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FROCESS FOR INCREASING RICE CROF YIELD

CROSS-REFERENCES

This application iz a continuvation-in-psart of 1.

Ser. No. 066,938, filed June 25, 1987, now abandoned.

5 FIELD OF THE INVENTION

The invention relates to a method of increasing rice

crop vield which comprises applying to the plant

phosphonic acid plant growth regulator.

BACKGROUND OF THE INVENTION r
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wherein R, Rl and R2Z are as hereinafter defined, are known

to induce growth regulating responses in plants,

responses are exemplified but not necessarily limited

ethylene or ethylene-type responses. It 1is known

15 ethylene and other gases affect the growth cycle of plants,
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although the mecﬁanism of this effect is not fully
understood. The phosphonic acid compounds generically
represented by the formula shown above contain in their
structures molecular configurations which are capable of

forming ethylene or like compounds.

Plant growth regulators such as phosphonic acid are
commonly used to regulate growth of small grain plants such
as barley and wheat. Growth of such plants is regulated by
applying the plant growth regulator during the growth stage
between emergence of flag leaf and boot swelling. This
stage is also described as early to late boot stage. Plant
growth regulators are not comonly used to regulated growth

of rice crops plants.

Fritz et al., U. S. Pat. Nos. 3,879,188, 4,374.661 and
4,471,454, all describe a growth regulation process
involving application of certain phosphonic acid compounds

having the general formula

where

R is selected from the group <consisting of halocethyl

and phosphono-ethyl; and
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R1 and Rz are selected from the group consisting of

v

(a) chlorine, hydroxy, and salts thereof;

(b)Y the group DRz and the group —— - 0 ——— CHzRs

where each R 1s one member of the group of
5 unsubstituted aryl, substituted aryl and

heterocyclic groups;

(¢) the group —— ORas and the group —— 0 ——CHzRa
where each Ra is a different member of the group
of hydrogen, unsubstituted alkyl, substituted

10 : alkyl, unsubstituted aryl, substituted aryl,
heterocycle, alkene and alkyne, provided that when
one Rz is selected from the group of unsubstituted
alkyl, substituted alkyl, alkene and alkyne, the
other Rz is selected from the group of

15 unsubstituted aryl, substituted aryl and

heterocycle;

(d) together Ri1 and Rz represent the group

ot



N
\\\\ (Re and Rs are each
- connected to the

Re phosphorous atom by

e a separated single

////// bond)
Rs
where one of Ra and Rs 1is 0 and the
"other is selected from the group of 0 s

— OCHz, CO 0 and CONH, and Res represents a

cyclic group selected from the group consisting of
phenyl, substituted phenyl, heterocyclic ring and

substituted heterocyclic ring;

OR» and the other 1is

(e) one of Ri and Rz 1s

wherein each R7 is the same or different and 1is
selected from the group of hydrogen, unsubstituted
alkyl, substituted alkyl, unsubstituted aryl,
substituted aryl and a heterocycle group, and

wherein R is as previously defined. A preferred
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phosphonic derivative according to Fritz et al. 1is
2-chloroethyl phosphonic acid. This preferred
derivative is claimed to be useful in hastening

ripening in unpicked fruit.

(98]

Jacques, U. Pat No. 3,896,163, describes =&
purification process for separating an aliphatic phosphonic
acid such as 2-chlorcethyl phosphonic acid from 1its

corresponding half-ester.

Hayskawa et al., U. S. Pat. No. 4,152,429, describe a
method for controlling plant fungi and regulating plant
growth comprising applying to the plant a composition
comprising 2-chloroethyl phosphonic acid and a conventional

agricultural fungicide.

Fritz et =al., U. S. Pat. No. 4,240,819 describe a
method for inhibiting plant growth which comprises applying
thereto an effective amount of 2-chloroethyl phosphonic

acid.

