,16.~ Seedlings with a complete
twist in tLe upper part of
the hypocotyl.

Fig.17 ~ More advenced seedlings in
which there is & return to
a normal appesrance by loss
of the twist condition,
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(b) (see Figure 18). A slight to severe epinasty

in one or more sections of the axis, but there was

no twist as in type (a). In seedlinge exhibiting

only a slight epinaesty it was the root that was

mainly involved, but in the severely affected ones,

the epinasty occurred in the hypocotyl as well.

Figure 18 shows an example of three seedlings in

which groses epinestic curvatures brought sbout a

complete loss of organised growth in the

longitudial direction, with the result that a

tangled mass was produced.

(e¢) Two variesnts of thies type, which was

characterized by the failure of the root to elongate,

were recognized:-

(1) in which the non-developing root was the only
gign of an irregulerity. (See Fig. 19.)
(1i1) in which the base of the hypocotyl swelled into

a bulb-like growth which often developed a red
pigmentation. From the swelling there grew
out many fine adventitious roots, one of which
became the new main root. There was little
elongation of the hypocotyl. (See Figs.20 & 21.)

Growth of the root into the air with the cotyledons

lying on the germination pad wae another irregularity

obeserved in a few seedlings immediately after emergence.

For comparisons, & normal seedling is shown in

Fig. 21A.



Fig, 18 - Seedlings showing severe epinasty in
both the roots snd hypocotyl.

Fig. 19 - A form of seedling injury in which
the root has failed to elongate.



S
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Figs, 20 and 21{.~ Seedlings with inhibited root

elongation and in which the base
of the hypocotyl has swelled into
& bulb-like growth, Note the
retention of the testa - @
characteristic of these seedlings.



Fig, 21A = A normally developed
dock seedling.,
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The date in Table XI shows the distribution of the
vericus kinds of melformation in reletion to the ‘*hormone’
herbicide responsible ror the abnormality. The ﬂcur;u
express the percentoges of seedlings, germinated by the
218t day, coming within each category. Those listed
a8 undetermined were just germinating at the end of
the period and were therefore not able to be classified.
For the detailed experimental dates see Appendix VII,
ZABLE XI.

PERCENTAGE DISTRIBUTION OF SEEDLING ABNCRMALITIES
ACCORDIING TO SEED TREATMENT,

ottt Abnormality |
Normal |Twist| Epinasty (Esmfgii){gggal ggg::er—

2445=T 1 38 18 28 6 B' 14 2
29l495-T 2 37 12 33 10 2 142 6
Na=CTA 1 25 | 30 29 15 0 15 1
Ne=CTA 2 27 {13 2 27 4 3 5
Amine 1 42 25 15 5 12 17 1
Amine 2 36 13 6 i 28 42 3
2,4~D nv 14 by | 19 1M 1 12 23 3
2,4=D nv 2 40 8 16 18 18 36 0
P.E,2,4~D 1 L7 20 19 3 8 11 3
PeEs2,4=D 2| 34 | 14 27 7T 17 24 1
Gontrol 37 |47 | 16 o o o o
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Although normel seedlings predominated with most
treatments, they did not account for 50% of the total
in eny instence, The average occurrence was 37% and
the range 25% to 47%. The control plot too, with
37% of such seedlings, also came within this range,
In the control, & mach larger proportion amounting teo
no less than 7% of the total, showed the twist
phenanenon, but this cannot be regarded as & normally
occurring characteristic, for studies made with other
non-treated seeds failed to reveal any simlar response.
The fact that 16% also showed a slight degree of
epinasty would seem to provide evidence that some
contamination had taken plece, It 1s concluded
therefore thst the controle had been contaminated
somewhat by spray drift from other plots, The
incidence of the twist in other samples fluctuated
widely. Amine 1 and Na=CTA 1 induced the condition
most commonly; there being a 25% snd 30% incidence
respectively., The next most frequent occurrence of
twist wes with the 1 lb, dosage rate of the other
herbicides. The sbnommality wes not coammen in the
2 1b, dosege semples and the range was from 12% (4in
the cese of 2,4~D nv 2) to 258 (Na-~CTA 2). In
general, the incidence of twist was about twiecd as
great in the 1 1lb, treatments es in the 2 1lb, ones,
The percentage of seedlingsshowing epinastie
regponses varied from 6 ¥ with Amine 2 to 33% with
25457 2, There was not a close association between
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incidence and dosage rate, Thus, although 2,4,5~T,
2,4=D non-volatile and P,E, 2,4-D all caused more
epinasty when used at the rate of 2 1lb, A.E, per acre
than at% 1 1lb., A,E, per acre, Amine and Na-CTA had the
opposite effect, The three herbicides 2,4,5~T,
Ne=CTA and P.E., 2,4~D, induced epincsty rather more
freguently than the formulations of Amine and 2,4~D
non-volatile and the 2 lb, dosage rste of each of
these three caused epinasty in at least 25% of
seedlings, while the highest value for either Amine
or 2,4=D non-volatile wes 16%.

The melformation charecterized by the lack of
root elongation was far more prevalent in those
samples treated at the rate of 2 1lb. A.E, per acre
than 1 1b. A.E. per aecre, Incidence under herbicides
applied at the lesser rate varied from 24% to 42%,
except in the case of 2,4,5~T, while the range for
the other category was 11% to 23%. Incidence under
2,455-T 2 was only 12% and so was comparable in effect
with the lesser dosage rate group. _

An examination of the data for the two variants
of this type of malformation showed that inhibition of
root growth without secampanying swellings in the
hypocotyl wae definitely characteristiec in the Na=CTA
treatment.  Na~QTA 1 and Ne~CTA 2 dosages gave 15%
and 27% incidence respectively, while inhibition of
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root elongation accompanied by hypocotyl enlargement
occurred to the extent of only 4% of the secedlings
from Na-CTA 2~treated sceds and was entirely absent
with the Na~CTA 1 ones.

In contrast to Fe-CTA, Amine revealed & marked
capacity to csuse hypocotyl swelling along with the
lack of root growth. The reepective filgures for the
varisnts (1) ond (11) were 5% and 12% in the case of
Amine 4 and 14% and 28% in th..eanna of Amine 2,
That 18, vardent (41) was twice as prevalent as variant
(1). Seedlings from P.,E, 2,4~D-treated seceds exhibited
varient (ii) malformation raether more freguently
than vaerisnt (1), but there wos slmost an even ‘
distribution amcng the twe forms in seedlings fram
the 2,4~D non-volstile-treated samples. With 2,4,5=T,
varient (1) tended to be more camon than variant (ii)

but the difference was not great,
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EARL 3.
er Devel nt the ks Seedl .

Further study was made on the malformed seedlings
in order to determine the way in which subsequent
growth was modified, and to relate this to the nature of
the damage found in the seedling,

Fourteen days after the cammencement of the first
germination test, seedlings, representing the normal
and the several abnormal growth forms, were selected
at random and transferred from the germination pads
to small flower pots filled with Shannon peat. The
selection included samples from all treatments, They
were not planted in the soil but merely propped upright
on the moist surfsce with soil particles, Cere was
taken to ensure that the roots actually made contact
with the soil, The pote were kept on the glasshouse
bench and observations were taken at regular intervals
over the succeeding four months,

(1) Abnormslities Shown.

In addition to the normal course of develcpment
(see Fig. 228), five other types could be readily
distinguished. These were:~-

1. Slow Growth:(Fig. 23a.) As the neme suggests,

plants in this group showed a slower rate of

growth, as estimated by the number of leaves
emerged at any one time, than the normal. Thus
for example, when normally-growing plants had the
fourth leaf fully opened, the slower-growing plants



(a) (b)
A heglthy normally developed plant,
A plent in which & lorge "cup" structure

- (a
(b) 3
has developed in ploce of the ususl first leaf.

