FI BER PROBE DEVI CE HAVI NG MJUL
BER _ TI PLEDA Background of th [
This invention relates to probe devices, and nore par'?i l:lrjl?/gpltlyo'?o

%'ﬁ reO![ ﬁginc%_dji_.be.r_,_.pr_ob_e__gevi ces and to methods of making them

fundarent al | i?’n?f‘rf. ago, the famous physicist Ernst Abbe described a
'of_--"l-ehsiﬁes in an iﬁalgioggOfsygtngmrq gr?SCOpelthat relies on any lens or. sy tem
Bl g _ ocus light or o radiation:
~dirffradgtion obscures (nmakes fuzzy) those _dgt ails 01'E h?’%“é(adl aLion

ST TS TR b AN S PECLIICATION ™™ "% ©°
b AT © NoDRAWINGS - 1,194433

g\‘;entors: CHARLES DAVID FRITZ. and WILBUR. FELL
ANS : . : -

Date of Application (No. 8859/68) and filing Complete
Specification: 23 Feb., 1968. '

Application made in United States of America (No. 617,860) on
23 Feb., 1967. ' ' . '
Application made in United States of ‘America (No. 693,698) on
27 Dec., 1967. . :

Complete Specification Published: 10 June, 1970.

Co

1194433

Index at acceptance:—CL B@F1, SFX); A5 E(1C3B1, 10442, 1C4A3, 10455,

1CBA)
International Classification: —A 011 5/00
o ' COMPLETE SPECIFICATION |
Processes and Compositions for the Regulation of Plant

Growth

~ We, AMCHEM PRODUCTS, Inc., a Corpor- of these plant growth regulation effects have

R ation organised under the Laws of the State of course been achieved in the ‘past by other 40

PR of Delaware, United States of America, of ~means, but we have found that, over a wide

A - Brookside Avenue, Ambler, Pennsylvania, range of plant species and gondxt{ons_of appli-
SRR 8 United States of America, do hereby declare cation, the phosphonic acid derivatives used

the invention, for which we pray that a patent according to this invention yield results at

may be granted to us, ang the method by least as good as and often superior t0 those :45 _
which it is to be performed, to be particularly attainable with conventional plant—growyth
described in and by the fellowing staternent: — regulators, with a marked ease of application

in cereals, beans and peas, breaking dormancy
in seeds, tubers and rhizomes, lending frecze

resistance, ripening effects, and so on. Some

PECISICATION AMENDED

10 This invention concerns processes and com-  as “will be explained hercinafter. )
positions for regulating the growth of plants. The phosphonic acid derivatives of this
We have found that certain derivatives of invention are certain specific_ substituted 50
phosphonic acid exhibit marked powers O phosphonic acids and their acid chlorides,
regulate the growth of plants. Many. types . anhydrides, hydrolyzable - esters and salts—
, 15 of compounds have of course been proposed which for convenience we sh_all lgerema.fter
in the past for use as plant growth regulators, collectively call “the phosphonic acid deriva-.
and some of these have found commercial  tives”. Derivatives of phosphonic acid chemi- 55
- application. As with othér plant growth regu- cally rather dissimilar to those used in the
R lators, the phosphonic .acid derivatives used present invention have.prevmqsly been sug- -
20 according to this invention can produce the gested for use In 'agnculture_ as h_erbmgde_.s _ _
most diverse effects upon plants, dependent  (See for instance U.S. Patent Specifications . . . ¢
" on a great- many factors—including for in- NoOS. 2,927,014 and 3,223,514) but the plant- 60"
stance the stage in the life-cycle of a plant growth regulating actvity of the phosphonic
at which they are applied to it, the concen- acid derivatives of this invention is quite
25 tration at which they are applied to the plant, distinct from the herbicidal activity posscss‘ed
' and so on. The phosphonic acid derivatives by those known co;npqunds. Although the
of this invention when svitably used, as by phosphonic acid derivatives of this invention 65
anyone accustomed to the use of plant-growth can sometimes be used in a herbicidal context
regulators, can achieve the most marked and (thus to stimulate the growth of dormant
30 commercially-valuable effects, such as inducing = rhizomes 1n order to make them more suscep-
7" and increasing flowering; suppression of apical tible to 2 herbicide)) they are not themselves
dominance, auxin activity, increase in branch- 10 any practical s§n§e-her§1c1des. ) L 70
ing on certain plant species, increase in the  ‘According to this jnvention there is Provxd_esi .
_ protein content of ‘certain plants, defoliation 2 process for regulating plant growth, in which
35 and fruit abscission effects, minimizing lodging  there is applied to the plant an. effective

amount of a plant growth regulator comprising

one or more phosphonic acid derivatives con- 73,
forming to the general. formula
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t he wavel ength of the radiation. See "Scanned-Probe M croscopes” by H.
Kumar W ckr amasi nghe, published in Scientific American, Vol. 261, No. 4,
pp. 98-105 (QOctober 1989), In other words,

‘In order to circunveéent 'S

the.resolution of the m cgwsc%p&
TS LLm.ted. by.the.wavel efgt h-of - t-he- radiation. T

.‘

lLimtation, researchers have investigated the use of, inter alia, vay i0us
types of imaging probes. Scanning tunneling mcroscopy (hereinafter M)
devices, atomc force mcroscopy- (hereinafter " AFM') devi ces, and \
near-fi eI d scanni ng opt ical m CE PRGRPY (herel nafter "NSOM') are sone. 3
exa STM a ——
metal lic probe S bﬂou ht suffici eninlvshwblomﬁs@ xt@da lt@ ganpl e surfac ';Ctel
such. that a smal Irgb i ng cu ent n§ q?} %ﬁfcf? eﬁ lop ‘?ﬁé iy? ugga of .this "
currem is extrerdl @ngendent n tZ} be Th
t opography of the sanple surface).. gibﬁp lRFBallgrdﬁ an tacsulssﬁmtedl at eral ly 5 from-
acr oss whee I{ns B rmg}udllalls )lalcstbvlf @Bdloetwil t preunsubstishted iplrgyl quh anb R rlala angst roms  tural
separ at @‘gf Mé% g" i fyd prore g ac Awag sodiw
u orr it ute nyl gropp alogen- i reasor
at omgC- Cﬁ}g ré) %1 yE KEH?H‘bdsel h:“%?ﬁ é 1sat@19 NGRathfRd !t | p tO sanpl Qereir
separ atan@dr hydr o-aa angterrp hﬁlebcbyonafhaml cﬁﬁxhnmﬂgmmhaznmalz f eedback 10 use of
servom&@nss&mhedeof AFM i magi ng i s exctvnatoed in : . For
_ So far as we can determine, the plant- Furthermore, we have also f_ound that in much
‘growth regulating activity of the phosphonic  general the phosphonic acid derivatives which 65 phoni
10 acid derivatives defined with reference to for- display the most consistently . satisfactory anhyd
mula I res1des in the results as plant-growth regulators are those in 15 the |
- _ which R/R? in general formulae I/II above phosp:
is-a substituted-ethy! group, and indeed more " of 2-c
|| .O— particularly either a phosphono-substituted 70 pyroce
R—P< ethyl group (this phosphono-substituent may phosp:
: o be further substituted in the same way as the - 20 2-hyd
g : phosphono-grouping at the other end of the phosp:
anion, (presuming the acid chloride and an- ethyl group) or above all a halogen substituted =-hyd:
- - hydride hydrolyze to form it) and we believe ethyl group. (= phosp!
- 15 that any derivative of that anion capable of = Thus, the particularly preferred phosphonic 2-hyd
releasing it in, on or around the plant under acid derivatives for use according to the 25 phospl
treatment will display the desired plant-growth  present invention are the (halo/phosphono)- diestex
regulating activities. Now obviously, the pos- cthyl phosphonic acid derivatives conformm;, 2-chlo
sible derivatives include both compounds to the general formula 80 phospl
20 which hydrolyse very readily as well as also ' 2-chlo
‘compounds which hydrolyse only with diffi- ) 30 pyroce
culty, perhaps owing to steric hindrance. - I Y . . phospl
Moreover, there are compounds which in the . X-—CHz .CH,. P'< (IH) 2-chlo
laboratory can be hydrolysed only with diffi- ' acid ¢
25 culty, yet which apparently can be metabolized acid,
by the plant and hydrolysed by its enzymatic where X is a halogen atom or. a phosphono 35 2-chlo
systems quite readily. —PO(Y)Z group; Y is a chlorine atom or an * form),
In general we therefore recommend that —OR?! group; R* is an hydrogen atom or . diester
the phosphonic acid derivatives employed a salt-forming cation or a substituted or un- 85 mixed
30 should normally be compounds known to be substituted aryl-, arylmethylene-, heterocyclyl- ~+ 2-chlo:
readily hydrolysable, either in the laboratory or heterocyclyimethylene group, or the 40 phenyl
or the plant under treatment. If for any reason X.CH,:CH..PO(Z)- group; and 'Z is acid,
the use of other derivatives is contemplated, it defined as (but not necessarily -identical t0) phenyl
‘will then be necessary to investigate whether Y or is an oxyhydrocarbon group, wherein 90 acid, 1
35 'on a particular plant under particular con- the hydrocarbon chain may be substituted or diester
ditions that derivative is capable of yiclding - unsubstituted, saturated or unsaturated; or Z 45 salicyli
the -desired results, If not, the choice of and R* together form an —O—Q * phospt
compound must be adjusted accordingly, —O .CH,—@—, —CO. 0~G— or . 2-hydr
moving towards a more readily hydrolysed . —CO . NH—@— linkage, where @ represents 95 - phospt
40 derivative. Initial guidance in the choice of :-a divalent, substltuted or unsubsututed benzene 2-hydr
- any particular phosphonic acid derivative can  or heteracyclic ring. - 50 phonic
be secured in the greenhouse by testing its In general formula I .above, it is to be - of 2l
power produce epinasty in tomato plants, using understood that the term “aryl” refers especi- (2—ch1c
the routine standard methods. ally to monocyclic aryl groups, whether substi- 100 phonic
45 The investigation suggested above is well tuted or not, but may extend also to bicyclic Bro:
within the competence of any plamt biologist. and polycyche aryl groups provided that they 55 matura
For assxstance, however, it may be noted that bear one or more substituents capable of : rate),
the ma;onty (though not all) of the phosphonic imparting water-solubility to the compound as corresy
acid derivatives which we recommend are the a whole, such as sulphonate groups. 105 -and it
50 phosphonic acid derivatives conforming to the In both general formulae II and III above, acid - ¢
general formula the substituted or unsubstituted, saturated or 60 - phospt
' unsaturated hydrocarbon chains will normally the pl
' . be lower alkyl or cyclo-alkyl ‘groups, such as : “deriva
' || 0. (CH,),—R* ethyl, isopropyl, butyl and cyclohexyl groups. 110 Besi
R'—P< an We recommend that the hydrocarbon grouping - -  deriva
~ 0.(CH)—R® should contain from 2 to 18 carbon atoms, 65

a nun



simlar manner to that of the STM except that the atom c forces (either
short-range repul S|ve or Iong range attractive) are detected instead of
_tunneling cu s-advaptage,.to this.technique.is.that the. tipa.
TriAndosanples doe TR ve’“‘f-c‘%e Conductive, all materials exert atomc f es.

. device is typically conprised of an aperture |ocated at the @of :
the aperture having a (largest) dinensio hat -