Fritz et al., U. S. Pat. No. 4,352,889, describe a
method for controlling apical dominance which comprises
applying to crops an effective amount of 2-chloroethyl
phosphonic acid, ranging from about @.2 1b to about 1€ 1lbs

per acre.



Ethephon 1is the generic name for Z-chloroethyl
phosphonic acid marketed under ETHREL (:), PREP T CERCONE
,. AND FLOREL TM trademarks Ethephon, upon decomposition
by a simple base catalyzed reaction, releases =thylene gas.
The release of ethylene increases with increasing sclution
pH. When ethephon is applied to higher plants, ethylene is

released in plant cells by the following chemical reaction:

Cl- + CHz=CHz + HaFO4

(2-chloroethyl phosphonic acid)

Ethylene is one of the 5 commonly recognized classes of
naturally occurring plant hormones, i.e. Auxins,
Gibberellins, Cytokinins, Abscisic acid, and Ethylene.
Ethylene is known to play an important regulatory rcle in
various physioleogical processes, from germination through
senescence. Ethephon in liquid form provides a convenilent
means of ethylene application to plants and is widely used

in research for studying ethylene-mediated processes.
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Chaudhuri, D., et al., Indian Agriculturist, vol 24,
pp. 169-175 (1980@0) describe rice yield increase with foliar
application of ethephon or other plant growth regulators at

tillering, booting or panicle initiation stages.

Fang, B. C. et al., Shanghai Agricultural Science and
Technology, vol. 5, pp. 11-12 (1982) and Fang. B. C. et al.,
Acta Botanica Sinica, vol 25, pp. 344-351 (1983) described
rice yield increase with application of ethephon to seedings

of double-cropping second season rice at the 5-leaf stage.

Chaudhuri, D. et al. and Fang et al. do not teach rates
of application of ethephon and do not distinguish among the
various growth stages of tillering, booting and panicle
initiation. The present invention teaches a method for
increasing rice crop vield by applving & phosphonic acid
plant growth regulator st specific application rates and at

a specific Plant growth stage.

It is an object of this inventicn to 1increase rice
grain yield by applying phosphonic acid growth regulators at
specific rates and particular stages of plant growth. It is
a further object of +the present invention to increasse the
number of seeds and zeed producing tillers of a rice crop by
applying phosphonic acid growth regulators at rates and
plant growth stages which result in manipulation of certain

plant physiological processes.
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Fris gselected from the group congisting of haloethyl

and phosphonoethyl and

E1 and K2 are =zelected from

{(a) chlorine, hydroxy, and salts thereof;

{b) the group — 3R® and the group -0
CH2R3 wherein each E3® isg a member of the group of
unsubstituted aryil, zubstituted aryl and heterocyclic
groups;

(¢y the group ——— 0OR® and the group —-—- 0 —— TH2R3

wherein each E2 is a different member of the group of
hydrogen, unsubstituted alkyl. substituted alkyl,
unsubstituted aryl, substituted aryl, heterocyclic, alkenyl
and alkynyl with the proviso that when one R3 1is selected

from the group of unsubstituted alkyl, substituted alkyl,
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alkenyl and alkynyl, the other R3 is selected from the group

of unsubstituted aryl, substituted aryl and heterccycle;

(d) together R and R2 represent

R4\\
\ )
R5/

(R4 and R® are both each connected with the phosphorous atom

5 by a separate single bond) where one R4 and R® 1is —

and the other is selected fr:m the group of 0

OCHz= s — - CO 0 and CONH, and R® represents a

cyelic group selected from “he group consisting of bkenzene,
substituted benzene, heterocyclic rings and substituted

10 heterccyclic rings; or

(e) one of R and R2Z, is OR? and the other is:

o

o——- 0
i
~l
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wherein each R7 is the same or different and is selected

from the group of hydrogen, unsubstituted alkyl, substituted

alkyl, unsubstituted aryl, substituted aryl and a
heterocyclic group, and wherein R is as defined
hereinbefore.