L

(a) (b)
Fig.23 - (a) A slowly=growing plant, TNote the short

but wide lesf,
(b) A plent with a less-perfectly formed

"eup" structure.
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still remained in the second leaf stage. The
appearance of the plant was more or less typical
of the species, but the leaf dimensions were
usually smaller, Sometimes also, the leaves were
slightly atypical in shape by virtue of a reduction
in the length / breadth ratio., That is, they
were short and wide.

2. Pregence of "Cups": (Figs. 22b,23b,24b,) There
were numerous examples in which the first leaf
failed to develop normally. Instead, the lateral
marg:lhn were fused to a greater or lesser extent
along their length, so that a "ecup~-like" structure
was formed. The "cup" was ususlly borne on a
long petiole, Later-developing leaves were never
fused, but were always abnormally shaped in that
they were small and elmost round, Dimensions of
the "cups" varled greatly between plantis. In the
more vigorously growing ones, the “"cup" diameter
was 1 cm., to 2,5 em., the depth 1 e.,m. to 1,5 ce.m.
and the petiole length about 2,5 c.m. to 4 c.m.
Figures 22b and 23b show typical representatives.
"Cups" on less vigorous plants were much smsaller,
Typical messurements were, diameter 2 to 4 mm,,
depth 1 to 2 mm, and petiole length about 10 mm,
Fig. 24b 1llustrates the type. A feature of all
emall plents besring a "cup" was the sbnormally
large ochres about the base of the first poti.oh.'
(See Fig. 25.)



(b)

Fige 24 - Cn & much less vigorous plsnt
thsn in ¥ig. 22b, & small "cup”

e
has been developed.

Fig. 25 = A close view of a poorly growing
plent with an imperfectly formed
"cup" to show the abnormelly
large ochrea.
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3. Eumed Cotyledons: Three exam les oceurred in
which the cotyledons were fused along the proximsl
part of thelr lateral murgins, Theresulting
structures were about 3 to 4 mm, long from the
tipe or the coctyledons to the rether swollenm bese.
It was two months before eny leaves sppeared on
these plonts, The Cirst leaf was typicolly amall
end rousd, about 1 to 2 mu, in lenpgth, and 4%
emerged from the bese of the fused cotyledons,
Succeeding leaves cppecred at more freguent intervsls,
e FPorked Leming: (see Pig., 26b). The firat leaf
of one plunt developed o fork in the dlstol end
of the lemina, Succeeding leaves, however, were
noymel, Filg. 27 shows o plant with the lamimn of
8 cotyledon forked in a similar woy.

5. Several seedlings were so completely dsorganised
that they made little growth ond eventuslly died,
Two were & tangled mess due to groes curvetures
of the root and hypoootyl (see Fige. 28). 1In the
others, & smell meps of green tissue grew from the
epical meristem, but it aid not differcnticte
definitely into leef snd petiocle (See Fig, 24a.)
With the exseption of these few plants which hed no
capacity for organised growth, all, regardless of
ebnormality, eventuelly begen % produce lesves which
were typlecsl of the speeies, Also there wes an
ineresse in growth rete se the plant reverted to novmal
development., |



(b)
'1g,26 = A plent with & fork 1in the
distcl end of the first
formed lamina,

Fig,27 = A plant with o fork in the
distal end of a cotyledon.,



Fig,28 - A g._;;'ossly twisted seedling
with no capacity for
orgonised growth. Nearly
all specimens of this kind
died.



An investigotion wse mede of the relationship
between seedling malformetion and the kind of plent
abnormality shown after about four weeks of growth,
The result is shown in Table XII.

IABLE XII
THE RELATIONSHIP BETWEEN SEEDLING MALFORMATION AND
THE SUBSEQUENT PLANT ABNORMALITY,
Flgures represent plant numbers.
Seedling Plant ihnm;?ality
Malformation | Normal| Slow | "Cups"| Fused Disorga
Growth Cotyledonsg| Growth
Normal i2 2 2 - -
Epinasty - 6 3 2 1
Short Root
(41)= - - 12 - -
Root

* Inhibited root growth accompanied by swelling of the
hypoeotyl,

The outstanding feeture shown in the esbove Table is
that all seedlings whieh had inhibited root growth,
accompanied by enlargement of the basal part of the
hypocotyl, developed into plants bearing a "cup® in
place of the normal first leaf, "Cups" were formed
from other seedling types as well, including two from

apparently normel seedlings. Normal seedlings, however,
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grew meinly into healthy plants typieal of the species.

The few seedlings found with the root growing up
into the air were all transferred to pots for further
observation. 1In ell ceses but one there was no
further development and death followed, The one
exception grew into & "cup"-bearing plant.

A range of plant sbnormelities occurred with
seedlings showing the 'twist' and epinastiec
malformations. Plants from the *'twist' seedlings were
mostly either normasl or slow growers, Those from the
'epinesstic' seedlings were not normal but developed
according to any one of the classified abnormalities.
Healf of them grew slowly snd three of the twelve
produced "cups".

It was from 'twist' and epinastic seedlings that

the ocecasional fused=cotyledon condition arose,
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CHAPTER 1Y

ESTIMATION OF READILY=-AVAILAELE CARBOHYDRATE
CONTENT,

An analysis was made of the level of readily=-
avallable carbohydrate constituents for one time of
the year, in roots, of Rumex obtusifolius plants at
various stages of development. By this procedure,
en estimation was obtained of the probable neture
and extent of root reserves in the plants which were
sprayed with 'hormone' herbicide at about the same
period,

(1) Stages Development Stud

Roots from plants representing five different
stages of development were collected for analysis.
The stages included, with & description of e ach, were
as followss=

(1) "Young' - small plants with leaves not

exceeding a length of 4" and the greatest dliameter

of the roots was not more than %", These small
plants were eguivalent to the 'young' ones
distinguished in the plots used for the spraying

triels (see page 11).

(2) 'Mature'~ vigorous plants with large leaves

elways exceeding a length of 4" and frequently

reaching a length of 12", There was no stem
growth sbove the ground level., This class of
plants waes equivalent to the one désignated
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similerly for the purposes of the spreying
trials (see page 11).
(3) '"Intermediete' = also represented by plants
with sbundant and well developed follage, but
differing from the mature in the possession of a
stem on which none of the flower buds were opened.
(4) "Flowe ' - included those plents in which
the florets midway along the raceme were in full
bloom, Usually distal florets were unopened,
while the proximal ones had passed anthesis.,
(5) 'Seeding' - plants of this group were finished
flowering and fruits were ripening, Fresh
foliage growth was developing at the base of the
dying stem,

(1i) Collection of Material:

An area of ground messuring 4 yd.x 4 yd., and
on which docks of all stages of development were
abundant, was chosen for the source of material, The
area used was kept amsll so as to eliminate, as far
a8 was possible, varietions in soil fertility which
might introduce serious error into the results and so
make comparisons invalid.

All selected plants were dug down to a depth of
12%, freed of adhering soil, and the stem and leaves
were cut off, The parts remaining, consisting of
the root and & short piece of stem; were wrapped in
newspaper and placed on a damp cloth im a bucket which

was kept covered with a wet towel, This proecedyre,
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necessary to prevent loss of moisture from the roots,
was essentially the same as that observed by Bakke et
al (25) in their study of the root reserves of
Convo a8 . In the laborstory, the roots
were cerefully washed free of all adhering matter,
dried of excess mdsture, and welghed, The material
wes then subjected to live steam in an asutoclave for
ten minutes after which it was dessiceted at 110°C
for 2% days. The oven-dry roots were weighed again
for the purpose of calculating dry-welght data and
then stored for future analysis.