jated optical probe,
er than approxi mately the wavel ength of the optical radiation that
used. During device- operatlon éﬁg probe is positioned in.cl gse .
B QE::QX| miy to’the surface of a sanpl e h?f?i Yhe aperture of th
wid hen al}oved gme s6ad 18 CiBEmSatdnhevShivE Busd Ofvithih @ere@Notneniab ddyd Bt abokesthivhces of
is separ ati on t hmﬂem wmxalc’hblm& ofihbecdomgléund ancésle abeen cshowna &t é’FI if@@lvbya"mﬂsual ly
oy al Mprces't fFE Bydssireldy o the r ﬁ“’sfl g ShiioR
d cul.ar gLu no Qléé%i L I‘ﬁ, }40‘:E}"6mc ac in Ldg 0
ute erpen 5 fr thg lre @& d1 ¥, adid)€ 70
isa” . tural chemicals, and for instance mclude Z-methoxy-ethyl phosphomc ac1d carboxy-
bsti- : sodium, aluminium and zinc. However, for methyl phosphonic acid and 2- chloro-progyl'
uted 60’ reasons of stability which will become apparent " phosphonic acid, as well as their corresponding -
ated hereinafter we normally prefer to avoid the derivatives such as for instance the pyro-
v 12 10 use of readily-hydrolysable salts. " catechol cyclic ester of vinyl phosphonic acid 75
. - For reasons -of cost and effectiveness we and the like.
t in “much prefer to employ 2-chloroethyl phos- It will be well understood by any plant
hich 65 phonic acid and ‘its derivatives, notably the biologist that, as with any plant-growth regu-
tory . anhydride of 2-chloroethyl phosphonic acid, - lator, the phosphomc acid derivatives should
ein - 15 the bis-(acid chloride) of 2-chloroethyl- be applied to any particular plant at certain 80
Yove ' phosphonic acid, the pyrocatechol cyclic diester optlmum application rates (either of concen- .
1018 of 2-chloroethyl phosphonic acid, the 4-chloro- tration in solution, or of wexght per unit of
sed 10 pyrocatechol cyclic diester of - 2-chloroethyl ground area) and at certain stages in the growth
nay phosphonic acid, the mixed ethyl and cycle of the plant, if they are to.achieve any
the 20 2-hydroxyphenyl diester of 2-chloroethyl particular desired growth- regulating effect. 85 -
the phosphonic acid, the mixed butyl and While we have made very extensive investi- .
ited : 2-hydroxyphenyl = diester of 2-chloroethyl gations into the growth regulating properties
5 - phosphonic acid, the mixed propynyl and of the phosphonic acid derivatives, the almost
»nic . 2-hydroxy-phenyl diester of 2-chloroethyl limitless variety of plant species and the great
the 25 phosphonic acid, the bis-(pentachloro-phenyl) diversity of desirable plant responses, coupled 90
10)- diester of 2-chloroethyl phosphonic acid, the also with the fairly wide .range of climatic -
ng 2-chloroethyl monoester of 2-chloroethyl conditions which may be encountered, make
80 phosphonic acid, the bis-(phenyl) diester of it altogether impossible here to specify exact
: - 2-chloroethyl phosphomc acid, the tetrachloro-  application rates for all purposes. Such appli- E
30 pyrocatechoi cyclic cster of 2-chloroethyl cation rates can however be determined fairly 95
" phosphonic acid, the saligen cyclic ester of readily for any particular case by standard -
) .2-chloroethyl phosphomc acid, the salicyclic procedures well known in themselves. For
- acid cyclic ester of 2-chlor0°thy1 phosphonic ~ general guidance, our experience indicates that
: - acid, the 3-hydroxy-phenyl-monoester of when applied broadcast to standing vegetation,
mo 35 2-chloroethyl phosphonic -acid (in polymeric the application rate for the plant growth 100
an form), the bis-(2-oxo-pyrrolidinyl-methyl) regulators of the invention will normally lie
or diester of 2-chloroethyl phosphonic acid, the within the range of from 0.1. to 25—30
m- 85 mixed phenyl and.o-hydroxy-phenyl diester of pounds per acre (or 0.112-to 27.5—33.6 kilos
yl- - 2-chloroethyl phosphonic acid, the o-hydroxy- per hectare), usually in fact within the
the 40- phenyl monoester ‘'of 2-chloroethyl phosphonic = narrower range from- 0.25 to 16 pounds per 105
is acid, the mixed isopropyl and 2-hydroxy- -acre -(or 0.28 to 17.92 kilos per hectare),
to) phenyl diester of 2-chloroethyl - phosphonic and most frcquently within the still narrower
din 90 - acid, the mixed octyl and 2-hydroxy-phenyl range of from 0.5 to 4 pounds per acre (or
or - diester of 2-chloroethyl phosphonic acid, the 0.56 to 4.48 kilos per hectare). When applied
A 45 salicylic acid cyclic ester of 2-chloroethyl by drenching trees or soaking seeds or tubers 110
-, phosphonamidic acid, the mixed hexadecyl and  the application rate for the plant growth regu-
or 2-hydroxy-phenyl diester of 2-chloroethyl lators will normally lie within the range of
s 95 phosphonic acid, the mixed tridecyl and from 1 to 48,000 parts per million (thus from
ae 2-hydroxyphenyl ester of 2-chloroethyl phos- 0.0001% to 4.8%, by weight), and most often’
50 phonic acid, the 2,3-pyridine-diol cyclic ester ~ within the range of 10 to 10,000 parts per 115
be of 2-chloroethyl phosphonic acid, and the bis- million (thus from 0.001%, to 1%, by weight).
- (2-chloroethyl)-diester of 2-chloroethyl phos- Further detailed guidance in relation to a
ti- 100 . phonic acid. variety of commercially-important agriculturai
lic . Broadly-speaking. equally effective (subject usages will be found hereinafter.
ey 55 naturally to adjustment of the application  The phosphonic acid derivatives when 120
of rate), though usually less desirable, are the appropriately applied to plants within the
as corresponding 2-bromoethyl phosphonic acid limits suggested above have been. found to
105 and its derivatives, 2-iodo-ethyl phosphonic  cause a wide variety of plant growth responses,
e, acid and its derivatives, and 2- fluoro-ethyl including for instance the following: —
or 60 phosphonic acid aind its derivatives, as well as ' .
ly " the phosphono-ethyl phosphomc acid and its Increasing Yields: 125
18 derivatives. The phosphonic acid derivatives arc capable
s. 110 Besides the preferred phosphomc acid of increasing yields of small grains, particu-
g derivatives of general formula III listed above larly oats (Awena sativa), wheat (Triticum
S, - 65 a number of other phosphonic acid derivatives aestivum), and barley (Hordem spp.); and of
:
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_ paste, to one side of a decapitated sunflower

hypocotyl the phosphonic acid derivatives. are
capable of inducing bending of the hypocotyl
away from the side of the application; they
are also capable of inducing sprouting ' of
underground rhizomeés of monocotyledonous
and dicotyledonous plants; of causing cell

* proliferation; and of inducing rooting, as

. evidence by the production of Jarge numbers
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of root primordia over the entiré stemlength
of tomato plants (Lycopersicon esculentum)
after these have been sprayed with an aqueous
solution thereof-—this type of response makes
it possible to root cuttings either when taken
from treated plants or after treatment of their
cut ends. ' _
Inhibition of Terminal Growth Conirol ‘of

Aphical Dominance, Increase in Branching,

and Increase in Tillering:

These types of plant growth response can -

be produced on a variety of plant species
‘when .they are treated with the phosphonic

acid derivatives including privet .(Ligustrum

ovdlifolium), blueberry, "(Vaccinum corym-
bosum), azalea (Rhododendron obtusum), soy-
beans (Glycine mas.), snapbeans (Phaseolus

- pulgaris), tomatoes (Lycopersion esculentum),

alligator weed (Alternanthua philoxeroides)
and monocotyledons such as rice (Oryza
sativa), johnsongrass (Sorghum halopense) and
wild oats (Awvena fatua). This type of response

- can also be of value in the control of roadside

grasses. It has been suggested that the removal
of the lead bud (e.g. by pinching) should
allow growth of auxiliary buds; but it.is
-generally found that on remioval of the lead
bud one of the auxiliary buds takes over the
activity and dominance of the lead bud. The
use of the phosphonic acid derivatives, how-
ever, usually retards the activity of the lead

bud for a while but then later restores the
. lead bud to normal growth, with production

of normal flowers and normal fruit; and thus

one avoids the permanent loss of buds inevit- -

ably associated with pinching. However, some
plant species respond differently when treated
with the phosphonic acid derivatives for
control of apical dominance—growth inhibition

 may extend to include not only the lead but

. 55°

60

65

but also lateral buds along the stem. Examples
of such plants are tobacco (Nicotiana tabacum)
and chrysanthemum (Chrysanthemum sp.}—
this type of response is useful for preventing
sucker growth from lateral buds on tobacco.
Increasing Protein Content : .
The phosphonic acid derivatives are capable

- of measurably increasing the leaf area relative

to the stem area in many plants, and the

increased ratio of leaves to stem results in

-an increase in total protein on a per plant
- basis, and modification.of the protein, carbo-

The phosphonic acid derivatives have been
found to accelerate abscission of mature foliage
on both perennial and annual plant species.
They are for instance quite active as defoliants
on cotton, and defoliation properties have also
been observed in other plant species such as
roses, privet, apples, citrus, and brussel sprouts
once the leaves have attained a mature state.
Abscission of flowers and/or fruit following

application of the phosphonic acid derivatives -
“has been observed on a variety of plant species,

including apples (Malus domestica), pears

(Pyrus communis), chetries (Prunus avium),

pecans (Carya illinoensis), grapes (Vitis vini-

fera), olives (Olea europaea), coffee (Doffea

arabicd) and snapbeans (Phaseolus vulgaris)—
these abscission responses can be used to regu-

" late flower production and as an aid in harvest-
ing fruit. - - : .
" Hastening Ripening and Colour Promotion

in Fruit: .
The phosphonic acid derivatives have been
shown to be capable of hastening the ripening

of fruit from a number of plant species, such

as apples (Malus domestica), pears (Pyrus
communis), cherries (Prunus avium), bananas,
and pineapples (dnanas comosus); and of
removing the green colour from harvestable

fruit such as tomatoes (Lycopersicon esculen-

tum) and regreened citrus such as oranges
(Citrus sinensis) and lemons (Citrus limon).
Increasing Flowering and Fruiting:
Suitably - applied, the phosphonic acid
derivatives are capable of increasing flowering
and fruiting in a number of economic crops,
such as soybeans (Glycine max.), snapbeans
(Phaseolus wvulgaris), kidney beans (Phaseolus
-gulgaris) and zinnias (Zinnia elegans).

Abortion or Inhibition of Flowering and '

Seed Development :

Suitably applied, the phosphonic acid .

derivatives will inhibit flowering and/or abort

seed development, for example in johnson:

grass (Sorghum halepense).
Prevention of Lodging: . .
_ Application of the phosphonic acid deriva-~

tives has been shown to induce rigor resulting

in firmer and stronger plants capable of resist-
ing natural tendencies towards lodging. This

“effect has been observed on a number of plant

species, such as for example wheat (Triticum
aestivum), barley (Hordeum wvulgare), and pea
(Pisum sativum).

" Stimulation of Seed Germination and

Breaking of Dormancy:

The phosphonic acid derivatives have been
shown to stimulate the germination of for
instance lettuce seed and to terminate the
dormancy of tubers such as seed potatoes.

Resistance to Freeze Injury: :

The phosphonic acid derivatives appear to

increase the hardiness of various plant species, .
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of the surface of the sanple body require [ [
: : prior detailed know edge of
slanting contours of the sidewalls of the probe, and these cal cgl ati 0;26
tYPTIE? ly do not_yield acqurate-metsological detern nations of the desired
T profile. . o the it g.of~The surface of the sanplé body, especially at

EBAEO

| ocations; of the surface of the sa | ' [

_ : ACE npl e body where sudden junps (verti cal

junps) thereof are located. In additior, fabrication of. ‘tJherr-BroE)e-” | ce

: ;;efsgrr)le._e __Ognd leig-pensl \ée, hespeC|.aI |y ;because of the need for dril t he
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o ppkciess 0T P R R A hings R do! Yvepy firabable, incCeiep whopabilize
;c% ghons of the fbBQLycopersicapesaehta)p havi ng t#aeinsﬂa@vely@r breakdopa) e LORERRN
s hda¥e alior med jon 't he ehadates ofth ot[zﬂeG_rg?g iR(gaqlatop-que?cid dleﬁg 1§eq or%ato jnveriyt ;
es piobe [ piis cont r & @kpsphgnic AFig 4 fratipss Pof N Bk God F ] Bxclplaht\ovth DET
sselSPreut: ofPpogi t i ol Cﬂou;f:w uﬁ éxbfongl ctioi;v;’g er}gﬁ { NEbotigtng Qctity whe dpplerio plang amnd>
iture state, 7 growth' regulators, 18, ROMbibit BfHiroxf¥ef | B&donstrated for instance by epinasty tests
. following ' N - dimethyl - aminosuccinic acid, -gibberellic upon tomato plants. - .
derivatives - acid and naphthalene acetic acid, and interact Tt is therefore our belief that the phosphonic
ant species, therewth producing synergistic or antogonistic  acid derivatives of this invention exert their
cq), pears 80 15 responses in various plants. " growth regulating activity, at least in the 80
us auium), _ Interactions with Herbicides: great majority of cases, by assimilation into
Vitis vini- While the phosphonic acid derivatives seem  the metabolic system of the plant. Indeed, our
ec (Doffea to have essentially no phyto-toxic activity of . analytical - investigations - have . shown that, .
vulgaris)y— their own, they may be used in their capacity immediately following application to the plant, _
=d to regu- 85 20. as plant growth regulators in conjunction with' residues of these phosphonic acid derivatives 85
in harvest- herbicides, for instance with aminotriazole in are for a limited period to be found in the
, * the herbicidal control of johnson grass (Sorg-~ plant’ tissues. Our analytical investigations
Promotion hum halepense). - . have also shown that in many plants some
. : The various types of plant growth response time after application of the phosphonic acid _
have been 90 25 described above have in general been observed  derivatives the plant tissues contain detectable 90
1e ripening : before; and at least many of them can also  amounts of ethylene, From this one might
ecies, such- be caused by ethylene, which apparently plays conclude that the phosphonic acid derivatives -
us (Pyrus a role in the growth cycle of plants. The are broken-down within plant tissues to release
), bananas, role of ethylene in plant growth cycles has . ethylene, and that the ethylene thus released
); and of 95 30 been discussed inmter alia in “Plant Bic- exerts its normal functions. It might therefore 95
harvestable chemistry”, by James Bonner and J. E. Vamer, be supposed that this merely causes the arti- g
m esculen- (1965) pages 641-—664. It is morcover known ficial acceleration of the plants natural life
as oranges to employ ethylene, essentially in gaseous cycle to another. Now, while it is true that
limon). . . form, to stimulate flower initiation in pine- such an acceleration does indeed happen, this .
ng: 100 35 apples—see for instance “Hormonal Control is not the only effect observed. Thus not only 100
onic  acid of Plant Growth”, by N. S. Parihar, (1964) does a plant growth regulating effect occur, '
z flowering pages 69—79. Ethylene is applicd upon a. but in most cases it occurs to 2 greater degree
mic crops, commercial scale using cumbersome equipment than in nature: Our_analytical investigations
snapbeans to drench the pineapple plants with ethylene-  have very surprisingly indicated that, with at )
(Phaseolus 105 40 saturated liquids. It is also existing commercial least the preferred phosphonic acid derivatives 105°
). . s practice to ripen bananas in an atmosphere  on some plant species, the amount of ethylene- :
vering and containing ethylene. It has moreover been present in the plant tissues is greater than that - . =
) reported that essentially similar if less power- attributable to the phosphonic acid derivatives.
onic acid ful effects on plant tissues are caused by other ~Where we have- detected this phenomenon, it _
dfor abort 110 45 unsaturated hydrocarbon gases. The mecha-  seems that the quantity of ethylene released 110.
in johnson nism by which ethylene and the other gases within the plant tissues is approximately twice
affect the growth cycle of plants is far from. that which ean be derived from the quantity
B fully understood, but it is clear that they do  of phosphonic acid derivatives assimilated by .
cid deriva- ' play a role, It can be seen that the phosphonic  those tissues. If this be so, it is clear that the
i resulting 115 50 - acid derivatives used according to tlie present assimilation of the phosphonic acid derivatives 115
¢ of resist- invention contain in their structures molecular by the plant tissues may trigger-off the enzym- -
ging. This configurations potentially capable of break- -atic or other systems within the plant which
er of plant down into ethylene or like compounds. Seme themselves generate ethylene. _
(Triticum : indeed of the phosphonic acid derivatives will The generally superior plant growth regu- -
), and pea 120 55 slowly but ‘spontaneously break-down hydro- lating activity of the haloethyl- and phosphono- 120
' : Iytically to yicld ethylene. - ethyl- phosphonic acid derivatives (of general
wion and { For these reasons, while we do not wish to  formula III) used according to this invention
be limited by any theoretical considerations, could then be explained on the basis of this
bave been : our belief is that the phosphonic acid deriva- -hypothesis, as follows. All the phosphonic
on of for 125 60 tives used according to the present invention acid derivatives of general formula I may be 125
tinate the probably in most cases exert their plant- supposed to be capable of triggering the
Jotatoes. ¢ growth regulating properties via the ethylenc- plant’s internal enzymatic systems to a greater
: % responsive mechanism in plants. or lesser extent, to generate ethylene from the
appear to . ¢ "1t cannot be absolutely excluded that upon plant’s own resources. The use of the preferred
nt species, 130 % 65 application of the phosphonic acid derivatives 130