Reference is hereby made to the following patents and
patent applications, the disclosures of which are hereby
incorporated by reference; application Ser. No. 817,864,
filed Feb. 23, 1867, now abandoned, and applications Ser.
No. 617,820, now U. S. Pat. No. 3,531,549 and Ser. No.
617,819 now U. S. Pat. No. 3,551,528, both filed Feb. 23,

1867.

The foregoing application specified hereinabove
disclosure preparation techniques for the compounds utilized

in the method of the present invention.

Where the term "halo” is uged, 1t 1s to be understood
that this term means the familiar halogens, 1.e., fluorine,

chlorine, bromine and iodine, so long as an operative growth

regulation compound is obtained.

With reference +to the general formula utilized in the
method of the present invention, preferred groups for
substituent R are haloethyl, for example, 2-chloroethyl, 2-

bromoethyl and 2-iodoethyl. Preferred half-esters of the

11
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phosphonic acid and moiety include the 2-chloroethyl mono-
ester and the 2-hydroxyphenyl mono-ester. Preferred
diesters include the diphenyl and the bis (2-oxo0-1-
pyrrolidinyl-methyl) esters and as mixed esters, the 2-
hydroxyphenyl ester with an alkyl or slkenyl or aryl radical
for example, ethyl, 1isopropyl, propynyl, butyl, octyl,
hexadecyl or phenyl radicals. Aryl groups are preferably
monocyn~lic, and bi- or polycyclic aryl groups may be used
provided a group to render them soluble (e.g., a sulphonate

group), is present thereon. .

The term "alkyl" as usad herein is intended to include
the analogous compounds which have the same growth promotion
properties and 1includes for example cycloalkyl groups. such
as cyclohexyl. Preferred alkyl groups are those having up
to preferably 18 carbon atoms because above this range, the

derivatives are less soluble.

Preferred cyclic esters include those formed with
pyrocatechol or monc- or polyhalopyrocatechol derivatives,

for example 4-chloropyrocatechol or tetrachloropyrocatechol;

with salicyclic acid, with saligen in, and with 2,3-
pyridinediol. Another preferred derivative 1is the acid
chloride.

Specific phosphonic acids and derivatives thereof

suitable for use in this invention include:

12
<
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1. 2-chloroethyl phosphonic acid.

2. The bis(acid chloride) or 2-chloroethyl phosphonic

3. The pyrocatechol c¢yeclic ester of Z-chlorcethyl

phosphonic acid.

4. The 4-chloropyrocatechol c¢yclic ester of 2-

chloroethyl phosphonic acid.

[§N)
f

5. The mixed ethyl and Z2-hydroxyphenyl diester of

chloroethyl phosphonic acid.

8. The mixed butyl and 2-hydroxyphenyl diester of 2-

chloroethyl phosphonic acid.

7. The mixed propynyl and 2-hydroxyphenyl diester of

2-chloroethyl phosphonic acid.

8. The 2-chloroethyl monoester of 2-chloroethyl

phosphonic acid.

9. 2-bromoethyl phosphonic acid.

et
)



1@. The bis(phenyl)-ester of 2-chloroethyl phosphonic

acid.

11. The tetrachloroprocatechol cyclic ester of 2-

chloroethyl phosphonic acid.

5 12. 2-iodoethyl phosphonic acid.

13. The saligen in cyclic ester of 2-chlorocethyl

phosphonic acid.

14 . Salicyclic acid cyelic ester of Z-chloroethyl
rhosphonic acid.
10 15. Phosphonoethyl phosphonic acid.

16. Phosphonoethylthicethyl phosphonic acid.

17. The 3-hydroxyphenyl moncester of 2-chloroethyl

phosphonic acid (which exists 1in polymeric form).

18. The bis(2-oxo-pyrrollidinylmethyl) ester of 2-
15 chloroethyl phosphonic acid.
19. The 2-hydroxyphenyl monoester of 2-chlorcethyl

phosphonic acid.