Ten roots from each of the five stages of
development under investigation were taken for the
chemical anslysis. Every root was determined
separately for starch, non-reducling suger and reducing

sugar content,

(111) Methods of Chemicel Analysis (adapted from Loomis
& Schull (41))

Each root was cut into smell pleces, weighed
and plunged into ebout 100 ml, of boiling 80% alcohol
and refluxed for one hour, after which the mixture
was filtered and washed., The filtrate, containing both
the reducing and non-reducing sugers, was eveporated
to dryness, taken up with distilled water, cleared
with a seturated basic lead ascetate solution, deleaded
with a satureted sodium oxalete solution, and made up
to either 250 ml. or 500 ml, This was Solution A,
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The residue from the filtered mixture, containing
the starch, was dried at 105°C for 24 hours, and 41 gm.
of this weighed, crushed, dry material was treated
with 200 ml, of 10% eleochol for 3 hours to remove the
dextrins. The extracted residue wase dried to remove
alecohol, transferred to a beaker contgining 100 ml, of
distilled water, and heated on a boliling water bath
for 30 minutes to gelatinise the starch. On cooling
to 30=38°C, the material, with a pinch of diastase
added, was left overnight in an oven regulated to 35°C,
It wes then filtered into a 250 ml. flask, cleared
and deleaded, as was Solution A, and made up to volume.
Two hundred of the 250 ml,of solution were then
hydrolysed in the cold with 10 ml, of concentrated
hydrochloric acid for three hours., neutralized with
sodlum hydroxide, end made up to 250 ml., with dlstilled
water, This was Solution B, By this method the
sterch was converted to reducing sugar and determined
as such,

In preparing Solution C for the determination of
total sugars, a 20 ml. aliquot of Solution A was
hydrolysed for sixteen minutes on a boiling water
bath with 41,5 ml, of 2 normal sulphuric acid, The
cooled solution was neutralized with sodium hydroxide
and made up to 100 ml, with distilled water,
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(iv) The Estimation of Starch and Sugsrs.
The glucose content of Solution A,B and C was

determined by the iodometric method described by
Somogyl (42) (see Appendix VIII for details), This
involved titrating excess iodine, qguantitatively
released from an alkaline copper sulphate = lodaete and
glucose solution, against a ,005 normal sodium
thiosulphate solution,

(v) Results:

The percentage content, on a fresh weight basis,
of reducing sugar, non-reducing sugasr, starch, and
total readily avalleble carbohydrate, all expressed
in glucose eguivalents, for the fifty roots analysed
is given in Appendix IX, It should be noted that
total readily-avallable carbohydrate, as estimated in
this experiment, does not include a dextrin fraction
end therefore is a different guantity from that
sometimes expressed by this term. A summary of the
results is made in TableXIII,



ZABLE XIII.

LEVELS (F SEVERAL CARBOHYDRATE MATERIALS IN DOCK
ROOTS TAKEN FROM FLANTS AT DIFFERENT STAGES

~.OF DEVELOPMENT,

Figures express average percentages calculated on
a fresh weight basis.

Stages of Average Percentages
i - ] [ P
Young 0.310 0.675 L. 27 5.26
Mature 0.346 0.470 1.55 2,36
Intermed-

iate 0.533 0.428 120 2.16
Flowering Oel413 0.367 0.92 170
Seeding 0.365 0.235 1416 1.76

The resultsshow that there were considerable
variations in the sugar and starch content between the
several stages of development., Reducing sugar was
highest in the 'dintermediate', followed by 'flowering’,
'seeding', 'mature' and '"young' in that order. The
last three gave similar values (0.31% to 0.365%), all
of which were somewhat bigger than 50% of the highest
result obtained.

Non-reducing sugar was present in greatest amount
in the 'young' roots and progressively deereased as the
stage of development advanced to ripening of the seeds.
The range of 0,235% to 0.,675% indicated that the
content in the older roots averaged only about one
third of that of the young roots, Campared with

reducing sugar the content of non-reducing suger was
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greater in the first two groups but smeller in the
remaining three,

Starch occurred in much higher amounts than did
elther of the sugars. The percentage found in the
stages from 'mature’ to "seeding' fluctuated between
0.92% for the 'flowering' samples to 1.55% for the
'mature' ones. ‘'Young' roots averaged the very much
higher content of L4,27%.

Fron these figures the total readily-available
carbohydrate was calculated, It is seen that the
highest content was in the roots of the ‘young' plants.
The percentage content »ecorded of 5,26 was at leasst
double that of rocts coming from 'mature' and
'"Yntermediste' plants and sbout three times greater
then that found in roots taken from 'flowering' and
'seeding' plants.

The percentage ratios of starch / total
carbohydrate, non-reducing sugar / total carbohydrate
and reducing sugar / total carbohydrate were
calculated and are presented in Table XIV.



ZABLE XIV.

THE PERCENTAGE RATIOS EACH COF STARCH, NON-REDUCING
SUGAR AND REDUCING SUGAR 10 TOTAL CARBOHYDRATE
IN DOCK ROOTS AT FIVE DIFFERENT STAGES

OF DEVELOPMENT,
Figures calculated on a Fresh Welght basis.

Stage of % Ratios to total cerbohydrate
Development gagg%ing Non-é_%“?g%cing Stareh
"Young" 5.9 12.9 81.2
"Mature' 4.5 19.9 65.6
'Intermed-

iate' |24.6 19.8 55.6
‘Flowering' | 24.3 21.6 5.1
"Seeding’ 20.7 13.4 6549 )

It is seen that stareh was by far the most
important component of total carbohydrate. In all
groups of roots analysed, it accounted for more than
50% of the total, while in roots fram "young' plants
the percentage ratio resched 81%. The sugars, with
retios of sbout 20%, would appesr therefore to be of
much lesser Amportaneeé than starch in possibly inducing
e fluetuation of the total carbohydrate guantity. The
diegrem in Fig, 29 shows this relationship more
clearly.

To determine the significance of the results for
total carbohydrate; ap analysis of variance was
caleulated. A preliminary examination of the data
for homogeneldty of veriance in all groups however,
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Fig.29 - Diggram to show the relative
importence of sterch, non-reducing
sugar end reducing suger in dock
roots of plants at five different
stages of development.
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revealed that the variance within the results for the
'young' roots was not homogeneous. An angle
transfomation did not eliminate the irregularity.
Hence the analysis was confined to the groups other
than "young'. The result is given in Table XV.

TABLE XV.
ANALYSIS OF VARIANCE FOR TOTAL CARBOHYDRATE IN DOCK
ROOTS AT FOUR STAGES OF DEVELOPMENT,
Sums of |Degrees orﬁiean F
Source Squares |Freedom |Square |Value Reguls
Stage of 3.05 3 1.02 |[3.30 ¥
Development
Residue 11.14 36 +309
“significant ;

By means of a "t" test it was found that the total
carbohydrate content of the 'mature' roots was
significantly different from that of both the 'flowering'
and 'seeding' roots at the 5% level. That is, 2,36%
was significantly greater than either 1.70% or 1.76%.
From this result, it would seem that the level of
total carbohydrate in the ‘young' roots wes also very
different from that in the other groups.

(vi)

An investigetion was made into the heterogeneity
of veriance in the 'young' roots. The total
carbohydrate determined for each 'young' root analysed
is presented in Table XVI., The fresh weight for each
is also shown. |



ZABLE XVI.

FRESH WEIGHT IN GMS, AND TOTAL CARBOHYDRATE CONTENT
(AS A PERCENTAGE) FOR EACH 'YOUNG'
ROOT,

Data in ascending opder of root weight,

Root Weight ﬁagmdrato. 1
1.19 be32
1.45 936
~1.h.6 8.25
1,87 3.73
1.89 399
1.92 311
2,28 2.46
2,34 5.14
2.40 L.53
2,42 h.61

An inspection of the data suggested that a
linear relationship might exist between fresh weight
of the roots and the amount of total earbohydrate.

The result of a test for lineer regression of
total carbohydrate content on fresh root weight is
given in Table XVII.



ZABLE XVII.

ﬁﬁan

ANALYSIS FOR LINEAR REGRESSION OF TOTAL CARBOHYDRATE
CONTENT ON FRESH WEIGHT IN 'YOums' DOCK ROOTS.