halo/phosphono-ethy! phosphonic acid deriva-
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é OB? rﬁg 15 EE}'CI aé)e d ljhil cgted amounts of the fore i1
own o tHe i aci phosp ofiic acid derivatives may in general the pt
derivatives to yield additional ethylcne withina  be applied in liquid formulations with sufficient of 50
the plant tissues. dqueous or other liquid diluent so that the 70 5 Wh
As alrealy indicated, despite the already total volume sprayed is from about 1 to 100 " canno
very extensive research_ we have made into U.S. gallons per acre (appproximately 9.352 . cautio
the mechanism whereby the phosphonic acid to 935.2 litres per hectare, hence roughly 10 even
. derivatives used according to the present in- to 1,000 litres per hectare; or approximately as sug
‘vention exert their  plant growth regulating’ 0.832 to 83.2 British gallons per acre, hence 75 10 break
properties, we are not yet able to say whether - very roughly 1 to 80 British gallons per acre). with «
the theory advanced above concerning their From another aspect this invention also excluc
 mode of action is correct. At present however therefore broadly provides plant growth regu- partic
we believe this mode of action to -be the most lating compositions which contain one or more _norm
“likely explanation of the plant growth regu- of the phosphonic acid derivatives previously 80 15 releas
lating activity of these phosphonic acid deriva~ defined herein together with a liquid solvent the o
. tives, or dispersion medium or a pulverulent and/or COrrL:
In that belief, therefore, we regard our granular solid carrier. isaf
invention as prov1d1ng a -process for the regu- In the compositions ready for: apphmuon' I
lation of plant growth in which there is applied to plants the amount of the phosphonic acid g5 20 of th
to the plant an amount of one or more of derivative(s) should usually be from 1 to . comp
_the prevxously-spemﬁed phosphonic acid 48,000 ppm., and preferably from 10 to 10,000 withi
derivatives sufficient to.trigger the ethylene- .ppm. resist
* responsive mechanism in the plant. .- In the aqueous liquid concentrates normally : mate
It is a major advantage of the phosphomc sold in commerce the concentration of the 90 25 Fy
" acid -derivatives used according to this inven- phosphonic acid derivative(s) may advantage- . inven
tion, as compared with the generality of known * ously be in the range of from 10%, to 30% . comg
plant growth regulators, that they tend to be (by weight). regul
cheaper, which reduces initial manufacturing The compositions may sometimes with more
cost, and they are nearly all water-soluble advantage incorporate surfactants and/or dis- 95 30 acid
which reduces the cost of formulanon and persing agents and/or  emulsifiers and/or non-.
- application. penetrants and/or sequestrants and/or stabi- solid
~Any derivatives which are not water-soluble  lizers, As previously indicated they may also posit
can of course be dissolved in organic media .sometimes for specific purposes incorporate cont
or in aqueous media including. organic co- other plant growth regulators and/or herbi- 100 35 posit
solvents, or dispersed in aqueous media includ- cides—though it is perhaps more realistic : plan
ing surfactants and/or dispersing agents and/ to envisage the phosphonic acid derivative(s) T
or emulsifying agents. The. phosphonic acid as additives for herbicidal compositions rather
derivatives may also be dispersed in or on than the reverse. The compositions when
‘pulverulent .solid carriers such as vermlcuhte, aqueous may wherever necessary incorporate 105 C
attaclay, talc and the like. organic co-solvents to aid in solubilization
The compositions based on liquid media of any water-insoluble compounds.
will normally have a water-thin consistency,  As regards stability, especially of the liquid ocatec
and can then be -applied with any form of concentrates as mormally sold in commerce, it gz:hloroc
conventional .agricultural spraying or like should be noted that few if any of the phos- 110 acid
equipment. The compositions based on solid phonic acid derivatives are wholly stable upon
carriers may be applied in the form of powder  prolonged storage in the presence of moisture,
or granules by the appropriate conventional unless they are stabilized against break-down. | - .
distribution equipment. Although the preferred . Even the most stable of these phosphonic acid 2-chloroe
method of application is directly to the foliage derivatives are liable ultimately to break-down, 115 - hosphot
.and stems of the plants, the plant-growth and the preferred (halo/phosphono)—ethyl : P
regulating compositions containing- the phos- phosphonic acid derivatives are on the whole '
phonic acid derivatives are efficacious when especially troublesome in this respect. Since
applied to the soil in which the plants are even non-aqueous compositions cannot wholly :
growing, since apparently they can be root- be protected from moisture it is very desirable- 120 _
absorbed to a sufficient extent to yield the that all the compositions should contain a stab- 75 Ini
desired plant responses. - ilizer. . sho:
‘While it is clear that in applymg the phos- . ~ We have found that in ‘general the phos- .~ ~ ably
phonic acid derivatives to standing crops and phonic acid derivatives may most readily be Th
other vegetation the significant factor is the stabilized against water or moisture by incor- 3125 lod
- quantity of the plant growth regulating phos- porating an acid therein to ensure that the 80 tati
phonic acid "derivative which is assimilated pH is never greater than 5. The term “acid”
by the plants, we have already previously in this context is used broadly to cover any .
indicated the broad ranges of application rate - material capa‘ole of imparting the des1red pH :
per unit area of ground which in the majority value _ ,

130
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speci fic device enbodi nent,
«BLLOLOgy (for probing and neasuring.the contours of surfaces). _ -
—~ean-be - USed gETAn ST ~AFM® 6r° KSOM devi c&- - The™ i nvent i ve probe i s set " "

Summary of the Invention

a probe device,

Thi s i nvention invol ves,
t hat can be used for

forth i claimi1. Preferred forns of the device are set forth in the

dependent cl ai ns.

e prqbe -

device tferm nate in a planar end surface--advantageously oriented o)

perpendifcul ar to the axis of the cylinder--enables accurate positioling and

hehice pdsit1on-deterninations of thelgPtd .device at | ocations of a §urface
magf, the ganpl e hedimBaldiss 36 ARDEHadBge RS- PEMD Bssochled Witk ine SHHEISIRE) fdr tHTRScel N the -
thieUr f acgq And foleenchipbrate taltaffering) @gehOioSiintaie g b ipriafingt Migecqly alveconiovri affixidgas t he
serflorm of fa cylhapiof ¢ epippsition st thidesichdtvelnni priatédolabebfor ttgo thovetsf [The directions 40
clent of 5 or less. - . will normally specify that the composition,
the * 70 5 Whether liquid-or solid, the compositions after dilution if necessary, shall be applied .
100 ' cannot (except by extra-ordinary special pre- broadcast to the plant-containing locus at a
1352 cautions) be wholly. freed from moisture, and rate corresponding to between 0.1 and 30
y10 "even in the presence.of acid/buffer systems pounds of the phesphonic acid -derivative(s) 45
ately - as suggested above the possibility of hydrolytic per acre, mostly between } and 16 pounds .
ence 75 10 break-down of the phosphonic acid derivatives per acre, and preferably between £ and 4
cre). with consequent release of ethylene cannot be pounds per acre. Alternatively the directions
-also excluded. This problem presents dangers, may specify application to the plant in a
egu- - particularly with concentrates of the types diluent at a concentration therein of between 50
nore - normally solid in commerce, because the 1 and 48,000 parts per million, and preferably .
usly 80 15 released ethylene can build up pressures within  between 10 and 10,000 ppm. .
lvent - the container, which moreover is liable to be In order to illustrate the biological effects
d/or corroded by the acid compositon, and ethylene of the phosphonic derivatives of this invention,
is a flammable gas, there are presemted below a series of Evalua- - 55
ation It is therefore a specific preferred feature tions. These evaluations demonstrate the effect
acid g5 20 of this invention to provide a concentrated of the compounds.of this invention in increas-
I o "~ composition, as - described above, packaged ing yields and tillers while minimising lodging
1,000 within a stoppered, non-frangible, pressure- in cereals; reducing the height of annual :
resistant container formed of chemically-inert grasses and dicotyledons; increasing yields in 60 :
aally . material. : o beans and peas; inducing flowering, particu- )
the 90 25 Furthermore, it is also a feature of this larly in pineapples; inducing fruit abscission;
age- invention to provide an article of manufacture giving freeze resistance; and increasing the
30% comprising in combination a plant-growth recoverable food content of plants. :

_ regulating composition, which contains one or S .
with more of the previously-specified phosphonic EvALUATION I 65 -
dis- 95 30 acid derivatives together with an aqueous or This Evaluation demonstrates the use of a :
d/for non-aqueous liquid medium or a pulverulent = compound of this invention to increase crop
tabi- solid carrier, within a container for said com- yield. It shows that compounds of the inven-
also - position, and instructions supplied with said tion can increase the fruit number and the =
orate : container as to the manner in which the com- weight of the aerial parts of Phaseolus vulgaris 70
erbi- 100 35 position contained therein is to be applied to (varieties of snapbean and kidney bean) when :
listic : ‘plants in order 1o regulate their growth. applied in aqueous solution at the first tri- |
ve(s) ~ The instructions will preferably be physi- foliate stage at the rate of 1.12 kg/ha.
ather . : . S
:1{1;2 105 S Results (60 days after treatment)
ation Compound of the ' : ' - -

invention Plant variety - Pods/plant - Plant Weight (grams)
;‘émg_ , pyrocatechol cyclic ester -of Snapbean -
shos- 110 2-chloroethyl-phosphonic : .
upon acid : Control . 6 : ) 29
iture, . oo ST B
owa. treated 15 70
acid .
ﬁtvﬁ;i 115 ;ﬁ;ﬁgﬁy;dd Kidney bean .
vhole : Control 20 . 83 .
Since S e e
holly _ treated 25 134
rable 120 . S ' , . _ .
stab~ 75 In this Evaluation the treated plants were also compound of the invention to increase crop.
- . shorter, with heavier stems, and had appreci- yield. _
shos- ably more lateral shoots than the controls. Young tomato- plants (Lycopersicon escu- 85
y be The effects are desirable, in that they reduce lentum) were sprayed at the two-leaf stage -
ucor- 125 lodging and give greater crop bearing vege- with aqueous solutions of the butyl and
t the : 80 tation respectively. : 2-hydroxyphenyl diester of 2-chlorocthyl-
acid” phosphonic acid at a ratc of 2.24 kg/ha.
'iargl' EvVALUATION II Inspection ten weeks later showed increased 90
p
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The fact that the | owest region.of th

in a
surface
The device

This Evalu_ation demonstrates the use of a

flowering as well as increased fruit yield.




of the surface of the sanple body. The probe's sidewalls advantageously are
coated with a suitable |ayer, such as an optically reflecting | ayer, for
confinement of the light inside the fiber. probe-tip.especially-if..and. when
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‘FIG 1 is an elevational diagram partly in.cross section, of a fi-b@b_e

t he probe”i s used Tor-"NSOM"4ppl i cati ons™ " Bri ef ~Descri-pt ion of “the’ Draf g sk

enbodi nent of the invention;- . FIG 2 is a horizontal
cross-secj.ional diagram of the device depicted in FIG 1; and S 9
FLG 3-6.%re elevational cross-secti'®*di agrans of a fiber probe dbvi ce —_—
during successive stages of its fabrication in accordance with a specific

enbodi{ nent of fhe Tnven . N1 r T Ne ke of] clarity, none
of th&Fl GURES|Lis tao angt?*“g‘?‘s?‘p d Ss)céﬂp%twf’%n”d%m? - Referring

device in an early stage of its fabrication in accordance into a sp _Cé'z_/'_ :

D

Det ai |

to FIG 1, a fiber segmemtolslO, -typical

Treated Plants

y an opticasl fiber
53

. The treated plants were appteciaBly more
branched, had many root primordia developed
along the lower stem but were the same height

compound. of this invention to increase crop
yield. . o
It shows that a representative cyclic ester

e deatee e e ke e 4R it e e

con

- 5 as the controls. The increased branching indi- = of the invention, namely the. pyrocatechol 15 -
cates that the compound of this invention can cyclic ester of 2-chloroethyl-phosphonic acid, 5 —t
indicate rooting which should result in more can increase fruit count and weight when on
vigorous plants and a better up-take of water _applied in aqueous acetone solution to Phaseo- tan
and nutrients. ' o lus vulgaris (varieties of snapbean and kidney
L bean) at the third trifoliate stage. It will be 20
10 . -Evarvation HI. noted that the most cffective application rate
This Evaluation demonstrates the use of a was 0.28 kg/ha.
Results 7 weeks later
_ Plant variety Rate Kg/Ha. Fruit Count ‘Weight (grams)
Kidney bean Control (0) 23 . 100
~0.28 32 - 136
0.56 27 , 130
' Snapbean Control (0) 2 8
0.28 110 19
0.56 93 _ ' "1l
_ i EVALUATION IV sprayed at the third trifoliate stage with aque- | _
25 This Evaluation also demonstrates the use ous alcohol solutions of the 4-chloropyro- 30 :
of a compound of the invention to increase catechol cyclic ester of 2-chloroethyl-phos-
potential crop yield. " " phonic acid. The results of an inspection 3
Pinto bean plants (Phaseolus vulgaris) were  weeks later are reported below.
Treatment : : L
Rate, Kg/Ha Leaves Flowers It
— : —. L 15 f
-Control .(0) 1. 23 : 1 .. ing
1.12 - a1 | 5 e
224 o2 5 L2 fe

35 These results illustrate axillary stimulation, .Prince”), were treated with aqueous solutions . .

providing more potential sites for fruit.

-EVALUATION V
. This Evaluation also demonstrates the use
of a compound ‘of the invention to- increase
40 crop yield. . . : :
.- French beans, variety Dwarf bean (“ The

of 2-chloroethyl-phosphonic. acid at a rate of

0.5 kg/ha at the 1}—2 true-leaf stage. The
crop was harvested twice and, as the following - 45
results show, an increase in yield per plant
over that of the control ‘plants was noted at

the second harvest. =
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typically takes the formof a solid circular cylinder
typically made of teflon,
of the glass fiber
it can have a '~
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" Treatment

Average yield per plant (gms)
et 2nd harvest ,

Contrél (0)
2-chlorethyl—phosphomc acid

6
27

EVALUATION Vi
This Evaluation demonstrates the use of a

compound of the invention to induce flowering -

—that is to say, to “force” all the flower buds
on the plants to bloom substantially simul-
taneously—in pmeapples

The following overall results were obtained
when pineapple plants were inspected 62 days
follomng spray treatment with the compounds
spec1ﬁed below

Compound testedand | Application rate o flowering
- pineapple variety - lbs;/acre and induction. .
Smooth Cayenne N
| controt. ~ 30%
| 3-chloroethyl-phos- | - - , N '
| phonic acid .1 in 50 gallons water | 100%

2 in' 50, gallons. water | 100%

4 in 50 gallons watct : 1009,
| Red Spinish - |
.Control - 25-%.