14



20. The mixed iscpropyl and 2-hydroxyphenyl diester of

2-chloroethyl phosphonic acid.
21. 2-fluorcethyl phosphonic acid.

22. The mixed octyl and 2-hydroxyphenyl diester of 2-

5 chloroethyl phosphonic acid.

23. The mixed hexadecyl and 2-hydroxyphenyl diester of

2-chloroethyl phosphonic acid.

24 . The mixed tridecyl and 2-hydroxyphenyl diester of

2-chloroethyl phosphonic acid.
10 25. The anhydride of 2-chlorocethyl phosphonic acid.

26. The mixed butyl and 2-hydroxyphenyl diester of 2-

chloroethyl phosphonic acid.

27 . The 2-chloroethylester of 2-chloroethyl of

phosphonic acid.
15 2-chloroethyl phosphonic acid is preferred.
The phosphonic acid compounds used 1in the process of

this invention are generally soluble in water. In instances

where these compounds are not appreclably water soluble, it
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has been found that contact with water frequently causes
sufficient hydrolysis to result in a soluble product thereby
obviating the necessity of utilizing sophisticated
formulations containing surfactants, dispersing agents,
extenders, etc. However, if desired, the compounds used in
the process of this invention may be absorbed onte sclid
carriers such a vermiculite, attaclay, talc and the like for

application via a granular vehicle.

Application may be by sany conventional means which
provides uniform application of the plant growth regulator.
such as a hand-held C0z charged sprayer system, backpack

sprayver system, tractor-drawn sprayer, or other conventional

ground or serial application system when the active
compounds are  in solution  and conventional zolid material

-tive compounds are absorbed

b
jo
1
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+
—
T
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application systems

onto solid carriers.

Compositions useful in this  invention <an be prepored

by conventional mixing methods. SQuitahle liguid diluents or

]

carriers include  water, petroleam diztillates, ar ot her
1Tiguid ecsrriers with or without surface sctive agents.  Dus
te the good solubility of phesphonie acid comproandz  in
water, water is preferred

The reguailred smount 5f the 1ot ive s
carntemplated herein may be spplied zlorg with inert ravy s
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Formulations useful in the present invention can also
contain other optional ingredients such as stabilizers or:
other biologically active compounds. It is preferable that
optional ingredients do not harm the plant being treated and
do  not impair <r reduce the activity of the active
ingredient. Biclogically active- compounds  include, for
example, one or more 1nzecticidal, herbicidal, fungicidal,
nematicidal, miticidal, plant growth regulators or other
known compounds. Such optional ingredients may be used for

their known purpose as well as for any synergistic effect

they may provide,

Treatment of rice crops in accordance with the present
invention promotes

increase in number of panicles per unit land areas;

increase in number of panicles per plant;

increase in grain weight;

increase in number of grains per panicle;

increase in plant height;
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increase in straw stiffness; and

reduction in number of sterile florets per panicle.

In accordance with the present invention, the
phosphonic acid compound is applied to rice crops at rates
from about 5@ to about 750 grams per hectare, preferably
about 100 to about 5@@ grams/ha, more preferably from about
200 to about 488 grams/ha, and even more preferably from
about 248 to about 360 grams/ha. Application is during the
rice crop growth stage between about the start of tillering
and initiation of panicle primordia and preferably between
the end of effective tillering and initiation of panicle
primordia. More preferably application is about 7-10 days
before initiation of psnicle primordia. Application after
initiation of panicle primordia period of time between the
end of effective tillering and initiation of panicle
primordia occurs between about 45 and about 98 days after

seeding.

The end of effective tillering iz defined as the period
when the tillering number reaches that of eventual panicle
number at maturity. It immediately precedes the period when
the plant has a maximum number of tillers. This period 1is
often observed when vegetive growth slows markedly and
floral development begins, and 1is defined for a given rice
crop variety. Weather conditions do not significantly

change the timing of this rice crop growth stage period.