Sums of |Degrees of |Mean P
& . Squares |Freedom Square; Value Result
Due to
Remﬂﬂ" 190 89 1 19089 6098 *®
ion
Error 22c 79 8 2.85
Totel 42,68
%
signifiecant

From the significant result, a_linear dependence

between the two variables concerned, was therefore

estsblished.
Thus, as the root weight increased, its total readily-

The regression coefficlent wes negative,

available carbohydrate content decreased.

In Fig. 30 hes been plotted the data contained in
Teble XVI.

The regression line wasfitted to it by

use of the formule: y = ¥y ¢ b(x=X)

Where y = total cerbohydrate in mgms/gu.
root weight

X = welght of root

end b = regression coeificient (-3,278).
It is seen that the regression line does not fit
the data very closely, but this could not be expected,
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Fig. 30 = The line of best it to the data,
for the linesr regression of total
carbohydrate on root weight in
'voung' dock roots.



as the number of roots samples was smell and also

1t must be remembered, thet living material does not
conform closely to any pattern but only tends to do
80, The resulf$y however, adeguotely accounts for
the irregularity found in the data,



DISCUSSION. T

In evaluation of the relative toxicities of
herbicides on perennial weeds,‘ it is essential to
have an accurate method by which to determine the
number of plants killed by the treatments, The
method used for the evaluations described in the
present study involved marking the relative positions
of all doek plants growing in the experimental strips
on sultably prepared charts, The method proved to
be satisfactory. Identifications of all treated
plants, whether recovered or in an advanced state of
decay, were easily made throughout the experimental
period of 30 weeks, In addition, new plants which
appeared during this time were able to be distinguished
readily from those which had been sprayed., That
time was an importznt considerstion in this
evaluation was emphasised by the fact, that the docks
were slow in completing their response to the herbicide
treatments. Of the plants which were in a state of
defoliation at 10 weeks after spraying, meny still
retained the capacity to regenerate, as was shown by
the large number which recovered at some time between
the tenth and thirtieth weeks., Therefore, if the
final assessment had been determined on defoliated
plants at say, the tenth week, the results would have
been erroneous. It was not possible, due to the
intervention of a winter period between thetenth and
thirtieth weeks, to make any conclusions as to the



approximate time that would be taken by docks to give
a completed responseé to herbicides in an enviromment
allowing continual growth, The indications, however,
are that up to at least three months would be
necessary. The actusl length of time involved
probably varies with the stage of development of the
plants at the time of treeatment. The results of this
experiment have not provided any asccurate information
pertaining to this suggestion, but it was found that
the percentage of young plants recovering between the
fifth and tenth weeks was considerably in .excess of
that cbserved for mature plants. That the recovery
rates also varied with the treatments was no doubt a
reflection of the intensity of injury sustained. The
point is supported by the faet that the treatments
which proved to be most toxic, were those with which
the rate of recovery of both 'maeture' snd 'young'
pPlants was low between the fifth and tenth weeks.
Using the criterion of number of plants killed,
the results of the evaluation showed, that the relative
toxicity of the several hormone herbicides investigated
varied according to the concentration of the herbicide,
the stage of development of the plants, and the nature
of the herbicide material., The higher level of
control achieved with herbicides used at & rate of 2 1lb,.
A.E, per acre as compered with 1 1lb, A.E. per acre
was probably due to the greater yptake of aective
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materisl into the cells, A greater disruption of
cellular processes would result from the increased
uptake, and hence there would be & net gain in
percentage mortality.

The importance of stage of development was
indicated by the highly significant increasse in number
of 'young' plants killed as compared to the mortality
which occurred in the other more advanced stages of
development, This difference would appear to gain
an even greater significesnce from the fact, that ths
limits of the criteria by which the plants to be
treated were classified into stages of development
were set falirly wilde, thus sllowlng considerable
varietion to exist within each class., In addition,
there were not infrequent esamples of plants which
tended to overlap between the classes, end in such
cases @ largely subjectlve decislion had to be made.

Very little is known ss to the reasons for
varying susceptibility with stage of development, but
greater metabolic activity and a different course of
metabolism in the plant cells may be involved., In
those plents which were flowering or seeding at the
time of spraying, the almost complete resistance
could well be due to the small amount of herbicide
that could be sbsorbed by the comperatively small
leaf area which is possessed by plaents at this stage,



From the present meagre knowledge of the mode of
action of growth regulators at high concentrations in
plent cells, it 1s not possible %o interpret the
variations in effectiveness found between the various
'"hormone' herbicides. As an exception, however, it
is poseible that in the case of Na~CTA, the low
phytotoxicity was the result of an insufficlent uptake
of sctive materiel into the plant tissues. This sodium
salt fomulation, characterised by the possession of
polar properties, might have been less readily absorbed
through the cuticular layer covering the leaves,
hvidence for this suggestion came from the freguent
obhservation that the folilage of most plante treated
with HNa=CTA was not often destroyed but usuelly
remsined intect, and recovered fm the initial
carvatures induced in the veln tissues.

Little follage damage and a low phytotoxic cepacity
was also shwon by 2,4,5~T, but as this material was in
the byl ester form, and therefore non-polar in
charecter, it is suggested that poor penetration was
not a prime factor limiting efficient action of this
herbicide. As there 1is little evidence to suggest
that 2,4,5~7 compounds lack toxieity st the cell level,
it may be that this material was not translocated at
a rate sufficient to allow accumulation of toxie
amounts in the plant tissues.
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From the point of view of successful eradication
of Rumex obtusifoliug, the evaluation of herbicides,
as determired under the preveiling envirommental
conditions of this experiment, showed that no material
was really effective, Amine 2, which was the best
of those tested, did not kill more than ebout 50% of
the plants at either the 'young' or 'mature' stage at
the first application. There is the possibility,
however, slthough it was not pursued in this study,
that a second spray application on the recovered
growth would have increased the percentage kill to a
level somewhat nearer to complete control.

One would suspect that root and stem tlssues
recovering from the first application would be in a
weakened, and therefore more susceptible, condition
due to the food reserves being depleted by basic metsbolie
processes and the apparent capacity of 'hormone'
herbicides to stimulate the utilisation of earbohydrate
materials., Also, if smell amounts of herbicide
persisted in the tissues for scme time after the initisl
recovery, this weakness might be intensified, There
is the limitation, however, that the success of any
second epplication would depend on the amount of leaf
area exposed at the treatment, for the leaf area, which
hag been ghown to be relatively small in plants in the
early stages of recovery, determines the quantity of
toxic material which can be intercepted and absorbed,
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Further investigation is reqguired to determine
whether there are changes in the degree of
susceptibility in plants during recovery from the
first treatment. Only then could the value of a
second spraying be ascertained,

The writer believes that the generally high degree
of resistance of Rumex obtusifolius to 'hormone'
herbicides, (apert fram Na=CTA and 2,4,5-T), is in part
due to poor translocation and distribution of the toxic
agent through the subterranean stem regions., ' From
the work of Roberts and Hughes (43), it has been shown
that docks are able to grow shoot buds only fran stem
or hypocotyl tissue. The root has no espaclity for
shoot bud fomation. Therefore it follows, that in
order to eradicste & dock plant, all stem and hypocotyl
tissues must be incapable of producing new growths,
From this fact, it coen be coneluded that the high rate
of recovery with 'hormone' herbicides is due to 2n
incomplete destruction of stem and hypocotyl tissues,

From the results of the studies on the extent of
the demage occurring in the subterranean parts of the
injured plants; it wee clear, that although the distel
portion of the stem in meny cases wes totally destroyed,
the proximel portion remained intset., That some
necrosis did occur would seem to indicate that
resistance was not necessarily due to en imherent physioc-
logical condition of the cells, which made them lmmune
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to the action of 'hommone'! msterials, In other words,
factors operated to prevent sn adequate accumulation
of these motericls in the cells of those stem tissues
which were not killed. The freguent occurrence of
proliferation tissue in that part of the stem proximal
to the necrosed areas would seem to indicate that

some hormone accumulated there, If the theory of
Thimenn (444), that auxins stimulate growth by
protection of growith enzymes agaeinst naturally=-
oceurring inhibitors, can be extended to mean that
growth can be retarded or prevented by over-protection
of these enzymes, then the occurrence of such
proliferations could be aseribed to stimulsastion by
relatively smell guantities of hormone substance,