- 2-chloroethyl-phos- .'

phonic acid 12 in 200 gallons water 100%,
4 in 200 gallons water 100%
8 in 200 gallons water 1009%,

Slmultaneous flowering is des1rab1e, in that
it tends to results in substantially simultaneous
fruiting—thus reducing the number of harvest-
ing periods to gather the total crop.

Evarvation VII
This Evaluation also demonstrates the use

of a compound of the invention to induce -

20 ml. portions of 2—c1ﬂoroethyl-pho§phonic'
acid in aqueous solution at the rates indicated
below were applied to the crown of pineapple

plants of the Smooth Cayenne Variety, and
the following results were seen when the plants
were mspected 89 days later.

ﬂowermg
~ Application rate (ppm)  Flower induction
. Control (0) T15%
1,000 - 100%
- 10,000 100%,

10

25



-4- The fiber segnent 10 is imersed (FIG 3)

in a wet
essentially isotropic etching solution 50,

typically a buffered oxide

_etching solution 50--such.as a saolution conposed of 2 parts (7:1) huffered....
. oxi de et ch,

Herr]O: The acetic and Herr]O conponents hel p di ssol've the accunul ation

1 part hydrofluorlc acid, :1 part acetic acid, and 1 part .

of unwanted residual -material on the fiber surface during etching. The_
et ching solution 50 is containedin a container 60, and it has a | eve

" TV P et T e

i that intlersects -the fiber segnentIEMHywmereby an entire (lower) Yo

or t

"t-he surface of theEVf JR

After the fTH@ﬁw&@ﬂH@Qﬁm
a—pre

ment 10 i Sy.5LHpRNg QQueblﬂ bRBonS Mbrkitab £i@d 50.
Bng Shd@@Nofl NATRIcHREhtrkibntol @0,E0PPMIG p
t e Foitic ednpamdu lof thafxmtentrm to jitduees splaness oft the Redal

fil

plt i on 50 for'
-‘ﬁmmsfhmm mdAps,  3--t hat

i s, thi ck upper. sglig ‘yI@WﬂPBGEWH%Eﬁfaﬁmgﬁ i.e., inthe form
of a SOPI d g?ra?ns o the owmgp osphoni - o
a _ - Compound ' Flower induction
Bis(add chloride) of 2-chloroethylyphosphonic acid 100%, '
The pyrocatechol cyhc &ster of 2-chloroethyl-
phosphonic acid - 100% .
The mixed butyl and 2-hydroxyphenyl dmter of E c‘;{
2-chloroethyl-phosphomc acid 100%, tiesif.
' 5 T
The'use of compounds of this invention on plants had flowered naturally in the same that
pineapples also has other important effects. period. _ o ~ forn
For example, it causes general growth inhibi- - EVALUATION IX 25 stexy
tion of the plant—giving a.smaller plant aid “This evaluation demonstrates the use of the .. that
15 allowing more plants per acre. It also inhibits 'mvenuon ‘to increase yields and to reduce L 10 the
' the growth of the peduncle (the stem on which  lodging. '
- the fruit grows), thus helping to prevent lodg-’ Plots of 60 wheat plants (Trmcum aesti- St
ing and possible fruit damage ans1n° there- . vum) at the four-leaf stage were treated with 30 i
.- from (sun-scorch).’ aqueous solutions of certain compounds of this
20 Inspection of a pineapple plantatmn used invention, and the following results were noted
ds a control plot showed that only a small ' when the plants were inspected four months
percgntage (about 20%) of the pineapple .later Tillering
Treatment: Compound; Averaoe plot wheat head
Rate in kg/ha _ welght (grams)
Control (0) 26.4
.2_cm°methyl-phosphomg _actd L Farly B
~ LI2 411 '
2.24 25
448 4.9 A
" ) 20 1
pyrocatechol cylic ester of. sho:
2~chloroethyl-phosphonic acid - . the
. . o - the
1.12 38.2 c T eph
' - 25 less
2.4 -40.9 : mel
4a : -app
. 4.48 - 42.5 and
: _ ; - C left
The term “lodging” describes the falling ' EvALUATION X . 30 .allh
over of the plant for reasons such as weak This Evaluation also demonstrates. the use 45 unt
stems, heavy head, high winds and so on. It of a compound of the invention to mcreasc _shg
is undesirable, since it makes harvestmg very yields and reduce lodging. T o :
40 . difficult. Winter wheat. (Triticum spp.) plants were stat
.- Moderate lodging was observed in the sptayed at early boot stage with aqueous: - 35 L
control wheat. but none was found in the . solutions of the diphenyl ester of 2-chloro- 50 - . the
. treated plants, _. . . ethyl-phosphonic acid; results are. recorded :':r‘
- "bclow .




cylinder--termnating in a tapered internediate (transition) region 22, in
the formof a tapered solid circular region, and termnating in a
telatively thin lower cylindrical region 24, .in the formof another solid

circul ar” cylinder. For exanpl e, “di aneter of the upper region 23,

of the fiber segnent is typically equal to approximately 125 pmor nore.
After -having been etched with the solution 50, the thin-Iower region 24
a di ameter 2R (FIG 3) typically-equal to approxi mately 50 pm as -
deg erm phed” bm‘the time duration of thgiggdersion. Wth tH 2
——U%‘—for exompu e, vertita = positiontng-nicronet er apparatus (not" shovvn) ‘or
:gf;% t el estopi ¢ noni.toring-apparatus—thefiper—segrent—i-s—partat-Hyy Wit hdrawn
md Mertically fromift he Beashémng spl utde @ro®d ( FI C% X dhy o pr.gdet er mi ned
' te itipn: r‘;g d,
di’ sta e d. Typilcal Rg t‘“ﬁ(%a di §t arfebigpn; g t RSB pr oxi PArE% ¥ had of 5 pm
to 2, QOD pm. -adviant aggas appr oxinat el y 50 pm.to 5 pmos|sn thils way, the
| ocati oh of the jetching soI utfon-air intefface.is nmovied al on t hg fiber
segment | 10 -towarld its1iBwer epdfacd:3The | mer¥ibn of| t he Miber degrrent “in
the sol ption 50 js thgn,contipued {ps anofher fHredetefm nelq @mount of ti:me
. _ 4C . .
‘until the resultjng width 2R-A of e lowkst region 27 of the fi bler becones:
Teducedlto a prefdet er mi4ssed - 151 -36.9 - 5.0 R
The %, growth inhibition is a measure -of Evaruation XI
: reduction in stem length (plant height). It is This Evaluation demonstrates the use of a
. desirable so as to prcvcnt lodging. compound of this invention to iricrease yields - _
.5 The term “boot stage™ describes generally and reduce lodging. o
: same that stage in a cereal crop. when the ear has - 2-chloroethyl-phosphonic acid was applied 15
- formed within but not separated from the to winter wheat at cither the tillering stage '
25 - stem, “Early boot stage” is the beginning of or the early boot stage. The following was
of the B that_stage, “late boot stage” the end (when .. noted when the crop was harvested. -
reduce 10 the ear just protrudes from the stem) : o
.aesti-- - . .
4 with 30 Stage of - Rate Growth Yield, % Lodging
of this treatment Kg/Ha inhibition %, increase %
neted : '
aonths - L _ Control (0) — - 89.1
‘Tilleting = S 1.3° 17.21 1. 3
- 2 . .22 - -] ~-38.15 58.3
4 2.3 2051 86.3
Control (0) — — - 95.5
Early Boot S 7.3 ' 36.76 " 36.6
| | 2 ~12.2 36.76 - - 15.0
b -4 15.1 36.90 . 5.0
20 The compound of this invention showed 2 ' EvALUATION XII
shortening effect on the plants: the higher Thls Evaluatxon demonstrates growth regu- 40
the rates and the later the date of application, lation when using a compound of -this inven-. .
. the greater the shortening effect. Straw short- tion. It will be noticed that the time - of
" - ening observed after the first application was application is not very important though early
25 less than that obrained with the second treat- application gives greater inhibition (mani-
ment. The shortening effect after the second fested as a reduction in internodel distance 45
application became visible between the last leai and resulting in reduced lodging) than late
and the ear, i.e. there was hardly any space ~ application.
left between the last leaf and the ear. Also,  In this Evaluation, aqueous solutions of
3 30 all plots treated gave better yields ‘than the 2-chloroethy1-phosphomc acid were sprayed on .
tuse 45 untreated, this yield increase being better with. winter whea*. on three successive: occasions 50
rease _the second treatment. In the early boot stage operated by intervals each of the order of -
_ lodging- was reduced considerably, ie. the one month. The plots were inspected three - -
were " stability of wheat was increased. weeks after the last application and it was
eous 35 Tillers are secondary stems growing from noted that the overall stem lengths were
‘oro- . 50 the same seed as the main stem and at the shorter in the treated plants than the control. 55
rded very base of that stem. The “tillering stage” Comparison of the internodes showed that the
: 1s when these tillers begin to grow. growth inhibition effect was manifested at the -




desired value, typically to approximately 30 pm At the sane tine an
I nternmedi ate cylindrical region 25 (FIG 4) of height d is thus forned,
| ocat ed above the etching solution level and having the sane dianeter 2R as..

[P EFPHR S e

THat of the (previous)s T ower reglon 24*TT3(3 3)° Next | e et
bottom face.of this |owest region 27 is cleaved, advantageously, in a plane

oriented perpendlcular to the (connnn) ‘axes of the upper region 23 and-: S
Jomest reglon 27, as by neans of ‘a fi-ber -cl eaver ai ded by opti cal o _

m cr oscopix V|emnng or- other m crofggéeyzzcontrol | ed procedure.
t he hei-

t o gplant t1p at the time of each ‘application.

i they RRAbAl R R e piame

compared with the controls, the second appli-

I n u”ns

same effect on the top internode. This 'is
shown from the following data in which the
distance from the lower. edge of the ear to
the first node is considered to be the first 10

equal
Thi.s

"5 cation had ‘the same effect on the middle node distance; all measurements are in cenn- :
Yo  internodes whereas the last application had the meters. - Tre
I ' - . ] Cor
First Inter- S_econd Inter- Third Inter— _ . :
nodal " nodal nodal . Fourth . Cor
o . Internodal Internodal Internodal’ Inter-

- Treatment Rate Dist. Dist. Dist. nodal - . "Cor
Control .~ — 9 | u | 23 | 10 18] 5 13 . Cor
2-chloroethyl- TR R N S " Con
phosphomc acid | 1 1- 38 | 10 | 28 | 9 | 19 5 14 _

s 1 2 34 [ 8 28 8 20 | 6 - 14 _ —_
s .| .4 33| 7| 8 | 8| 2| 6| 1w | 3%
. : - : . tille
—— — : EE - whe
In another evaluation on winter wheat, the ~ Test plots of winter wheat (variety Genesee) 5 " iille
15 * sensitivity of the. weed Apera spica venti to . were planted in September and the plots were pro
: compounds of this invention was noted sprayed with an aqueous solution of 2-chloro-’ nan
ethyl-phosphonic acid in the following May tille
- : EVAI.UATION X1 ) when the developing grain heads were 1 mm 25 T I
. This Evaluation demonstrates the use of a in length, The crop was harvested in mld-]uly : 10 - acic
‘compound_of the invention to incredse crop and the following results noted. (eg
20 yleld spri
' . . iny
_ Treatment - Rate Yield increase 9% '
- 3 . Kg/-Ha-
ot f = -
2-chloroethyl- .28 | 1
phosphonic acid ' SR A
: S .56 1. 17 .
. 1.12 25 - :
— S . - . indi
o EvarvatioN XIV " solution’ of 2-chloroethyl—phosphomc ac1d at’ © 30 vege
. -30 Thls Evaluation demonstrates the use of a the pre-tillering stage and a second set (II) o
- - compound of the invention to- increase crop was treated with a similar solution at the - T
-+ yield and tillering, and to réduce lodging. FULLY TILLERED JOINTING stage. The " com
_ Spring wheat (variety. Opal) was planted in- plots were inspected immediately before 40 . yiele
“test plots which were treated as follows. One ~ harvesting and rated for average lodgmg and 35 i
35 setof test plots (I) was sprayed with an aquous  average number of tillers, . o a; u
. -of 't
' . €thy
. . Fou
40 " heac
. whe
94 ¢
for

. . trol
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predet erm ned reduce value h (FIG 5),

and the tip thereof is a

pl anar surface oriented perpendicular to the axis of this lower cylindrical

to 1, 000}
The fi ber
etching g
Igﬁél 52
riiOR of th

ich the -
ear 10
je first
1 centi--

10

'Fourth :
Inter- -
- nodal
13
" 14
14
14

cnesee)
ts were '
chloro-
g May
1 mm
id-July

25

cid at -
st (I - -
at the .
e. The
before
1g and

40

Dl =ihe approxingte range of 0.05 pm
R ETIC B COtUST™ e'appromrnue rafge of 1T pmMTo 5 pmT
I s advisabl e that the ratio d/h be in the approxinmate range of
and advantageously in the approxi mate range of 10 'to 100
segnment again is inmmersed (F G 6)
ol uti on 50,

\\
in the essentially- |sotrop&éii>~

f or .anot her. predeternn&ed time duration, to a solution’

thatlﬁntersects t he segnent at 189%%¥el | ocated typically, abovg the
e tapered . _ _ '
} ' - T!le résults. are shown-_as follqws: =
. : : Posage Yield increase |  -Height Tiller
» Treatment Plot Rg/Ha =~} % - -Lodging %
Contol | .. L — — 114 4.75 50
. Compound 1.1 11 105 5.28 50
" Compound . . 2.2 TS 111 5.54 54
" Control B —_ g 106 — 47
Compound 1.1 1 99— 36
* Compound 2.2 3 89 — 12

10

When.ap.plication ‘was made at the pre-

. tillering stage (I) tillering was increased but

where the plots were treated at the fully

tillered stage (at which point the plants had -

produced all possible tillers) it was not,

. naturally, reasonable to expect an mcrease in

tillering.
In other tests using 2-chloroethy1-phosphomc

-acid on winter wheats of different varieties

(e.g. Carsten and Genessce), summer wheat,
sprmg wheat, and some hard wheats, increase
in yields were agam noted, as was a bencﬁcml

reduction effect on lodging. The same was

‘true for other cereals particularly oats, barley,

rye.and r:ce )
** . ‘EVALUATION XV

15

This -Evaluation demonstrtes the use of a

cortipound -of ‘the ‘invention to increase crop
yield and reduce plant height.