<0
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ETHREL 48¢ ethephon 1is one of several suitable
sources of ethephon. It has a concentration of ethephon of

48@ grams active ingredient per liter solution.

Suitable rice varieties which may be treated according
to the present invention include but are not limited to I1RRI
cultivarus saturn, INTIAP 415 [F1(IR330X-
IRG79)XF2(IR93PXIR22)], CR-1113, and Ecuador Juma 57.

EXAMPLES
EXAMPLE 1

VSaturn variety rice was planted (May 13, 1981 near
Rosa, Louisiana, Prior to planting, 20-4¢ -8@0 units of N-P-K
were applied. On June 1, 1981, 4 pounds ai/ac of propanil
were applied. On July 9, 1981, 168 units of ammonium
nitrate were applied, and on July 24, 1881, ETHREL (R)

ethephon was applied in amcunts of either 114 g aifac or

227g ail/ac. A control planting having no ETHREL (E)
ethephon treatment was also maintained. The aforementioned
treatments were separated by permanent soil levees, and

replications or sub-plots were separated on all gides hy 3-

foot alley ways. Each plot was 6 feet by 38 feet.

The treatment solution was applied using a hand-held

CQz charged 2-gallon sprayer system. This system has a two-

19
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row boom equipped with Tee-jet diaphragm check valve nozzles

having 8664 HSS flat fan tip and 108 mesh screens.

The number of panicles per unit area was determined by
placing a 8 ft2 frame over the rice crop and removing all
panicles from plants within this area. Each panicle was cut
1/4-1/2 inch below the last Joint. The average weight per

panicle was then determined.

The weight of individual seeds was determined by
treatment. These 1082 grains were weighed, and the mean

weight per seed was calculated.

To make appropriate plant measurements, twenty-five
plants were selected at random from each plot on September
21 and used to determine panicle to flag leaf measurements.
Two measurements were recorded on each plant. The first was
the length from the flag leaf to the base of the panicle,
and the second was the length from the flag leaf to the tip

of the panicle.

The entire plot, less the area used to determine number
of panicles per unit area, was harvested on Oct. 2, 1881
using a small plot combine. The rice seed from each plot

was welghted.

A
[y &
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Results

The measurements from the tip and base of the panicle
to the flag leaf are presented in Table II. Variation in

lengths among panicles within the plots was considerable.

Table III presents information on panicle numbers, the
weights of each panicle, the weight of 1080 grains and the
yield of rice product by each treatment. The plots with 227
g ai/ac of ETHREL (R) ethephon produced a significantly
heavier panicle than the plots with 114 g ai/ac ETHREL (E)
ethephon or the control plots. Alsc the plots with 227 g
ai/ac of ETHFEL (F) ethephon had a higher weight per 1000
grains (25.15 gms) and yielded significantly more rice than

the other plots.

TARLE II
Length (cm) of flag
i leaf to panicle
base of tip of

Treatment (g ai/ac) panicle panicle overall
ETHREL (R) 114 2.5 21.86 24 .1
ETHREL (R) 227 2.7 21.7 24 .4
Control - 3.1 21.9 24 .1
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TABLE III
Weight/ Number Weight
(g Yield= 1200 panicles panicles
Treatment ai/ac (lb/ac) grains(g) per 8 ft2 (g)
ETHREL (R) 114 2498.3 b 24.12 b 491.9 @.445 c
ETHREL (R) 227 3398.4 a 25.15 a 4682 .4 g.856 a
b

Control - 2341.3 b 24.02 b 452.9 @.587

Means followed by the same letter in the same column do not
differ significantly at the 5%  level of preobability

according to Duncan’s multiple range test.

No phytotoxicity was observed during these treatments

with ETHREL (R) ethephon.