This could occur if there wos a restriction in the
distribution of the hormone herbicide msterisl within
the stem tissues, This analysis is speculative, but
the suggestion is offered that future work relating to
the problem of resistance in docks, could well ﬁnludo
comprehensive studics on the translocation and
distribution of synthetiec growth regulators within

the stem,

Investigation into the germination capaecity of
seeds attached to plants at the time of spraying showsd,
that there wes a significent reduction in the viability
of all samples, regardless of the herbicide applied.
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The loss was much greater in unripened than almost
ripe seeds., In view of the fact that those plants
which were in the reproductive phase were almost
completely resistant to any toxic action of 'hormone'
herbicides; the immediaste guestion posed concerns the
means by which the seed embryos became infected, There
sre two possibilities, The first is, that hormone
materiasl entering the plant was trensloceted directly
into the geeds along with other solutes, This could
have occurred especially in those plants bearing very
imnature seeds, for in such, there would be an active
movement of food supplies to the reproductive parts,
thus enhanecing the chances of & fairly ready
trenslocation of herbicide in the same direction, The
high percentasge of sborted seeds collected from these
plants would seem to support the argument, This
theory 1is not very attractive however for those plants
bearing ripening seeds, due to the fact that it is
difficult to perceive how the material would gain entry
into the plant tissues in guantities at all significant
and then be effectively translocated.

The second possibility is that herbicide material
contaminated the pericayp and during gemmination,
moved into the embryonic tissue with the imbibed water,
The close investment of the seed with perianth members,
however, would be expected to provide proteection
against such direct contamination, But external
contemination could be the result of vepours of the
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This change in relative toxicity is probably due to
different envirommentael conditions operating to change
both the amount of material absorbed, snd the reaction
of the material in the two respective types of tissue.

Many seedlings, germinating from sprayed seed
samples, were malformed, but no specificity was found
between the type of malformation and the 'hormone'
causing it. There were definite indications however,
that certain injuries were more prevalent with some
treatments. To the writer's knowledge, there have been
no reports in the literature bearing on this aspect of
the types of malformation induced by different but
closely~related growth regulators, Untll more is
known of the nature of growth processes and the ways
in which growth regulators can modify and change these,
it will not be possible to explain any of these
variations in response.

Except for one case, there was no evidence that a
particular form of seedling malformation was followed
by & specific abnormality with the further growth of
the plant, The one exception occurred with those
seedlings in which there was an inhibition of root
elongation and the development of swellings in the
hypocotyl, Every one developed a "cup" in place of
the normel first leaf, This would seem to indicate
that not only the root meristem, but also the shoot
meristem, was in some way disorganised.
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In almost all plants, regardless of the type of
abnormality shown, there was eventually a complete
recovery. ZThat is, in same way the hormone stimulus
was exhausted with additionel growth and development.
Until & more intimate knowledge is possessed of the
way in which growth regulators upset the normal
physiological balance of cells and tissues however,
it will not be possible to understand this reaction,
Baut there is the thought, that research directed
specifically towards the d ifferences in formative
effects produced by closely=related growth-regulating
substances, would give interesting results.

The chemical snalyses for the readily-available
carbohydrates in roots showed that there were
significant vaeriations in level at different stages
of development of the plant, Therefore, if, eas
Rhodes suggests (34), the hormone herbicides are
effective through their capaclity to deplete root
reserve materials, then those plants with the higher
reserves should have a potentially greater resistance.
But the results of the analysis showed that 'young'
plants had significantly higher levels then 'mature’
plants, despite the fect that 4t has been clearly shown
that resistence to 'hommone' herbicides is greater
in the 'mature' plants, Furtheymore, in the 'young'
roots, it was found that the level of total readily-
available carbohydrate, relative to other constituents,



-8 =

decreased as root weight increased. It would seem
therefore, that some other factor, or factors, was
dmportant in modifying the reaction at the different
growth stages. As mentioned previously, a study of
the pattern of conduction and distribution of materials
in roots of various ages and stages of development,
might yield veluable information.

With so little known, it is not easy to predict
the influence of the low total readily-availeble
carbohydrate level of dock roots, as found at the
flowering and seeding stage of development, on the
susceptibility to 'hormone' sprays of the succeeding
vegetative phase of the plant.

It is experiment alone that will provide the

answer.
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SUMMARYX,

1. A study has been made to compere some of the
responses shown by plants of Rumex obtugifolius at
several stages of development, to sprays of the
following 'hormone' herbicidesj- ethyl ester of
2,4~D, butoxyethanol ester of 2,4~D, sodium 4=-chloro-
orthotoloxyacetate, butyl ester of 2,4,5~T,
alkalolamine salt of 2,4~D and ethyl cster of 2,4~D,
besed in polyethylene glycol. Each materlal was
applied at the rate of both 1 1b, and 2 1lb. acid
equivelent per acre.

2. In the essessment of the herbicides for their
capacity to kill docks under the environmental
conditions of the experiment, none of the materials
were found to be very effective. The alkalolamine
salt of 2,4~D wes significently more toxic than the
others on vegetatively mature plsnts and it gave the
best eradication of young plants, The ethyl ester of
2,4~D was the second most successful herbicide on both
these stages while both 2,4,5~T and Na~CTA gave poor
control.

3. The toxicity of most of the sprays was about
twice as great on young as on more mature plants,
Plants which were in flower or seed however, were
elmost completely resistant, With non-=lethal doses
of 'hormone',; it was found that the time elapsing
before the appearsnce of regeneration growth was much
less with plents receiving a 4 1lb, than a 2 1lb,



treatment, In addition, the time varled with stage
of development of the plants at spraying.

L. From an examinetion of the stem base region
of meany herbiclde-~defolisted plants, four distinct
and commonly occurring manifestations of injury were
recorded.

5. A1l the herbicides had a marked depressing
effect on the germination of seeds attached to parent—
plant at the time of spraying irrespective of whether
they were green or nearly ripe. Loss in viability
however, was far grester in green seeds, The
relative effect of each herbicide materisl was also
noted.

6. A description was made of the various
malformations occurring in seedlings germinated from
sprayed seed and of the ebnormalities which eppeared
with their further growth. Some correlation between
malformation and herbicide was found,

7« An analysis of dock roots showed that the
level of total readily-available carbohydrate
decreased with the progressive development of the
plants up to the seeding stage.
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APPENDIX I,

DETAILED PLOT RESULTS SIOWING NUMBER OF DOCK PLANTS
TREATED AND NUMBER DEFOLIATED AND/OR KILLED WITH THE
VARIOUS HERBICIDE SPRAYS.