- Cotton plants (Gossypium hirsutum) were
sprayed when squares (the boils) were just
forming, with agueous solutions of 2 - chloro-
ethyl-phosphonic acid. The following results

- were recorded ten weeks later.

The increased ‘yield of cotton is apparent.
The ‘reduction in plant height is useful, being

. indicative of a general réduction of non-aseful

vegetanon
EvVALUATION XVI

. This Evaluation demonsnates the usé¢ of a
compound of the invention to increase crop

35

yield.

Barley plants (Hordeum spp.) were treated

at the four-leaf stage with an aqueous solution

_of the pyrocatechol cyclic ester of 2-chloro-

ethyl-phosphonic acid at a rate of 2.24 kg/ha.

- Four months later, the average weight of barley

heads from 60 treated plants was 111.0 grams,

- whereas for the untreated plants the figure was
‘94 grams. This gives a yield increase of 18%,

for the treated plants over the untreated con-
trol plants

Treatment o . Change in plant - |
Rate kg/Ha . Bolls/Plant height
 Control (0) 19.1 —
Chaz 203 - +2%
2.4 '.24j ” flz%
4.8 26.0 - =13Y%

' '-Ev-'ALUA'rzoﬁ Xvil

‘This "Evalitation demonstrates the use of a

compound of the invention to -increase stem

fotmation (tlléring) -and ‘reduce overall stem
_height. Summer barley (variety Impala) was

sprayed with aqueous solutions of 2-chloro-

ethyl-phosphonic acid, with or without urea, at

the 132 leaf stage and the plants inspected

some 10 weeks later. The following results were

obtained, from which it will be seen that the
compound of this invention — either alone or
with the ureca — decreased the total plant

height (thus decreasmg any tendency foward |

lodging) while increasing the average number

of stems per plant (thus increasing potential

crop YICld)

20

25

45
50

55




region 22 and that

which it comes

the fiber segoent is still

in contact.

reduced di amet er equal
nost. an insignificant amount.

Li

I sotropically etches those portions of the fiber with
In this way the resulting lowest portion 30 of
gmcnlld circular cylinder but having a further

kew se,

Tegion 29 is reduced by at nost an insi gni ficant anount.
the diameters of the resulting intermediate cylindrical

of the f.i be{4 are reduced
-cyl~| ndr i ced—+egts . S
(d/W of the helqht dof this in

terrredi ate reQ| on 29 to |ts vm

At the
regi ons-

sane i ,
29 an

I n pal‘tICU|1£i§4 sshe diameter of the interngdiate

e}
h Wis

I n

" This Evaluation demonstrates. the use of a
compound of the invention to reduce stem
5 height. Test plots of winter Rye were sprayed

" EVALUATION XViII

aqueous/acetone soluuon (containing a dis-

when the second node Was visible with an

_ This Evaluation demonstrates the use of a
. compound of the invention, in connection with
~well known herbicidally active compounds, to
. increase the effect of these herb1c1da11y active

15

Rate Kg/ﬁa :

»

Treatment - Stem height Cm .
Control | — 110
-~ 2-c1ﬂoreethyl-. - L e - o
phosphonic acid 1 97
e 2 87 .. ..
" 75

The reduction i in stém height helps to reduce lodging tendencies.

EVALUATION XIX

compounds
Plots of perennial grasses, mainly Agrosus

followmg results noted.

7 spp., Agropyron repens, Dactyks, Lolium and
Holcus moliis, were set up and after being cut
‘were treated with certain compounds and com.
binations thereof -as specified below. Two
months later the plots were inspected and the

persing. agent) of 2-chloroethyl-phosphonic
acid. A month later the plots were examined
and the following noted

ithe approximat¢ range of 1 to 100, raRd iis =WsRLAEEPUIwm brrapdie | appr oxi mat e
irange of-1-to 0. At Trkemdno(hti qn Kg/He hd sol () on | gvel - Spt a mgni scus of
ithe etch| ng solmﬁﬁ@roauce a g_r.adﬁai trapered ranSI[éOH bgt ween
gregl__on_s of thelfiber di atel-\ above dnd | diately bel"ow the sol ution.
il .evel 52, as i ndicledoatyld n FI|G §. The rgsulting | owgst -region
{30, the resul t il mbosphoniereddi gt e~ rlegi-@s 49 and8R1, and the.4ipper fost region
23 all take thg form of nutdall ) co I all soli 513. cyl i nders, %ypl cally
ccircular cylinders. The dia utter w 0T the | owest .portlon 33 o
s .| 2-chloroethyl- |- _ :

.| phosphonic acid urea 2435 3.8
e 2-chldroethyl—.- _ . :
. phosphonic acid — -4 4.5
‘ P 2-~chloroethyl- S VU Y : o
ot phosphonic acid urea | 4435 4.3
Py |

P

!

10

20

13

to W, while the hei ght R THEreor T8 Teduced by atewmsms.
the height d of the-internediate

10




~imersion.in the solution 50 is allowed to continue.

the width of the tip of the resulting probe (FIG 6)--can be adjusted to
any desired value by adjusting the anount of tinme during which the

This width w can be as
smal | as approxi mately 0.01 pm-and as-.large as 150 pm or rmre--typl cally in .
‘the approxi mate range of 0.05 pmto 0.5 pm. .and advantageously in the ;C .
approxnmate range of 0.05 pmto 0.2 pm-depending on the ultiimately d d-
met r ol dgi cal

use of the probe when nmeasuring. sanpl e surfaces, i.e.,

_deendijng o't he desired netrol ogi calL.¥?&8| uti on of the measur ement 35t o be
‘nhde byt t he TTber duri ng 1ts suosequent USe a5 a prODe gevi Ce Typrcarl y,
=} such u _I n\ot VES b(,o_llllll g te ST face o bd.llpl e ooty W_ T Cpl ohe )
Vhi | e\J;EoI dirg the p.robﬂe%ﬁl&lgtr)an el ect ro:F'e fiﬁ fee:jbacg‘g1 ?5
_ rrecham ism  ds—known..in t al 1_of ich di anrpq are tprl zed by
mutual ljy Control "Thi s
i's the jrepl 3 S-CEIF” ﬁ[leet -
phosphomc acid . - 4 6
— Maleic hydrazide 4 8
2-chloroethyl- 1 ' ' '
phosphonic acid Maleic hydrazide 4+4 . 5
_ —  |FENAC - 2 ' 9
2-chloroethyl- a Y P
phosphonic acid FENAC 442 | R 1
- - 2-chloroethyl- 3 - | - .
a dis- | phosphonic acid FENAC - o842 : 5
sphonic ' . . T
amined | MSM{\. 5 8
' 10. 2-chloroethyl- : S T
phosphonic acid - | MSMA 445 - 5
FENAC = 2,3 6-mchlorophenylacenc acxd (as the sodium salt)
(FENAC is a Registered Trade Mark) '
~ MSMA = monosodium acid methane arsonate, - _ .

In other treatments using mixtures of 2- thls added act1v1ty is the result of stlmulatxon 15
chloroethyl-phosphonic acid, FENAC and ' of ‘the plant causing . increaséd intake of.the -
MSMA (4+42+5), scores of the order of 4 herbicide.

5 were obtained. . EVALUATION XX.

The scoring method used in this table is a This Evaluation shows the need of a com- .
logarithmic score based on 9 as no effect what- pound of the invention to stimulate plant 20 =
soever and 1 as complete control, ‘This system growth;

i and - is - that. adopted by the European Weed Mature Johnson grass (Sorghum halepense) .
ing cut - 20 10 Research Council. was sprayed with an aqueous. solution of the
d com- - The results demonstrate that combinations pyrocatechol cyclic - ester of 2-chloroethyl--
. Two of a compound of this invention and certain phosphonic acid; three weeks later, the 25
ind the -known herbicides act as stronger contro] agents. rhizomes were dug up, weighed and .dried.
c than the herbicide alone. It is believed that The resuits are given below. :
- Treatment: - Rhizome dry weight,
Rate, Kg/Ha - grams
Control (0) 1.2
112 4.5
2.24 42
. The treatment also caused development of and reduce lodging. Peas (Pisum sativum) were 35
30 -axillary buds at the crown. area and along the sprayed at the 9—10 trifoliate leaf stage with
rhizome axis. _ aqueous solutions of the 2-chloroethyl mono-
EVALUATION XXT - ester of 2-chloroethyl-phosphonic acid. Results

This Evaluation shows the use of a com- were recorded one month later.

pound of the invention to reduce stem lengths :

. .




-6- equal conponents of force (for the case of AFM in the direction
perpendi cular to the overall surface of the sanple body. The
predeterpined tine du i Mmer.si ons. for. the_etchings. (ELGS & 3- 4

b
i
N
]
b
i
|
H
]
Ly

;in order to obtain a de5|red predet er m ned helght and dianmeter, and hence a
of the internediate regi'on 29, as mekg§;
I C

and’ 6) “cdn e det er AT REE By Y Tal and error, or by TEleSCopT C HONi T O i

. desired predeterm ned stiffness,
“thus to obtain a desired predetern1ned mechani cal

resonance character

i
!
i
l
z

30

10

- 35

16 ' ' 1,194,433 : R 17

- Treatment
Rate :

Stem length

(o decrease)

'iédging -

Conuol (o)
0.5

2.24

4.48

— Ali plants lodged.
6 " | Plants slightly more -

19 "Most plants erect

25 | an plants erect and

‘erect than control.

and 10 cm higher
than controls

20 ¢cm ‘higher than
controls.

The results demonstrate the decrease in
‘stem length, resulting in shorter, stronger stems
and thus allowing the plants to stand erect
,(thus hlgher than the control plants). .

EVALUATION XXII _
" This Evaluation demonstrates the, use of a
compound of the invention to increase crop
-yield and decrease lodging. An aqueous solution
of 2-chloroethyl-phosphonic acid was sprayed

on edible peas (for canning) -either at the -
" 6—9 leaflet stage, the preflowering stage or

the stage at which 2 to 3 flowers had formed.
Observations were made one month later and

it was found that a clear anu-lodgmg eﬁcct

. was apparent in each case.

The crops were later harvested and it was

“found that there was an overall increase in

yield from the-treated plants. This was more

apparent at the lower rates (say 0.85 kg/ha).

‘EVALUATION XXIII

Another Evaluation performed on peas usmg.'
- aqueous solutions of 2-chloroethyl-phosphonic

acid showed an increase in the number of pods

per pea plant, the actual results being as

follows.

“T'reatment

. Rate kg/Ha

Average number
pods/plant

.| 2-chloroethyl- .
phosphonic acid

Control i ) -

_ 1.12

s 22U
AR s

8.7

9.95
8.9
9.41

: EvaLvaTioN XXIV

- This Evaluation demonstrates the use of a
compound of the invention to increase tiliering
-and retard terminal growth.

Oat seeds (Avena satwa) were soaked for .

six hours in 50 cc of various aqueous alcohol

solutions containing the pyrocatechol cyclic .

ester. of a 2-halo-ethyl-phosphonic acid. The
seeds were planted and the plants inspected
seven weeks later; the results are reported

below. Economically useful biological effects—
thus earlier. sprouting and flowering — were
observed when tubers (e.g. potato, yam and
cassava) were given a soak in sojutions of

compounds of this invention and then planted.

In the case of early potatoes especially, there
seemed to be an acceleration of the plant
growth which allowed the treated plants to be

'harvested some days earlier than the controls.
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During operation of the resulting fiber segnent as a probe device-i

It

frequency ar

amplitude of
r

r -of both,

.e., as

I's noved across a sanple surface to be neasured--a change in resonant
a—vibrating fiber probe,

can be is

used tojdetect attract'ive or shear surface forces. The stiffness of ‘the o
intermedi ate portion 29 can be adjusted in.order to enhance the sensitivity
- of ‘the fti ber probe to attractive and shear forces fromthe sanple suykage.
~ The sfifif ness and. nmechani cal ' resonance characteristics of the fiber prfbe
t hifs card be tH¥ 1 ored. _by adJ usting the and width of. this intermdli at e
f+ber pgrtion.29. For. use as an NSOM devi.ce, the sidewal | s of
t he "por i ons 22, 29, and 30.advant ageou P8 are coated with an thlcal Iy
ref | eqtrifng layer such as a netallic layer like chromium or the fiber
segrreﬁ’f 10 has a cofe re'gfegﬂe,ﬁmjtec cl addi ng regjbg.\,a,aﬁbis knovvn infthe art
(whereby the cl addi pg—+egron—teHget-s—optieat—radaton—tdurngijt he NSOM
use), ol both. ntpln(0f s d Plape Norp#r segnent 10 (FIG 1) has a
cladding as ‘wel |l as & phANARY IRERY Sth Miahicl Blin HRFolsnBinBRaséEM qeVi ce, an
STM devifce, or an -N:ﬁﬁﬁﬁwl cgsgvﬁE renédag. Cl &ddi ng 1s desirabl e--the dianmeter
of the gore (in whigth th¥ phmeni cal| Plants same height as controls, slight increase m '
S ' R e number of tilfers. _
100 ppm. Plants same height as oontrols more tillers than
' : at 0 ppm S
1000 ppnﬁ. Plants shghtly shorter than ounuols, shghtly
R moretﬂlers than at 100 ppm.
g effect 15 — - . .
S The results show an increase in the tiller compeund. of this invention to increase lateral
it was count and hence potential yield, and show that branching. Rooted cuttings of privet (Ligus- 10
‘ease 1n at high- concentrations there is a retardation frum wulgare) were sprayed. with aqueous .
3s more _ 5 in the terminal growth of the plant (thus reduc- solutions of the pyrocatechol cyclic ester of
kg/ha). 20 ing lodging tendencies). 2-chloroethyl phosphonic acid, Observations. at
: ' ' six and sixteen weeks showed the following.
. . EVALUATION XXV T o -
1s using Th1s Evaluation demonstrates the uses of a
sphonic
f pod — '
Eoingoa: 0 Treatment - Observations -
: Six Weeks - Sixteen Weeks
Control (0) Terminal bud growth | Total Height—33 cm
_ only, no- lateral 9 shoots/plant
. ‘bud growth, L
Treated with 4.48 Lateral bud growth: Total Height—45 cm
: ' at majority of nodes | 20 shoots/plant.
of stem; terminal .
growth retarded.
Treated with 8.96 Lateral bud growth | Total Height—45 cm_
observed at majority . | 20° shoots/plant.
of nodes of stem in- :
greater numbers than
fects— -at 4.48 rate; ter= _
= minal growth more
_‘Wﬂg 0 " retarded than at
m an : | 4.48 rate.
ms of . .
'alﬁed‘- Treated with 17.6 | Much lateral bud Total Height—48 cm -
» there ‘| growth on stem nodes; | 22 shoots/plant..
_ plant. 5 terminal growth .
i to be 4 greatly retarded.
atrols,




conposition is uniform

approxi mate range of 2.5-to-3.5 gm

been di scl osed in detail
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~invention.
be made of any materi al
~be clkeaved to forma (planar) tip endface.
" by ul trasqgic agitation.
"he che :
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© results
-mature foliage, which is very .useful in