EXAMPLE 2

INIAP 415 ([F1 (IR93@XIRS79)XF2(IRO3BXIRZ2Z)] variety
rice was planted in April, 1982 1in Ecuador, Crops were
treated with ETHREL (E) 480 ethephon in June 1882, at rates
of either ©50@ or 1000 nl/hz. A control planting having no
ethephon treatment waz zlso maintained. Plot size for each
of the treastments was D00F m2. S0il  type u=zed in the

eXxperiment was clay, and precipitation was =about 17

T

mm/month. Urea fertilizer (46% al) was used at 528 lbha
three spplications. Weed control was maintained by applying

a mixture of 5 1liters propasnil, 3 llters butachlecr and @4



ml 2,4-0FP, Dichlorapr.
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harvesting the totsl plot are

with 14% grain mcisture.

Table IV presents data of the experiment.

r2
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TARLE 1V
ETHREL (R)>

. LB.BM DB
PARAMETER Control 240 4380
Phytotoxicity ~- None None
No. of tillers/m=2 3¢9 309 308
No. of panicles/m= 248 278 292
Sterile panicles (%) 8.4 5.6 5.9
Plant height (cm) 194 112 117
Grain yield (MT) 5.8 8.1 8.2

Application  of ETHREL (R) ethephon at  both
concentrations significantly increaced panicle number, plant
height, and grain yield, and substantially decreased the

percentage of sterile panicles.

EXAMPLE 3
FEcuador developed rice variety rice No. 1881, also
called Juma 57, was planted in Ecuador during the dry zeaszon

£ 1985. ETHREL (%) 480

')

and harvested during the wet season
ethephon treatment was done &7 days after planting, at the

stage when the flower primordia was just formed (about 5 mm.

in length). Application rates were either 120. 240 or 360
g/ha (@.25, @.5 or 8.75 1l/ha). The average day temperature
was 23eC., precipitation was 300 mn, and relative humidity
87%. Pregerminated seed was broadcast. Weed control was

done using a mix of & liters STAM (B LV1Z and @.5 liter

agroxone (MCPA, ICI) per hectare. Urea fertilizer was

i
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applied at 200 kg/ha. Application of ETHREL (ﬁ) ethephon

was done using a knapsack sprayer.

Table V presents data of the experiments:

TABLE V

120 Grain
Number of welght Yield
ETHREL (RY (g ai/ha) Fanicles/m< in grams kg/ha
120 485 25.9 2,272
249 550 28.1 4,560
360 ‘ 535 27.5 5,288
Control 465 25 .4 3,344

Periodic observations indicated that ETHREL ® ethephion
produced a significant hardening or stiffening of the stem
tissue. The number of psnicles/m2, grains per panicle, and
grain weight was higher for crops treated with ethephon at
rates of 248 and 368 g a.i./ha for control craps.
Furthermore, a significant increase in yield was obtained at

rates of 2480 and 360 grams per hectare.

EXAMPLE 4

The experiment was carried out in Nobol, Ecuador, using
77 day-old transplants of rice cunltivar INIAP 415. Each

treatment was conducted on 1@ hectare plots.

o
&
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Transplanting was done on September 20, 1984. Ten
weeks after transplanting, plots were sprayed with ETHREL{@
ethephon at rates of 240 and 3680 g/ha using a knapsack spray

system. At this time, flower primordia length is 5 mm.

Three applications of nitrogen were made (112 kg urea,
112 kg wurea and 21 kg ammonia sulphate). Herbicides e.g.
propanil, insecticides and miticides were used during the

test to control weeds, armyworms, and mites.
Results
ETHREL(E) 480 applied at rate=s of 240 and 36¢ g/ha,

produced significantly higher vields than the control.

Results are shown in Table VI.