Stages of development, Y = 'Young'; M= "Mature'
S = 'Seed
Stage No. No,defoliated at No.
Block | Treatment
%eo?;%lop- Flants 5 wks, 10 'kl.ll(:illod
I 25445-T 1 Y 2L 5 L L
M 24 7 3 1
37 2 0 0
Y 29 L 2 2
II 25455-T 1 M 33 1 1 1
S L3 0 0 i
Y 29 L 2 2
I 2,4,5-T 2| M 27 0 4] 0
] 52 1 1 1
Y 6l 9 L 3
p ® § 2y4495=T 2 M 34 1 1 1
S 43 0 0 0
b 4 39 5 2 1
I Na=CTA 1 M 33 2 1 1
S LO 0 0 0
X 3k 3 2 2
II | Na=CTA 1 M 25 5 5 L
S 28 0 0 0
Y 21 13 9 8
I Na=CTA 2 M 30 5 5 3
8 42 1 0 0
Y L5 L 4 3
II | Na=CTA 2 M Lo L L 3
S 39 0 0 0
Y 16 13 7 5
I Amine 1 M 19 13 6 3
s 37 2 1 0
mﬂgﬁu _ R R RS e e T ,.,._F:mm
II | Amine 1 Y 30 27 16
] 40 26 25 3
8 30 0 0 0
I |Amine 2 Y Ly 30 25 19
M b 26 23 17
8 37 2 2 1




APPENDIX I (Contd.)

stage : : ‘ o ¥
Block| Treatment bf I(;g. Hoedesoliatod ak knlfgé
lz}rliloy— Plaents |5 wks. 10 wks4(30 wks.)
II | Amine 2 B 4 32 25 22 20
M L6 40 38 26
32 L 4 1
X 23 LS T 5
I |2,4-D v 1 M 26 11 7 L
S 68 3 2 1
Y 42 21 17 14
II |2,4-D v 1 M 39 14 13 T
S 37 L 3 1
0 § 28 22 19 12
I |2,4=D v 2 M 19 14 14 L
S 27 2 1 0
¥ 2l 18 17 12
II |2,4=D v 2 M 27 23 23 15
S 28 I | 1 0
Y 25 i 17 16 7
I | 2,4=D nv1 M 335 17 15 6
S 26 0 0 0
Y 27 12 410 o
I1I {2,4=D nv1 M 30 19 13 2
S L2 2 ;| (8]
Y 17 12 10 3
I 2,4=D nv 2 M 15 8 8 2
S 55 0 0 0
Y 36 23 17 12
II |24=D 1w 2 M 27 15 14 L
s Lo 0 0 0
M 17 10 10 5
S M 6 L 2
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Stege

No. No.,defolisted at No
lock| Treatment |of

3 Develop- of killed
mant Plsnte |5 wks.| 10 wks. |(30wks.

II | PiBe2,L4~D1 Y 18 11 9 5

M 23 7 6 2

8 u2 (0] 0 0

Y L6 28 20 10

I PeBe2,4-D2 M 36 18 15 2

S 71 4 2 0

Y 23 12 11 8

3 L2 0 0 0

Y LO 0 0 0

I Control M 29 0 0 0

S 52 0 0 0

Y 57 0 0 0

IT |Control M 32 0 0 0

S 25 0 0 0




APPENDIX II.

GERMINATION OF TEPAL-FREE end TEPAL-ENCLOSED SEEDS.
BACH SAMPLE COITAINED 100 SEEDS.

Daye Egéal-free Proggessive Days gg;igggé- E:gg;eas—
Germinating |Germination Germineting| Germinatbn
3 0 0 3 Q 0
L 21 21 L 0 0
5 29 50 5 0 0
6 17 67 6 2 2
7 15 82 7 3 5
8 3 85 8 8 13
9 5 90 9 7 20
10 1 91 10 3 23
11 1 92 11 1 2L
12 1 93 12 8 32
13 1 9 13 26 58
14 0 94 14 2 60
16 0 o4 16 14 74
17 0 oL 17 3 77
18 0 94 18 5 82
19 1 95 19 7 89
20 1 96 20 1 90
21 1 97 21 0 90
22 0 57 22 2 92
23 . 1 98 3 95




APPENDIX III.

PROGRESSIVE GERMINATION PiRCENTAGES FOR SPRAY-
CCNTAKINATED 'HARD' S8EED. TEST SET
DOWN _ON MARCH 42th, 1952,

Treatment |Repdi- lliard .ar.|Mer] iiar.|Mar.|Mar.dar.| K ar.| kiar,
.11? 18 |19 |20 |21 |22 |23 |24

cation |16
1a - 1] 7/ 15| 21| 25| 28|31 |34
Ib 1 3112] 171 221271 34| 35 | 36
2,4,5=T 1| Ila L | 13| 31| Lo | 52|59 ]| 65|65 |66
IIb 2 | 13140l L8| 52|55 ]| 5859 |61
Ia - 4110| 16| 24 | 31| 32 | 32 | 32
Ib - 31 5| 9)148| 23| 26|27 |27
2,4,5=T 2| Ila 5 81441 171171 26| 33| 34 | 36
ITb 5 | 15| 20| 22| 23| 27| 34| 38 | 38
Ia - 5110] 121 15| 22| 23|25 |25
Ib 3 ol14) 1411518 22| 24 |30
Na=CTA 4 I1a 1 131171 35 | 43| 48| 50 | 54 |55
IIb 1 71941 331 L4348 51|55 |55
Ia - 51 71 42113144115 }147 |47
Ib 1 51 6] 6| 8] 911113 |13
Na-CTA 2 ITa 3 143135t 411 45§50 |50 152 |52
IIb 5 |11 41| L6 | 56 61| 64|67 |69

Ia 20 39| 54] 621 6567|169 ] 70 |72
Ib (15 | 28 | 50| 54 | 57 | 61| 62 | 62 |62
Amine 1 Ila 6 | 14 [19| 23| 25| 28| 28| 29 | 30
IIb 9 | 15| 18] 22| 22| 24| 26 | 2¢ | 29

Ia 2 6|15| 20| 24 | 26| 28 | 28 | 29

Ib - L 10| 18| 21| 261 29| 33 | 38

Amine 2 1Ia 1 8|14 26| 28| 30| 36 | 38 |40
IIb - | 12119 27| 32| 34| 38| 39 |40

Ia L | 28 | 47| 55| 57| 59| 62| 62 |63

Ib 5 | 35 | 43| 45| 54| 68| 68|70 |73

P,4=D nvi| Ila 6 | 24| 30| 51| 54 | 58| 62| 64 | 66
ITb L | 24 | 36| 49|54 | 62| 68|70 |70
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Trestment Repli-|Ner. an| Man| Mer] van|kan Manl KaniMen
ration| 16 17118 119 120 |21 |22 |23 |24
Ia - 9|43 |24 27 |32 {32 | 32 | 37
Ib 2 811112830 |33 |35 |44 |uk
?.h—D nv 2 | Ila - 5 8 110 116 |17 (26 | 34 | 36
IIb - 3 7115120 |20 |26 | 32 |4O
¥ 1 13129 {42 | 47 |50 |50 |53 |53
I 2 9118 | 28 | 37 |41 L4 46 |49
FPe Be 2,4=D 2| II 3 71171 39|50 |50 |50 | 50 |51
Ta 5 23151 | 73| 81 |83 |86 |86 |86
b 5 18 |27 |58 | 68 |75 |79 | 79 | 80
Control I1a 3 144 |47 |67]77 |87 |90 |92 |92
IIb L 18 |69 | 81 | 88 |88 |88 | 88 | 88




APPENDIX IV,

PROGRESSIVE GERMINATION PERCENTAGES FOR SFPRAY=-
CONTAMINATED SKED,
MAY 12th, 1952.