For exanpl e,

inah. gno

M gloie

Con

T

EvaLvATION XXVI
‘This Evaluation shows . extensive termmal.
_growth inhibition,
Topped tobacco (Nicotiana tabacum) plants

 (plants having had the top growth removed)

were treated with an aqueous solution of 2-
bromoethyl-phosphonic acid at the rate of 100
mgms.. per plant. Ratings made two weeks later

.. showed no sucker growth from the buds on

‘the top part of the treated plants, whereas the

control plants (topped but not treated) had -

suckers developing from the top three nodes
but no sucker development from basal nodes.
There was some development of auxiliary buds

. on the basal portion of the treated plants from
-buds close to the soil line. This shows that the

Is larger than w (FIG 6) by an anount

in terms of a specific enbodinent,
nodificati ons can be made W thout departing fromthe scope of the ™
i nstead of optical.
that can be etched as descrl bed above,

in the

Al t hough the invention has

fiber, the fiber

dfthibitiem ofitas Inap

This Evaluation demonstrates use
herbicides to control perennial grasses.

segnent
and
The wet etchings can be
"The two etq@hﬂg sol utions (FIGS 3, 4, -ang 6) can

gstendaﬁronsdne '
Eg% edet i Bigsto] lpterplcbyde fovmrtheptess 3 4, and Gads
%@&ﬁﬂsf’ be, essepbh@hhyy S8 OPic.

with

_vari OUS g -

25

In an Evaluation using. 2-chloroethyl-phos-

phonic acid, alone or in combination with 3-
amino-1 2,4-tnazole or ammonium thiocyanate,
control of quackgrass (Agropyron repens) and
bentgrass (Agrostis tenuis) was achieved at
rates of from 2 kg/ha of 2 - chloroethyl-
phosphonic acid, The herbicides alone needed
higher rates.
EvaLvaTioN XXVIII :
Rose (Rosa. spp.) varieties Europeana (flori-

bunda) and Mr, Lincoln (Hybrid-tea) were
_sprayed to run-off with aqueous solutions of -

2 . iodoethyl - phosphonic acid prior to nursery.
field harvest. Observations made seven' days
later are as follows.

Treatment

Observations

% Defoliation

. Control (0 ppm)

500._p§m.-
_ obscissing.
1,500 ppm. | As for 500.

4,500 ppm.
_ . green.

10,000 ppm.

desication.

No abscission, foliage
normal dark green..

-] Initial leaves at base
of plant chlorotic and
All leaves abscxssmg

All leaves abscissing
green, some leaf

0

5—10

10—25
95100

ppm

o100

Abscission is literally the “falling off” of
the leaf, as occurs naturally in autumn, The
illustrate = accelerated abscission of

Nurseries, for example when the plants are
~stored over the winter. Leaves on the plant
“-can rot, Wthh is undesirable.

EvALUATION XXIX

30

35

Thls Evaluation shows abscission effects in 50

apple fruit. Apple trees (Malus domestica:

variety McIntosh) were sprayed to run-off with
aqueous solutions of 2-chloroethyl-phosphonic
acid just prior to normal fruit harvest, Fruit

abscission noted ‘seven and eleven days after 55

treatment was as follows:

‘
&lr anced -

19

- (50%
fruit
to bx
Al
(nm
inde
Tl
tests,
nsss
fruit

10

Control

2-chloroet
acid

T
rate
- 0ppo

.30 A

| Control

2-chloroet
phosphon:

N#

It
ethyl
ing 8
fruit

40
- for

Treatment % Fruit abscission Maturity Index-
. 7 'days 11 days Ib/pressure %mrclzlraet:sr;ty '
Control.(_(.) ppm.)' 17_  | 38 6.9 0

500 ppm. 66 100 4.6 34
1500 ppm. 8 . 100 45 35

4500 ppm. 89 100 4.0 2

Tk
in pi
comg




-7 -

to be the sane as,

The solution |evel

egion 22 In such.a-case.

protect|

— 18

rom the . '
em.

se  with
yl-phos-
with 3-
<yanate,
ans) and
eved at
roethyl-
needed

a (flori-
1) were -
tions of
nursery
:n days

35

ects in 50
estica:
ff with
sphonic

. Fruit
s after 55

maturity
crease

35
42

.e polyner

19

resist-

1194743370

— a— there will
% e s e T Eead OF alt ac

hol der 45 and assenbllng them as indicated in FIGS. 1 and 2, a
Iayer can coat the si dewal | s of the upper

the top of the tapered
e no internediate

o

19

rng-the fiber segnent

L —

The results show how early abscission is

" induced causing the fruit to drop off the tree

acceleration demonstrates the effectiveness of
the: phosphonic derwatlves in allowmg earher

15

Aqueouns -solutions of 2-chloroethyl-phos-

undesirable tree damage.

(50% abscission, for example,- equals 50% harvesting.
fruit drop) and enabling harvesting of the fruit EVALUATION XXX .
.5 to be effected earlier. In another apple abscission Evaluation
Abscission was accompanied by ripening (Malus domestica: variety Rome Beauty) were
(maturing) of the fruit, as seen by the maturity sprayed with aqueous solutions of 2-chloro- -
index results. ethyl-phosphonic acid, and the fruit then 20
' The maturity index, based on fruit pressure mechanically harvested 16 days later using a '
. 10 tests, is expressed as a decrease in apple firm- tree shaker (which will remove only those fruit -
- mess or softening of tissue, which indicates  which. are loose). The following results were
fruit matunty The ‘abscission and ripening noted: .
% drop of fruit - % fruit on
: o ‘ ""on tree before tree removed
. Treatment. .. Rate (ppm) harvest - by shaker
{ Controt , — 2.1 81.7
-{ 2-chloroethyl-phosphonic o ' I |
acid - . - o 500 1T ©95.5
- . N 2000 37.5 100 -
EVALUATION XXXI ° sprayed (when the fruit trees were beginning
This Evaluation again shows the increase in  to mature) with aqueous solutions as specified-
rate of harvesting fruit' on trees treated as below, and the trees and fruit were examined
. opposed to trees untreated, - two weeks later. The followmg results were )
30  Apple trees (variety Gravenstein) were obtained: . _ - 35
' . Frat | Ked ~Soluble
' S ~ Rate Fruit firmness colour solids -
Treatment ' ppm. drop % Ib/sq.in). %) (%) -
Control —_ 5 - 143 90.8 11.8
2-chloroethyl - :
phosphomc acid —_— 250 - 41.5 S 13.7 98.7 -12.0
» NAA | 250410 g | 125 97.9 11.8
NAAZ= napthalene acetic acid _ .
It will be seen that the sole use of 2-chloro- phonic acid weer sprayed in run-off on to the
ethyl-phosphonic acid stimulates both loosen- secondary branches of olive trees bearing’
ing and maturing of the fruit. Thus the ripe maturing fruit, At specified intervals there-
40 fruit can be retained on the tree until needed after, valuations were made to determine the 50
for market. force required to pluck off loosened fruit. A
EVALUATION XXXI1I ~ value comparable to 250 grams weight is con-
This Evaluation demonstrtaes the increase sidered adequate to permit the use of economi-
in pickability of fruit on trees treated with a cal mechanical shakers without mcurrmg
45 compound of this invention. 55

52 (FIG 6) optionally can be adjusted
or to be slightly bel ow,

portlon



of the fiber segnment is bonded to the holder 45 by means of an adhesive
medium In this way a sharper neniscus is forned when the fiber segnent is
Imersed forthe first tinme (FIG-3)-in-the etching solution 50, the
protective resist |ayer* being resistant to-the etching. This polymer resist

I 'ayer, -however, is advantageously r enoved (at least in regions that

otherwi se would cone in contact with the etching solution) prior to t@
) segnment 1 ed
for exanple

second-'wet etching (FIG 4). . Finally, the fiber
not have quplrcular cyllndrlcal shapqg@gg can have
el kiptical —e .

e e Moana e s € men -

an-

N
1

. sections have a nHX|nun1w¢dth thaI differ fronlearhAQThpr QHrh non- ??
: . . N
-citcul arjcross sections| can be obtained si nioywdRagUtting a gl ass body into
i such sapeduspection interval :
| after spray 0 ppm . 1000 ppm 2000 ppm 4000 ppm Th
- —. 5 coemp
3 days 521 - 406 505 427 - with.s
9 days 467 451 332 162
: 14 days 403 11 192 92
17 days 31 105 . 4 5
Tt will be seen from these results that Joosen.- EVALUATION XXXII
3 _ ing of fruit was best dchieved after a week Thls Evaluation demonstrates the use of 2
; _ or so of ireatment. At 4000 ppm., for example, compound of the: invention in the “ripening” 15
: - 5 mechanical harvesting was ‘useful after 9 days of citrus fruits. ;
i In each case, however, the treated plants Orange trees (Citrus sinensis): variety
required less force than the controls to pluck Valencia, and tangerine trees (Citrus reticu-
el - off the fruit. The use of compounds of this lata), variety Robinson, were sprayed with °
" invention at rates lower than 1000 ppm and aqueous solutions of the butyl and 2-hydroxy- 20
i 10 in combination with senescénce retardants are phenyl diester of 2-chloroethyl-phosphonic .
il ‘also possibilities and may be useful to remove acid.” Observations are recorded below:
- fruit without causing leaf removal. : : '
. o Colour promotion
- Treatment . % Green % Degreened:
0 (Control) 100 0
100 ppm - 0 1000
" 500 ppm 0 100
~ 5000 ppm i} 100
H . .Oranges for example are usually “stored” This effect is of economic importance as unripe
{ ' 25 on the tree, but they can turn green even fruit are imported into European and Scan-
! " though already ripe and orange, In order to dinavian countries and then artificially npened '
make them acceptable to the public, therefore, before distribution. 40
it is necessary to de-green them. These results : .
' demonstrate this de-greenmv ' EVALUATION XXXV o
. This Evaluation demonstrates use of a com-"
30 .~ EVALUATION XXXIV pound of the invention to increase sugar beet
This Evaluation shows use of a compound of crop yield. :
the invention to ripe bananas, - 2—chloroethyl-phosphomc acid was sprayed 45
Cut banana stalks bearing fruit were arti- -in aqueous solution to sugar beet twice, at an .
~ ficially ripened by being dipped in aqueous interval of three weeks. The beets were T
35 solutions of 2-chloroethyl-phosphonic acid at - inspected six weeks after the second treatment " hea
.~ concentrations ranging from 100 to 4500 ppom. -and the results are shown below: 15 tive
' _ deri
Increase in flow
. ' ] recoverable 100
‘Treatment . Increase in yield sugar per acre an i
. 20 tive
~ Control —_ —

0.9

- kg/ha
- (0.75 1b/acre) +20% +5%
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claim 1.
segnent having a relatively thick upper
——tXlLemty in a first tapered

A probe device

region

rbed y M ! Te that terminates. .
internedi‘dt’e region, the cylindrical internediate region termnating at its"

conpri si ng:
region termnating at
in

its

a fiber
| ower
a. cylindrical..

®

21

10

25

-lower dxtremty in a second tapered region.that termnates in a | owes
cylindrical region; . t he upper region, -the:-cylindrical
i ntermgdi ate ' _ - ~ : - .
] 1 : : o : 194,43
- 3  The valuable increases in yield and in  Johnsongrass (Sorghum halepense) plants
- § . recoverable sugar are apparent. were sprayed with aqueous solutions of 2-
3 O chloroethyl-phosphonic acid just. -before the
] _ EvaLvaTion XXXVI - ~_kore head emerged from the sheath. Observa-
4000 ppm H This Evaluation again shows the use of a tions 12 days later are recorded below:
: 5 compound of this invention in combination S . :
427 ‘with a known herbicide. :
_ 162 Treatment Observations
92 Control Flowering 100% -seed heads 100% developed.
: (no treatment) Plant foliage dark green; terminal shoots
43 vigorous. Little subsurface lateral bud
development. Terminals of rhizomes active
A near soil surface. .
use of a : . i s )
‘ripening” 15 Treated with Flowering inhibited 35%; seed heads
. 2.24 kg/ha of malformed, abortion 50%; panicles failed
variety phosphonic to emerge. Terminal shoots active but
us reticu- derivative leaf tips exhibiting die-back. Subsoil,
yed with - - numerous lateral shoots at the nodes
“hydroxy- 20 varying in size: from 0.5 to 4 cm.
hosphonic o Unsprouted rhizome buds werenormal. -
v “Treated with Flowering inhibited 95%, emerged seed
4.48 kg/ha of heads aborted and malformed; shoot
phosphonic tips exhibited die-back and terminal
derivative shoots dormant; numerous subsoil -
S lateral shoots at the nodes, shoots were
‘active and somc had grown 5 to 8 cmj
growth stopped when terminal bud formed.
Treated with Flowering inhibited 65%; s¢ed heads
4.48 kg/ha of developed norrally; plants shorter and
aminotriazole foliage and stems green. Numerous
alone - basal shoots; some subsoil lateral bud :
e development. Rhizome condition was vigorous.
. as unri Treated with 2.24 . | Flowering inhibited 100%; no seed head
ind S cagf kg/ha of phosphonic | development; plants shorter, foliage '
Iv ripened derivative - brown, bud -stems green. Some basal -
¥ ripe 40 -+4.48 amino- shoots had a little green foliage. The
' triazole ground rhizomes were small in diameter
] and subsoil the base showed little or
of a com- no rhizome development. Some of the
ar beel terminals near the surface that had o
sugar developed as laterals were dead. Although
s spraged 45 -1 other tet;ninal,rhizome buds alive, they were
e, at an : of low vigor.
ccls  were 1 ] .
treasment There was. a decrease in flower and seed kill of lateral buds and reduction of rhizome
" head development when the phosphonic deriva-  vigor. : o
*} Uve was applied alone, When the phosphonic . EvALUATION XXXVII
dcnvapve was applied with aminotriazole, This Evaluation demonstrates use to give
ﬂo\_venqg and seed head development were increased branching. C
100, inhibited, and the results demonstrate © Ornamental shrubs were sprayed to run-off
4 o interaction between the phosphonic deriva- with aqueous solutions of 2-chloroethyl-phos-
We and aminotriazole resulting in improved phonic acid and the plants were inspected 3
" _months Jater and the following noted:




region, and the |lowest cylindrical region having respective maxi numw dt hs
that are nonotonically decreasing; the I owest cylindrical region

havi ng . a naxioumaai-di-hd-nth X £L.ange.of 0.01 pmto 150 pm and
Cternmi natlng at its | oner extremty in an essentially planar .end surface
i oriented perpendlcular to the axis of the lowest cylindrical region; ang;

;the internediate cylindrical region having a height and a maxi num wi dt
taratio in tzge approxi mate range of h}ﬁ&ﬂiao .- 2. The probe dgw

iof cfraiml which the |owest cylin region has a hEI ght—in
apprOX| mat e range of -0 0_5 pm-to 30.0 pm .