TABLE VI
Grain Yield,/ha Increase c¢ver
Treatments (g ai/ha) Kg Control (%)
ETHREL (R) 48@ 241 5.485 14.7
ETHREL (E) 48¢ 360 7.340 53.49
Control - 4.782 -
EXAMPLE 5

Rice crop was planted in Ecuador on Dec. 28, 1984, and
harvested June 6, 1985. ETHREL (B) 480 ethephon treatment

was done B5-78 days after planting, at the stage when the
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flower primordia wasg just formed (about 2-3 mm in length).

Application rates were either 240 or 360 g/ha (@8.25 or 8.75

1/ha). Application of ETHREL (R) ethephon was done using

backpack sprayer.

Rezsults

Results are zhown in Table VII.

TABLE VII

ETHEREL (B®
(g ail/ha)

Plant

Height Before

Application

Plant
Height
At Harveszt

o
[ i'

Number
Panicleg/m?

240 86 om. A2 om 474
360 B4 88 414
Control B a1 200
ETHREL (R) FPanicle Number Grains 1207 Grain
(g ai/ha) Length Por Panilcle Weight Yield
248 I oow R SRR
TED o LT T
Contral o L A Tt
Plart heis o hars I AR Oopanicls Doydield wers
cigrifisantly greater when ETHREL () war applied
EXAMPLE ®
ETHEREL ethephon was applied to rice crop (rice
veriety CR-1113) in Costa Rica. About 18 hectares wWere

treated from the air with & dosage of ETHREL- (BE)=sthephon 480

of S0P

ml/ha at

the time

the flower

primordia was

first



formed. ETHREL ethephon was tankmixed with fungicides
and foliar fertilizers. A control of sapproximately 1&
hectares was maintained. Weed control was done with

arrosols and hormonals.

5 The crop was affected by draught which reduced the
number of tillers per Plant. Harvesting was done on Nove.
28, 19E4.

Fesults

Table VIII shows experimental results.

TABLE VIII
ETHREL (R) Number of Number Grains
480 Panicles/Plant Per Panicle
2.5 ¢(1/ha) 3.4 9.2
Control 2.4 66.25
1in The number of panicles per plant and number of grains

per panicle were s=ignificantly greater with application

ETHREL (R) 480.
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What is claimed is:

@

1. A method of increaszing the yield of rice plants,
comprising applying ethephon to said plants, when said
plants have progressed to a growth stage between about the
end of effective tillering and about the initiaticn of
panicle primordia, at rates from about 190 to about 500

grams per hectare.

2. A method as defined in claim 1, wherein said rates

are from about 208 to about 400 grams per hectare.

3. A method as defined in claim 1., wherein saild rates

are from about 248 to sbout 360 grams per hectare.

4. A method as defined in claim 1, whereip application
of ethephon is done by hand-held COz charged sprayer.
o
t <
¢2~ .
5. A method as defined in claim 1., wherein aépllcﬁﬁion
e C3
<
of ethephon is done by backpack sprayer. ' LL
P >
Vel
B. A method as defined in claim 1, wherein}spplica®ion
[
of ethephon is done by tractor-drawn sprayer.
7. A method as defined in claim 1, whereirn application

of ethephon is done by aerial sprayer.

BAD(DRKNNH~
. <!



8. A method as define in eclaim 1, wherein the plants
are at a growth =stage about 7-10 days before initiation of

panicle primordis.

9. A method as defined in claim 1, wherein the plants
are at a growth stage about 7-10 days before maximumn

tillering.

18. A method as defined in claim 1, wherein the plants

are at a growth stage of initiation of panicle primordia.

Dy}

s}



ABZTRACT

Foliar application of a phosphonic acid rplant growth

regulator to rice crop plants, when the plants are at a

growth stage of between about the start of tillering and

jnitiation of panicle primordia, at about 5@ to about 750
grams per hectare, results in rice yield significantly

The invention promotes

greater than untreated rice crops.

manipulation of certain physiological processes at

vegetative growth stages, thereby reducing decline in tiller

number and increasing the number of seed producing tillers.

o
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