TEST ST DOWN ON

Ao 'HARD' SEED.
No« of days from start of test.
Treatment |Block

3 lu4) 5] 61 71 8] 9110 12]15}18|24

I |= |1] 6113 (22|26 27| 29| 31|33]35 »

25U,5=-T 1 | ITI |= | 7124 |29 |38 40 |40 | 41 | L5|L8]49] 51
I |- |3|10|20 |24 |25 |25]| 25| 25125|30| %0

2,4,5-T 2 | IT |- | 7148 |22 |26 |30 |30 31| 35(35|3d 37
o I |= | 311216 |20 |22 |22 | 23| 2528|224 28
Ne=CTA 1 II 1 23 |47 |55 | 60 |63 |67 | 68|69|700 O
I = {2 4| 7 (42|13 |14 |45 ]|16(18]49 19 ‘

Na=CTA 2 IT = [ 1|14 |27 |32 | 36 [LO | 4O | 43 |Lb |4y 45
1 |- J12 |31 {uo |uo |u2 |u2 fu2 {uslusfeduy

Amine 1 IT |1 5142 |18 |19 | 20 |21 | 22 | 26 |26 |26} 26
I |= |31 3| 714314 |15 115171811846

Amine 2 IT |2 |16 |32 |45 |54 | 54 |54 | 54 | 57|59 61| 61
I - |23 |50 |64 |65 | 68 |68 | 68 | 68|68|68 T

2,4-Dnv 1| IT |1 M2 |32 |46 |56 |56 {57 |57 |57]59|60| 60
I - 31143125 |38 |42 |44 |47 | 49 |51 |55] 56

2y4=Dnv 2| II |- |5 |14 |18 |25 |29 |30 | 30 | 33(36|37| 4O
I = |5125 |40 |44 |50 |51 |53 |57 |58|60|60

PoEBe2oly=T 4 IT |= | 41 |20 [ 36 (4L |48 |49 | 51 | 54 |54 |55]|55
I |= |2 (46 |27 |32 |38 |39 (41 | L3 L7474

PeBe2,4=D 3 IT |= |5 |19 |25 |29 |35 |36 | 36 | 41 {43 |L5|45
I |1 H9 |35 |56 |70 |78 |83 |85 | 8686|8788

ICOl‘ltrol II [ M4 |33 |66 |78 |88 |88 | 88 | 89 |89 89|89
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B. 'SOFT' SEED,
No. of days from start of test

Treatment

k] 5 6 Y 4 & 9 110 112 115 |18 | 21
2,4,5-T 1 |- 1 2|34 |8] 991112 |14
2,4,5-T7 2 |- w lmlml=l=l=l=A) §F 4
Na-CTA 1 - L 6 |16 |20 |21 {23 |24 | 30 | 30 | 32
Na=CTA 2 - - - - - - - - - - -
Amine 1 # 313|333 3 (4] 5] 5] 6
Amine 2 - - e 12408212} 2 (13) 31 8] 5
2,4=D nv1 |- 4 |7 1 7 110 {11 |11 M4 |15 |15 | 16
2,4=-D nv 2 |~ - - - - - - - - 1 3
Control - 13 |26 [36 |41 |43 |44 b |45 |45 [ L5




APPENDIX V.

PROGRESSIVE GERMNINATION PERCENTAGES OF SPRAY=-

CONTAMINATED SEEDS,

AUGUST 4th, 1952,

TEST ST DOWN ON

A. 'HARD' SEBD.
No. of daye from stert of test. I
Treatment [Block

31 4} 5] 61 71 81 9] 10j114|12115] 18] 24

24,4,5=-T 1 I -1 2| 31 5| 81414 | 17|18]21 |21} 37| 37
II -1 3117|124 30|40 L3 | L3|L6ILE]52] 56| 58

2,4,5-T 2 I 11 4] 5117119123125 | 25125 |25 31! 4Lyl L6
I 2| 8115|19128|31|31 | 32|32 36|37 4LO| 41

Ne=CTA 1 I 11 7116120301331 34 | 34|34 |36|36| 41| 41
11 -1 9]23| 28{53|58]60 | €060 |60 |63| 64] 65

Na~-CTA 2 I 21 6| 8] 8[11|12]15] 1515|4516 17] 18
LI -1 2] 5|11 |18|24]29 | 30|32 |33|35| 36| 37

Amine 1 o 2 |24]39145152]|55]|55 | 55}55 |55159] 59| 62
IT 6(11]125(29 |35|37|39 | 41|42 |42 |42|L3[L3

Amine 2 I 11 2] 5|11 1115|2528 | 28|2£ |28 |28| 29| 32
I1 1] 9123} 37{45|48]|50 | 53|53|55|56]| 58] 60

2,4=D nv1 ' § 9134(55(61|65|69]|69 | 70(71 |71|72] 72|72
II 1145[ 33|47 |55|62|64L | 65|65 |65|65|67|67

2,4,~Dnv2 I -| 5(15(22 |34 |37]139 | 41 |42 (b2 L2 Ll L4l
I1 - =| 1| 6116|2231 | 33|36 |39 |43 4L]k6

PeEe2,4~D1 I 11 411839 1485050 | 50151 |51 |52|52}53
II - | 828455015454 | 54|55 |55|57| 58|62

PeBe 2,4=D2 I -1 1] 3|13|18128|31 | 35|35 |35 |42]|u3]|4L3
II -| 1] 2|20 |34 |4O|LO | 41 |41 |41 |45]49]50

Control I 1113|57|72186189]190 | 9191 |91}92|92]| 92
IX 1117153|78|88189|89 | 89|90 (91 91]|91] 91




APPENDIX V,

(CONTD. )

B, 'SOFT' S&ED.

No. of days from start of test.

Treatment

2 14 5 6 T 8 9 110 1141 112 145 |18 121
23U y5=T 1 = - 2 7 9 M0 {11 |12 |12 |13 |13 |14 |15
234 ,5=T2 |= - - - - - - - - - - - -~
lNa-CTA 1 |- - 1 3 3 7 8 |11 |12 |13 |16 |17 |18
Na=CTaA 2 |- - - - - - - - 1 1 1 1 1
amine 1 1 1 1 1 1 1 1 1 2 2 2 2 2
Aniine 2 - - = e - 1 1 2 2 2 2 2 2
Poi=DnVvl = |- 12 |7 |7 {7 |7 8 |10 |10 |12 13 |14
P, 4=Dnv 2 - - - - - - - - “ - 1 2 2
Control = |2 H4 P8 29 31 131 |33 |34 {34 |34 |34 |36




APPENDIX VI,

ADDITIONAL GHERMINATIONE IN
21 to 112 DAYS FRCOM START OF TEST.

'H/RD'

S5

5D SAMPLES FROM

% ‘ ';
Germ. No., of dasys from start of test Ge?m&w
Treatment |[Block| at 21 112
days [27136|41148]55 |62 |69 |76] 83|97 N12| days
2,4,5-T 1 I 37 5| = =| =| Ll 6|=1 7 2|51 67
II 58 8| 1| =| 1| 3| =-(~-| 3{ 1| -}| - 75
2,4,5=-T 2 I L6 5115 =| =] 1| =| =] 5] 3| 1{ 1 78
D ik LA -|13] 4] = =-{ 71 1] 1] =-| 1| - 65
Na=-CTA 1 I L1 21l 4] = 4] 7] 3| =| = -} 2| - 60
17 65 1) =] =l <[44 3] =] 1] 1| -1 1 83
Na-CTA 2 I 18 11 8] =| = = 2|1} 4i 11 2| = 37
11 37 1112 = = =| 3| -} 2] =] =| 2 57
Amine 1 I 62 - =) 2] & 2] =l 1] = =] 1] 1 77
1T 43 - =l -] 6] =] 3| =} 2 1| -1 1 56
Amine 2 I 32 3 -1 6|11}~ 11 =] = =| 2| - 55
II €0 Ll =| = - = =] = =] 2] - 66
2,4=-D nv 1 I 72 - 1 = = 4l 1| = = 2] = = 80
11 67 -l A = = =] 3]~ Y -] -]~ 72
2,4=D nv 2 I Ly 1 4] =] 9] =] 2| = = 1] 1 5 67
XX Lé A Ll 21131 2] 1] - 2 1) 1} - 75
P. Eo 2,&"“D1 I 53 1 - - - 6 1 - 2 - - 7 70
II 62 2 1| = = =| 4] A = 4] = 1 72
PeBo2,4-Dd I | 43 | 4] < = 2| 4l 2| =] A | 1| -] 56
11 50 W =] «| <] 2] =f 1] 4 1] =} 2 62
Control I 92 - = = = =] =] = o =] =] - 92
II 91 - = = = = =] =] o =] =] - 91




APPENDIX VII.