- ST | . Branch . Height | T
¥ 241 © Shrub -  Treatment (no.) (cm) ' g’ﬂ
| Chrysanthemum (variety Control (0) = 100 B S
Gipsy) . , - vari
T - 100 ppm - 2 - . 97 witt
500 ppm | 3 87 '

AN 1000 ppm ' 20 T 38

Camnation (pink) | -~ Control (0) - 4 ' 20

o T 100 ppm 5 25

, _ . 1000 ppm | 7 38 5
: Fuchsia  : .|  Control (0) 21 a - ¢
. ; T : B {3}
; — | 100 ppm 33 - 23 2
- Rec
1000 ppm - 31 ) 26 20 wid
It will be seen that in general the treated  EvaLuaTION XXXVIII

. plants were more highly branched that.the In another “branching” Evaluation an
* control. plants, thus giving more -potential aqueous solution of a compound of this inven-
5 flower sites. It will also be seen- that the tion were sprayed to run-off on azales plants. 10

chrysanthemum plants’ heights were reduced. Two months later the plants were mspected
S and the following noted.
. 1
Treatment Rate ' : Observation %l“’;(
" 1 kg/ha Bud formation was stimulated h 30 ing
S and there were many lateral res
_ shoots ‘
2 kg/ha | Very many lateral shoots close - Pl
- | to plant top - 35 n«
; ..oy
: wel
Evaluauons performed using lower rates gave good flower mducnon. '
 EVALUATION XXXIX " in petri dishes on filter paper saturateq with .
15 - This Evaluation shows the use of a com- aqueous solutions of the pyrocatecho] cyclic 20 40 -
pound of the mvcntmn to increase germxnauon ester of 2-chloroethyl-phosphonic acid. Seeds
. rates, : were allowed to germinate in the dark at 25°C _
Lettuce (Lactuca satxva) seeds were placed for 24 hours. Observations are recorded below: ’
. . ' of
Treatment % Germination , :
Control 0) - | 13.1 o 2
10 ppm I 12.3 : . we
100 ppm . 133 .
1000 ppm 31.3 .

Gt

P



3. The probe device of claim2 in which all the cylindrical regions are
essentially silica glass and in which the height of the intermediate region
coibeSiada the'apprOX| mate range..of 5 pmto 2.000.pmand in which. the ratio of

“tHe " hergh “*tHhe i nt er nedi at e region to the maxi mum w dth’ of the
internedi ate region in the approximate range of 1 to 100. 4. Th
probe dgvice of claim2 in which all the cylindrical regions are '
essenfiblly silica glass and in whi ch the height of the internediate reglon
[ S 2n the approxi mate range of 50 pnn,ﬂ!ﬁ,ﬁﬁ)@ pmand in which the rat23:

s SE t hE'r epT aceneEr SPT?O%TXL phonic acxd Elcven days later the plants

Teisht™ =y . This Evaluation demonstrates the use of a were pre-cooled at +2° C for one hour and

cight RN o - compound of the invention to’ unpart freeze _ then kept at —54° C for 2 hours and twenty 10

(cm) 3 damage resistance. minutes. The frozen plants were then cultured

100 - 5 Seedling beans (Phaseolus vulgans); in.a greenhouse and the followmg data was

-~ variety Blue Lake, 2% weeks old, were sprayed recorded .

97 with aqueous solutions of 2 - chlorethyl - phos- . :

87 - Treatment A Plants surviving freeze.

38 " Control (0) _ 0

20 " 200 ppm .. 100 — no damage

25 2000 ppm 100 — no damage :

38 . N o R

15 Evarvarion XLI ~ phosphonic acid. Eighteen days latér the plants
21 - This Evaluation also shows freeze damage were pre-cooled at +2° C for one hour and -
* resistance. ) - then kept at —6° C for 2 hours and thirty
23 - Apple codlings (Malus domestica) variety ' minutes. The frozen plants were then cultured
Red Delicious, two weeks old were sprayed -and the following data recorded. 25
26 20 . with an aqueous solution of 2 - chloroethyl- . S :
Treatment % Plants sutvtving_ freeze .

ition an ' ; —

is inven- Conttol 0

a plants. 10 Co - U

inspected © 200 ppm. . 100

It is apparent from the results of the fore- . The increase in flowers is to be noted' at.
going evaluations that the phosphonic deriva-  the low rates of treatment. Little or no growth 55
tives of this invention are capable of impart- retardation. was observed at .these rates.
30 " ing a wide variety of plant growth regulating . : .
L _responses ' _ EVALUATION XLIV
EVALUATION XLII French beans variety Dwarf bean “the‘
- An aqueous solution” of 2 - chloroethyl- Pririce” were treated with aqueous solutions
phosphonic acid was sprayed on to growing of 2 - chloroethyl - phosphonic acid at the 60
35 rice (Oryza sativd) and the plots were later rates indicated at the 13—2 true leaf-flower -
inspected for tillers, The followmg results bud stage. The following increases in total
were obtamed - yleld were noted
ey i Rate (ppm) Eﬁectwe tzllers ' 'Treatment ' Total yzeld’ per plant (gms) :

Ted with 0 - .. 100 Control 41 - 65

3 gelic 20 0 . 6 113 1025 46

X ] . .

at 259C 125 118 ,0.50_ . 48..

1 below: The increase in tillers at the very ‘low rates EVALUATION XLV .

of treatment is to be noted. : 20 ml portions: of 2 - chloroethyl phos- ~
o ' , phomc acid in aqueous solution were applied 70
Evarvarion XLIII at rates of up to 10,000 ppm to ornamental
45 Cucumber plants were sprayed with an plants of the Bromiliadaceae family, and in-
aqueous solution of 2 - chloroethyl - phos- creases m flower induction were observed
phonic acid at the 1 - true leaf stage. They: . 2
. were then inspected at the 13 - true leaf stage, - ) EVALUATION XLVI T .
and the following noted. 2 - chloroethyl - phosphonic acid was spray- 75
; ] - ed as an aqueous solution on to winter wheat
- 30 Rate (ppm) No female ﬂawers infested with Apera spica venti, Inspection of-
S 0 _ 2—3 the plots later showed suppression of the seed.
w0 62 . 13 head formation of the Apera, in addition to.
i . 250 One every node the beneﬁcxal effects on the winter wheat o 80
'::_ '-'"‘- B ,n PR ITIIE Pde L el "“\ I b .‘".."-'T R} . Lot ‘: =§.
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the approxi mate range of 1 to 10.
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The biological evaluations given above
have been chosen from the extensive data
available more to illustrate the range of plant
responses attainable in a wide variety of plants
in accordance with this invention than to illus-
trate the plant growth regulating activities of
a broad range of the phosphonic acid deriva-
tives, However, it should be noted that essen-
tially similar effects can be secured with other
phosphonic acid derivatives herein disclosed,
notably those specifically named, though natur-

ally the rate of application may need appro-

priate adjustment.

In order to illustrate the compositions of this -

invention reference is first made to the biologi-
cal evaluations set forth above. It will be noted
that aqueous solutions of 2 - chloroethyl phos-
phonic acid, its pyrocatechol cyclic ester, its
rixed butyl and 2 - hydroxy - phenyl cyclic
ester, its 4 - chloro - pyrocatechal cyclic ester,
its 2 - chloroethyl monoester, its bis-(phenyl)
diester, as well as 2 - bromoethyl phosphonic
acid and 2 - ioodoethyl phosphonic acid are
used. As also indicated above, the phosphonic
acid derivatives specified in the biological
evaluations may be replaced by other pre-
viously-named phosphonic acid derivatives.

The aqueous solutions may as also indicated ".

above contain organic co-solvents such as al-
cohol and/or acetone and/or methyl - ethyl-
ketone. Although not indicated in the bio-
logical evaluations, the aqueous solutions em-
ployed usually contained minor quantities -of
acctic acid to adjust their pH value to less than
5, and in at some cases a buffering agent was
also present. The aqueous solutions as applied
to the plants were prepared by diluting concen-
trates with water. The concentrates contained
approximately 10—15%, by weight of the
phosphonic acid derivative(s), and were stored
in stoppered polyethylene or polypropylene
containers, marked with instructions to dilute
the contents with water to yield the desired
concentrations in the solutions for application
to the plants and/or soil. :

The phosphonic acid derivatives used in
the processes and compositions of this inven-
tion are in some cases new compounds, but
we make no claim herein to them as such.
Equally, we make no claim herein to any pro-
cesses for the preparation of these compounds,
whether previously known or unknown, as it
is believed that the preparation of such phos-
pbonic acid derivatives is in general within
the competence of any skilled chemist. Certain
advantageous processes for the preparation of
the mixed diesters have been  described in
British Patent Application Nos. 8757/68 and
8758/68. The processes there described may
be briefly summarized as the transesterifica-
tion of a substituted or unsubstituted catechol
cyclic ester of a 2 - haloalkyl phosphonic acid
(obtained as described by Kabachnik e al,,
Izvest, Akak. Nauk. SSSP, ok.hn., (1947),

" page 97 — Chem. Abstracts, 42, 4132¢) at
room or slightly elevated temperatures not ex- '

ceeding 60° C.

WHAT WE CLAIM IS:—

1. A process for regulating plant growth,
in which there is applied to the plant an effec-
tive amount of a plant growth regulator com-
prising one or more phosphonic acid deriva-
tives conforming to the general formula

I om
R—k’<
OH
where R is a vinyl, allyl, haloethyl, halopropyl,

methoxy - ethyl, carboxymethyl or phosphono- .

ethyl group, and/or the corresponding acid
chlorides and/or anhydrides and/or amides
and/or hydrolyzable mono- and di - esters
and/or salts thereof. :

2. A process for regulating plant growth in

65

70

75

80

which there is applied to the plant an effective -~ -

amount of a plant growth. regulator compris-
ing one or more phosphonic acid derivatives
conforming to the general formula

0

| O(CH,).—Re
R—P<

0.(CH,),—R*

in which one of x and y is 0 and the other is
0 or 1; R* is a vinyl, ailyl, haloethyl, halo-
propyl, methoxyethyl, carboxymethyl or phos-
phone - ethyl group; R? is a hydrogen atom or
a substituted or unsubstituted phenyl group;
and R® is a hydrogen atom or a substituted or
unsubstituted phenyl group or a halogen-sub-
substituted or unsubstituted, saturated or un-
saturated hydrocarbon chain containing from
2 to 12 carbon atoms.

3. A process for regulating plant growth
comprising applying to the locus to be treat-
ed an effective amount of a plant growth
regulator comprising one or more (halo/phos-
phono) - ethyl phosphonic "acid derivatives
conforming to the general formula

)
1Y
X—CH,CH.P<

where X is a halogen atom or a phosphono '

—PO(Y) Z group; Y is a chlorine atom or
an —OR* group; R* is a hydrogen atom, a

salt-forming cation, a substituted or unsub-

stituted aryl-, arylmethylene-, heterocycyl- or
heterocycylmethylene ~ group, or  the
X.CH..CH,.PO(Z)-group; and Z is de-
fined as (but not necessarily identical to) Y
or is an oxyhydrocarbon group wherein the
hydrocarbon chain may be substituted or un-
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5.

The probe device of claim1 in which the | owest cylindrical

a hei ght

In the approximate range of 1 pmto 5 pm
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device of claiml1 in which the maximumw.dth of the | owest cylindrical.

reghondls_in tpe ?pproxinate range of 0.05 pmto 0.2 pm .
probe device of claim6 in which the fiber -is essentiall il q

'.The probe device of claim1l in wh ' y silica gl ass.
'CyllndH

8.
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cal  region
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The biological evaluations given above
have been choscn from the extensive data
available more to illustrate the range of plant
responses attainable in a wide variety of plants

_ in accordance with this invention than to illus-

trate the plant growth regulating activities of
a broad range of the phosphonic acid deriva-
tives. However, it should be noted that essen-
tially similar effects can be secured with other
phosphonic acid derivatives herein disclosed,

notably those specifically named, though natur-.
ally the rate of application may need appro-

priate adjustment.
In order to illustrate

that aqueous solutions of 2 - chloroethyl phos-
phonic acid, its. pyrocatechol- cyclic ester, its
raixed butyl and 2 - hydroxy - phenyl cyclic
ester, its 4 - chloro - pyrocatechal cyclic ester,

" jts 2 - chloroethyl monoester, its bis-(phenyl)

diester, as well as 2 - bromoethyl phosphonic
acid and 2 - ioodoethyl phosphonic. acid are
used. As also indicated above, the phosphonic
acid derivatives specified in the biological
evaluations may be replaced by other -pre-

_viously-named phosphonic acid derivatives.
" The aqueous solutions may as also indicated .

above contain organic co-solvents such as al-
cohol and/or acetone and/or methyl - ethyl-
ketone. Although not indicated in the bio-
logical evaluations, the aqueous solutions em-

- ployed usually contained minor quantities -of
 acetic acid to adjust their pH value to less than

5, and in at some cases a buffering agent was
also present. The aqueous solutions as applied
to the plants were prepared by diluting concen-
trates with water. The concentrates contained
approximately 10—15%, by weight of the
phosphonic acid derivative(s), and were stored

_in’ stoppered ~ polyethylene or polypropylene
~ containers, marked with instructions to dilute

45

.50

55

. British Patent Application Nos. 8757/68 and .

60

the contents with water to yield the desired
concentrations in the solutions for application
to the plants and/or soil. '

_The phosphonic acid derivatives used in
the processes and -compositions of this inven-
tion are in some cases new compounds, but

- we make no claim herein to them as such. -

Equally, we make no claim herein to any pro-
cesses for the preparation of these compounds,
whether previously known or unknown, as it
is believed that the preparation of such phos-
phonic acid derivatives is in general within
the competence of any skilled chemist. Certain
advantageous processes for the preparation of
‘the mixed diesters have been described in

8758/68. The processes there described may
be briefly summarized as the transesterifica-

tion of a substituted or unsubstituted catechol -

cyclic ester of a 2 - haloalkyl phosphonic acid
(obtained as described by Kabachnik et al,

- Ievest. Akak. Nauk. SSSP, okhn., (1947),

) the compositions of this -
invention reference is first made to the biologi-
cal evaluations set forth above. It will be noted .