CLASSIFICATION OF THE SEEDLINGS EMERGED BY THE

218t DAY IN THE THIRD GERMINATION TEST OF

'HARD' SEEDS ACCORDIBG TO TYPE OF
ABNORMALITY SHOWN,

No. of|No. of | Nos, of Abnormal Types ,
Treatment Seed- Normal Shorg Root Un-
1iise Seed- N dete
E® |lings [rwist|Epinesty lswollen [Swollen|mine
2,445-T 2 g2 34 11 30 9 2 6
Na=CTA 1 104 26 29 30 16 0 1
Ne=CTA 2 55 15 7 13 15 2 3
Amine 1 105 L4 26 16 5 13 1
Amine 2 90 32 17, 6 13 25 2
2,4=D nv 1]139 61 26 16 15 16 5
2,4=-D nv 2| 90 36 7 5 16 16 0
P.5Be 2,4-D 1] 115 54 23 22 3 9 L
PeE.2,4-D2] 93 32 13 25 6 16 1
Control 183 68 86 29 0 0 0




APPSNDIX VIII.

IODOMETRIC TECHNIJUE USED FOR DETERMINATION OF
GLUCOSE CONTENT.

From S0OGYI, Me Jn., Biol. Chem.4160: 61-68. 1945.

Composition of Reagent:

The alkeline copper-tartrate reagent wass constituted
as follows:=- 1 litre of the solution contained 28 gm.
of enhydrous disodium phosphate, 100 ml. of normal sodium
hydroxide, 40 gm. of Rochelle salt, 8 gm. of cupric
sulphate (erystelline), end 180 gm. of anhydrous sodium
sulphate.

Preparation:

The phosphate snd tartrate were dissolved in about
700 ml. of water, the sodium hydroxide was added, &nd
then, with stiming, 80 ml. of a 10% copper sulphate
solution were introduced. Finally the sodlum sulphate
was added and, when dissolved, the solution was diluted
to 1 1litre and allowed to stand for a day or two
before use.

lodometric Technigue:
The anslytical procedure was carried out as follows:-

5 ml. of the above reagent and 5 ml., of & glucose solution
were added to a 25 x 200 mm. Pyrex test-tube, covered

with e glass bulb, and heated for 16 mins. by immersion

in 8 vigorouely boiling water bath. After cooling in
running water, 2 ml. of an aprroximately 2.5% solution

of potessium iodide was added by running it carefully
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from a8 pipette down the wall of the test-tube without
causling agitation of the contents, Next, 2 ml, of
approximetely 2-normel sulphuric acid were added - the
egcid being rapnidly dropped so that the entire contents
of the tube were mixed and scidiified st once. The
mixture wes then titrated egsinst 005 =normal sodium
thiocsulphste solution using stsrch to detect the
end point.

Each ml, of the titrstion vslue was equivalent to

0«135 mge of glucose.




APPENDIX IX.

CARBOHYDRATE ANALYSIS OF 'YOUNG' ROOTS. JONTENTS,
ALL ON FRESH WEIGHT BASIS, EXPRESSED
A4S _GLUCOSE (mgms. per gm.)
Non-
Root | Fresh %gt.| % Reducing | reducing | Starch | Total
No, | (Gms.) DeWs | Sugser Suger
1 2. 26 35.4 3. 96 6.02 1463 | 24.64
2 1.92 34.8 2,98 3e 84 24.26 | 31.08
3 2.42 40«5 3099 8¢ 33 33. 76 | 46,08
L 1.87 38.2 3e 11 5.97 28,24 | 376 32
5 2. 40 33«9 1. 39 BN 6l L0, 26 2#5- 29
6 2. 34 U0.7 3¢ 34 5 71 42432 | 51 37
7 1.46 L5.7 2.63 10. 74 69,10 | 62. 47
8 1.£9 3549 | 3.3 7.60 33496 150467
9 119 376 2. 719 7 79 52.06 |65« 24
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CARBCHYDRATE ANALYSIS OF 'MATURE' RCOTS. CONTENTS,
ALL CN FRESH WEIGHT BASIS, BXPRESSED AS
GLUCOSE (mgms. per gm. )

Root |Fresh Wgt.| % Reducing ﬁgSGCing Sterch | Total
No. | (Gms.) DeWe | Sugar sugar
1 9«79 374 2,97 6o 54 17.26 | 26.77
2 9.23 375 3¢ 33 Lhe18 18,85 | 26.36
3 114 36 317 2,04 2.42 21.94 | 26440
i 10,147 35¢8 3e 51 Lo 76 715 | 15.42
5 104 4Ly 39.4 2,99 5¢87 17.18 | 26.04
6 Eelly g % o 3¢ 95 e B4 17+ 84 26.57
T 11. 89 324 4 Lo il 2,88 8. 67 16.19
& 10. 73 393 3. 86 6o 28 25. 79 35093
9 12, 61 37.0 4«07 4e 50 12 24 21.21
10 B 445 e 7 3e 42 e 35 7460 | 15437




APPERDIX IX (CONTD.)

CARBOHYDRATE ANALYSIS OF 'INTERMEDIATE' ROOTS.

CONTENTS, ALL ON FRESH WEIGHT BASIS, EXPRESSED

AS GLUCOSE (mgms. per gni. )

Root | Fresh Wgt. % Reducing ﬁgg;cing Starch| Total
No. | (Gme.) Deie | Sugsr Sugar
1 597 35«9 L.01 lie 36 7ol 15.78
2 10. 83 366 3 4e 79 20 80 8492 1751
> Te 22 33¢ 5 Le 79 152 64 36 12.61
L 5¢ 30 38,0 7+ 85 L. 38 8e58 20, 81
5 9+ 30 349 SellO 5«49 679 | 17.68E
6 12, 84 3246 Lo 81 113 17.10 | 23,34
T 6. 30 39.0 6. 50 3402 14.49 | 2L.01
8 11.50 432 Yo €5 lie 29 20, 81 29, 76
9 L. 91 41.0 523 8¢ 20 11.27 244 70
10 12 71 384 3 Fe 22 6e 28 18. 65 50«15
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CARBOHYDRATE ANALYSIS OF ‘*FLOWERING' ROOTS. CONTENTS,
ALL ON FRESH WEIGHT BASIS, EXPRESSED AS
GLUCOSE (mgms. per gm,)

Non=-
Root |Fresh Wgt. % |Reducing |reducing |Starch | Total
NOo _(GmBo ) De We Sugar Sugar

s

1716 | 28,9 1.68 149 L4e 25 742

2 1915 | 33.3 3. 73 2469 5¢42 | 11484
3 12,43 | 37. 8 3,05 Le 54 12,97 | 20.56
L 6430 | 3541 2,28 30 G4 7.09 |413.28
5 T7e97 | 401 Ge Ol 7 84 10.53 | 27. 41
6 585 | 3U4e2 5¢24 3¢ 57 11.41 | 20,22
4 €e5U | 3546 3,09 2,60 8,55 | 14.24
8 10.93 | 3647 €. 61 3.77 7465 | 18.07
9 Se3D |99+ 2. 72 3. 28 15.23 | 21.23
10 1935 | 3847 3. 84 3.05 Ge02 | 15,88
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CARBOHYDRATE ANALYSIS OF 'SEEDING' ROOTS. CONTENTS,
ALL ON FRESH WEIGHT BASIS8, EXPRESCED AS

GLUCOSE (mgme. per gm. )

Rggf Fr?ggs’iH%t. D?.%W. Regg;g;g gggéﬁing Starch |Total
1 11.87 36e 4 L.42 3 20 L. 85 12,47
2 12.56 3840 2.16 3. 62 15 34 21.12
3 8.99 36,2 e 20 2. 68 874 [15.62
L 13.40 351 3. 75 117 15¢33 |20.25
5 9.05 34e7 6e 66 4455 953 20. 7l
6 14.10 37.0 3455 0. 32 18. 44 224 31
7 7. 94 3Le9 2,10 1.90 16.05 20.05
6 215 5349 319 1.95 10,07 1525
9 9.51 32,0 379 2+ 39 583 [10.,01

10 13.06 31. 4 2. 66 1465 1373 18.04