- page 97 — Chem. Abstracts, 42, 4132¢) at

room or slightly elevated temperatures not €x-
ceeding 60° C. : S

WHAT WE CLAIM IS:— .

1. .A process for regulating plant growth,
in which there is applied to the plant an effec-
tive amount of a plant growth regulator com-
prising one or more phosphonic acid deriva-
tives conforming to the general formula

o) S

| OH

R~—P<L S
OH

where R is a vinyl, allyl, haloethyl, halopropyl,
methoxy - ethyl, carboxymethyl or phosphono-
ethyl group, and/or the corresponding acid
chlorides and/or anhydrides and/or amides
and/or hydrolyzable mono- and di - esters
and/or salts thereof. : _

2. A process for regulating plant growth in
which there is applied to the plant an effective
amount of a plant growth. regulator compris-
ing.one or more phosphonic acid derivatives
conforming to the general formula

o |

| O(CH)—R®
RI—P< 3}
0.(CH,),—R®

"in which one of x and y is 0 and the other is

65

The

&

70

(E]

80

85

0 or 1; R* is a vinyl, allyl, haloethyl, halo- '

propyl, methoxyethyl, carboxymethyl or phos-
phone - ethyl group; R* is a hydrogen atom or
a substituted or unsubstituted phenyl group;

and RS is a hydrogen atom or a substituted or

unsubstituted phenyl group or a halogen-sub-
substituted or unsubstituted, saturated or un-
saturated hydrocarbon chain containing from
2 to 12 carbon atoms. . '

3. A process for regulating plant growth
comprising applying to the locus to be treat-
ed an effective amount of a plant growth
regulator comprising one or more (halo/phos-
phono) - ethyl phosphonic acid derivatives

‘conforming to the general formula

0

| 0y
' X—CH,.CH,.P<

z

where X is a halogen atom or a phosphono .

- —PO(Y) Z group; Y is a chlorine atom or

an —OR! group; R* is a hydrogen atom, a
salt-forming cation, a substituted or unsub-
stituted aryl-, aryimethylene-, heterocycyl- or
heterocycylmethylene  group,
X.CH,.CH,.PO(Z)-group; and Z is de-
fined as (but not necessarily identical to) Y
or is an oxyhydrocarbon group wherein the
hydrocarbon chain may be substituted or un-

or the
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approxi mate range of 0.05 pmto 0.5 pm

claim1l in which the upper region is coaxial with the |owest cylindrical
_region 10 -A-netrologi cal nethod.including.the.step. of. moxing.td
probe“ﬁeV?ce reC|ted i‘n claim1 across a siifface of "a ‘sanpl e body. ~

11. Thg device of claim1 further |nclud|ng an optlcally r ef ting

| ocat el on thel I“lﬂfmﬂl I“" Iml lﬂma | ovvest cyI i ndri cal reg| on. @ 45)“9

%.4—— - 25 1,194,433
32¢) at 65 )
not ex- A substituted, saturated or unsaturated; or Z and  of 2 - chloroethyl phosphonic acid.

" gt R*  together form .an — ) 17. A process as claimed in any of the pre-

- s § —0.CH—0—, —C0.0—0— “or ceding claims in which the plant growth regu-
srowth, ' . —CONH—Q— linkage, where @ represents lator employed is or includes the salicyclic acid
leffec= 70 5 a divalent, substituted or -unsubstituted ben- cyclic ester of 2 - chloroethyl phosphonic acid. 70 "
r com- zene or heterocyclic ring. ~ 18. A process as claimed in any of the pre- '
deriva- 4. A process as claimed in any of the pre- ceding claims in which the plant growth regu-

a ceding claims in which the plant growth regu- lator employed is or includes the 3 - hydroxy-
lator employed is or includes 2 - chloroethyl phenyl monoester of 2 - chloroethyl phos- .
~ 10 phosphonic acid. _ phonic acid.. 5
- 5. A process as claimed in any of the pre— - 19." A process as claimed in afy of the pre- :
ceding claims in which the plant growth regu- cedmg claims in which the plant growth regu-
- lator employed is or includes the anhydnde of . lator is or includes the bis - (2 - oxo - pyr-
2 - chloroethyl phosphonic acid. rolidinyl - methyl) diester of 2 - chloroethyl '
ropyl, 75 15, 6. A process as claimed in any of the pre- phosphonic acid. 80
shomo~ - ceding claims in which the plant growth regu- ~ 20. A process as claimed in any of the pre-
> acid _lator .employed is or includes the bis-(acid  ceding claims in which the plant growth regu-
imides chloride) of 2 - chloroethyl - phosphonic acid. lator employed is or includes the mixed phenyl
esters 7. A process as claimed in any of the pre- and o - hydroxy - phenyl diester of 2 - chloro-.
80 20 ceding claims in which the plant growth regu- ethyl phosphonic acid. 85
»th in : - lator employed is or includes the pyrocate-. 21.-A process as claimed in any of the pre-
‘ective chol cyclic ester of 2 - chloroethyl phosphonic  ceding claims in which the plant growth regu-
npris- acid. lator employed is or includes the o - hydroxy-
atives 8. A process as claimed in any of the pre- phenyl monoester of 2 - chloroethyl phos- :
85 25 ceding claims in which the plant growth regu- - phonic acid. 90
- lator employed is or includes the 4 - .chloro-- 22. A process as claimed in any of the pre-
pyrocatechal cyclic ester of 2 - chloro - ethyl ceding claims in which the plant growth regu-
phosphonic acid. lator employed is or includes the mixed-iso-
9. A process as clalmed in any of the pre- propyl and 2 - hydroxy - phenyl diester of 2- '
30 ceding claims in which the plant growth regu-  chloroethyl phosphonic acid. 95
_ . lator employed is or includes the mixed ethyl 23. A process as claimed in any of the pre-
her is and 2 - hydroxy - phenyl diester of 2- chloro- ceding claims in which the plant growth regu-
halo- ethyl phosphonic acid. lator is or includes the mixed octyl and 2-
phos- ' 10. A process as claimed in any of the pre- hydroxy - phenyl diester of 2 - chloroethyl
ym or 35 ceding claims in which the plant growth regu- phosphonic acid. - 100
coup; lator employed is or includes the mixed butyl =~ 24. A process as claimed in any of the pre-
ed or and 2 - hydroxy - pheny! diester of 2 - chloro- cedmg claims in which the plant growth regu-.
-sub- ethyl phosphonic acid. | lator employed is or includes the salicyclic
e 11. A process as claimed in any of the pre- acid cyclic ester of 2 - chloroethyl phosphon— C
from 95 40 ceding claims in which the plant growth regu- = amidic acid. ' 105
lator employed is or includes the mixed pro- 25. A process as claimed in any of the pre-
owth pynyl and 2 - hydroxy - phenyl diester of 2- ceding claims-in which the plant growth regu-
reat- chloroethyl phosphonic acid. lator employed is. or includes the mixed hexa~
owth ' 12, A process as claimed in any of the pre- decyl and 2 - hydroxy - phenyl diester of 2-
shos- 100 45. ceding claims in which the plant growth regu- chloroethyl phosphonic acid. 110
tives lator employed is or includes the bis - (penta- 26. A process as claimed in any of the pre-
chloro - phenyl) diester of 2 - chloroethyl ceding claims in which the plant growth regu-
phosphonic acid. lator employed is or includes the mixed tri-
_ 13. A process as claimed in any of the pre-  decyl and 2 - hydroxy - phenyl diester of 2-
50 ceding claims in which the plant growth regu- chloroethy! phosphonic acid. 115
lator employed is or includes the 2 - chloro- 27. A process as claimed in any of the pre-
= ethyl monoester of 2 - chloroethyl phosphonic ceding claims in which the plant growth regu-
_ acid. lator employed is or includes the 2,3 - pyri-
0n0 14. A process as claimed in any of the pre- - dine - diol cyclic ester of 2 - chloroethyl phos-
10r 105 55 ceding claims in which the plant growth regu- phonic acid. 120
n, 2 lator employed is or includes the bis - (phenyl) 28. A process as clalmed in any of the pre-
sub- diester of 2 - chloroethyl phosphonic acid. ceding claims in which the plant growth regu-
- or 15. A process as claimed in any of the pre- lator employed is or includes 2 - bromoethyl
the ceding claims in which the plant growth regu- phosphonic acid or one of its derivatives. - -
de- 110 60 lator employed is or includes the tetrachloro- 29. A process as claimed in any of the pre- - 125
'Y .pyrocatechol cyclic ester of 2 - chloroethyl ceding claims in which the plant growth regu-
the phosphonic acid. lator employed is or includes 2 - iodoethyl
un- 16. A process as claimed in any of the pre- phosphonic acid or one of its derivatives.
_ ceding claims in which the plant growth regu- 30. A process as claimed in any of the pre- =
5 Jator is or includes the saligen cyclic ester 130

9. The probe device of

ceding claims in which the plant growth regu-
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12. A netrol ogical

recited in claim1ll across a surface of a sanpl e body.
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- fore application to the plants in accordance
- with the process of any of claims 1 to 40,

lator employed is or includes 2 - fluoroethy!
phosphonic acid or one of its derivatives.
31. A process as claimed in any of the pre-

. ceding claims in which the plant growth regu-

lator employed. is or includes 2 - phosphono-
ethy! phosphonic acid or one of its derivatives.

32. A process as claimed in any of the pre-
ceding claims in which the plant growth regu-
lator is applied to the plant-containing locus
at a rate from 0.1 lbs/acre to 30 Ibs./acre.

33. A process as claimed in claim 32, in
which the application rate is from } Ib /acre
to 16 lbs./acre.

34, A process as clanned in claim 32 or
33, in which the application rate is from %

“1b./acre to 4 Ibs./acre in aqueous solution.

35.: A process for the regulation of plant

“growth as claimed in any .of the preceding

claims in which the plant growth regulator is
applied to the plant in aqueous solution con-

- taining a concentration of the phosphonic

acid derivative(s) of from 1 to 48,000 parts

- per million,

36. A process. for the regulation of plant
growth as claimed in claim 35, in which the
concentration is from 10 to 10 000 parts per
million..

37. A process for the regulation of plant
growth as claimed in any of the preceding
claims and substantially as herein described.

38. A process for the regulation of plant
growth as claimed in claim 1 and substan-
tially as herein described with reference to the
foregoing Biological Evaluations.

39. A process for the regulation of plant
growth as claimed in claim 2 and substan-
tially as herein described with reference to the
foregoing Biological Evaluations.

40. A process for the regulation of plant
growth as claimed in claim 3 and substantially
as herein described with reference to the fore-
going Biological Evaluations.

41." A plant growth regulating composition
for use in the process claimed in any of claims
1 to 40, which comprises one or more of the
plant growth regulators as defined in any of
claims 1 to 31 in a concentration of from

1 to 48,000 parts per million in a liquid sol--

vent or dxspersxon medium or in a pulverulent
and/or granular solid carrier.

42. A plant growth regulatmg composmon
for use in the process claimed in any of claims
1 to 40, which comprises one or more of the

plant growth regulators as defined in any of -
claims 1 to 31 in a concentration of from 10
.to 10,000 parts per million in a liquid sol-

vent or dispersion medium or a pulverulent
and/or granular solid carrier.

43. A plant growth regulating composition
in concentrate form, intended for dilution be-

which comprises one or more of the plant
growth regulators as deﬁned in any of claims

1 to 31 in a concentration of from 109 to 309/,
by weight.

44. A plant growth regulating composition
as claimed in any of claims 41 to 43, which
also contains one or more surfactants and/or
dispersing agents and/or emulsifiers and/or
penetrants and/or sequestrants and/or stabxll-
ZErs.

45. A plant growth regulating composition
as claimed in any of claims 41 to 44, which
also contains one or more other plant growth
regulators.

46. A plant growth regulating composmon '

as claimed in any of claims 41 to 45 which
also contains one or more herbicides. _
" 47. A plant growth regulating composition
as claimed in any of claims 41 to 46, in which
the liquid solvent medium is water containing
organic co-solvent(s).

48. A plant growth regulating composition
as claimed in claim 47, in which the co-sol-
vent is or includes ethyl alcohol, acetone or
methyl - ethyl - ketone.

49. A plant growth regulating. composition
as claimed in any of claims 41 to 48, which
contains an acid in an amount sufficient to
impart thereto a pH value in the presence of
water of § or less.

50. A plant growth regulatmg composmon:

as claimed in any of claims 41 to 48, which
contains a buffering agent to maintain ‘the pH
value of the composition in the presence of
water at 5 or less.

51. A concentrated plant growth regulating
composition as claimed in any of claims 41
to 50 and intended for dilution to operative
concentration before application to plants,
which comprises from 10%, to 30%, by weight

of one or more of the plant growth regulators

as defined in any of claims 1 to 31 packaged
within a stoppered, non-frangible, pressure-
resistant container formed of chemically-inert
material,

52. An article of manufacture comprising in -

combination a plant growth regulating com-
position as claimed in any of claims 41 to-51,
a container for said composition, and instruc-
tions physically associated with said contain-
er as to the manner in which the.composition
contained therein is to be applied to plants
in order to regulate their growth,

53. An article of manufacture as claimed
in claim 52, in which said instructions specify
that the composition, optionally after dilution,
shall be applied to the plant-containing locus
at a rate corresponding to between 0.1 and

30 Ibs. of the plant growth regulators as de-

fined in any of claims 1 to 31 per acte.
54. An article of manufacture as claimed

met hod including the step of noving the probe device
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in claim 33, in which the 'specified applica-
tion rate is between  and 16 lbs. per acre.
55. An article of manufacture as claimed
in claim 53 or 54, in which the specified appli-
cation rate is between % and 4 Ibs. per acre.
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56. An article of manufacture as claimed in 58. An -article of manufacture as claimed
claim 52, in which said instructions specify’ in any of claims 52 to 57, wherein said in-
that the composition, after dilution if neces- structions are substantially in accordance with
sary, shall be apphed to the plant in a diluent * “the directions hcreinbcfore set forth.
at a concentration thercin of between 1 and
48,000 parts per million. - .+~ _For the Applicants, -

57. An article of manufacture as claimed SANDERSON & CO.,
in claim 56, in which the specified concentra- Chartered Patent Agents,
iaon is between 10 and 10,000 parts per mil- 97, High Street, Colchester, Essex.
jon,
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