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Effect of Plant Growth Regulators on Lodging in Rice
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ABSTRACT

The experimental growth regulators Hoe78784 and PP-333 significantly reduced lodging in all rices.
However, they did not significantly affect the crop vegetative characteristics and yield components, except
by decreasing plant height when both growth regulators were applied at booting stage. Grain yield of
IR21820-154-3-2-2-3 increased due to reduced lodging when Hoe78784 and PP-333 were applied at booting.
These growth regulators increased the thickness and diameter of the culm. Applying CCC did not affect
lodging in all test varieties. CCC-treated varieties and the control showed lower number of vascular bundles
and culm thickness and diameter of the third and fourth internodes. Hoe78784 and PP-333 significantly
reduced internode length from the second to'the third internode in short-statured varieties. In tall varieties,
reduction extended up to the fourth internode. Culm N content of the varieties did not significantly differ

among treatments, except in IR8. Culm P content also did not differ singifficantly among treatments.

although K and Si content was the highest than control when Hoe78784 was applied.
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INTRODUCTION

The world’s food demand is incereasing every year
and rice production must increase to be able to
supply the growing demand of at least 6billion people
by the year 2000. Lodging in rice results in the
reduction of grain and straw yields and deterioration
in their quality besides increasing harvesting cost.
The use of growth regulators against can be effective
because culm elongation determines lodging. Since
the 1950's, a number of growth regulators on rice
plants have been studied, but these are not suffi-
cient. Rademacher and Jung(1981) reported that of
60 different commecially available growth-regulat-
ing substances, only chlormequat chloride, mepi-

quat chloride and ethephon are used in cereal produc-
tion. These growth retardants have not been inten-
sively studied, but have shown variable results in
rice, At present, many new growth regulators like
BAS-106, PP-333, EL-500, S-3270, NTN-821 and
CGR-811 have exhibited substantial success in lodging
control (Nickell, 1983).

Their application increases plant resistance to
certain environmental stresses, controls crop height,
increases tiller and enhances yield. These growth
regulators are currently being evaluated in rice crop-
ping systems, Kwon and Yim(1986) reported that
paclobutrazol application during tillering of tran-
spanted rice does not seem to prevent lodging. But
its application during the reproductive stage at low
N levels more or less reduces culm length, At high
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rates, paclobutrazol tended to reduce grain yield by
50% . The meiotic stage is most vulnerable to lodg-
ing. Similarly, with CGR-811[IN-C4-chloro-2-(x
~hydroxy benzyl) phenyl T] applied just after seed-
ing and the day before transplanting, lower inter-
nodes are shorter, and number of panicles, percent-
ages of well-ripened grains and yield increase.
Lodging is also lesser in plants treated with CGR
-811 (inabenfide) the day before transplanting. CGR
-811 can bé used from the nursery bed to the panicle
base differentiation stage(Shirakawa et al., 1984).
Izumi et al.(1984) found that uniconazale at 12g ai/
ha reduced lodging and increased yield.

The three triazod compounds, NTN 84, PP-333 or
paclobutrazol and S3307 or S327, have similiar
stuctures, when applied around regulators, CCC,
Decreases dry matter yield, leaf area index and
assimilatory area, the last two by shortening the
stems and reduction leaf sheath area. It also delays
panicle emergence by up to 8 days. CCC does not
affect N uptake per unit area of land but increases N
percentage in dry matter. Applying CCC damin-
ozide, NAA and TIBA at 20 to 40 days after sowing
seeds in the seeding nursery significantly reduce
plant height (Hou, 1983). At transplanting, seed-
lings treated with CCC, TIBA and NAA are shorter
and have thicker stems than untreated seedlings.
TIBA, NAA and daminozide do not affect the culm
lodging resistance (clr} value (IRRI, 1964), and plant
height was reduced by 10% with CCC and 28% with
TIBA. Yamada et al(1962) reported that spraying
TIBA effectively promotes tillering, suggesting that
tillering in rice plants can be controled by auxins or
antiauxins. Resistance to lodging is in influenced by
the interactions of the environmental physiological
factors for culm growth.

There are already existing methods to im-
prove lodging resistance, such as by breeding and
selection and cultural management. Morever, plant
growth regulators have been used in cereals to
minimize lodging. Plant growth regulators have
been used in crop production to determine if they can
be used to control growth of rice plants and variable
success has been achieved, Although basic research
is still going on, some methods have been developed
to improve lodging resistance of rice, such as selec-

tion of varieties with short and strong culms, im-
proved cultural practices like water management
and mixed seeding or planting of varieties with

‘different lodging resistance. The objective of this

study were 1) to determine the effect of different
growth regulator application on lodging reactions,
2) to investigate the plant characteristics that can
induce lodging and 3) to examine the relationship
between lodging resistance and

specific mor-

phological characters,

MATERIALS AND METHODS

Experiment 1. Effect of Cycocel and Hoe78784
on Lodging Prevention in Rice

The experiment was conducted on IRRI by using a
split plot design with four replications. The varieties
were the main plots, subplots were plant growth
regulators and subplot was the application time of
plant growth regulators. Plots measured -5X4M,
IR8, IR36, IR64 and IR21820-154-3-2-2-3 were plant-
ed at 20 %X 20cm hill spacing. The growth regulator
CCC(1.5Kg ai/ha) was foliar sprayed at booting and
heading stage, while Hoe 78784 (150Kg ai/ha) was
foliar sprayed at booting stage due to a shortage of
its supply. Nitrogen fertilizer as urea, P as super-
phosphate, and K as Muriate of potash each at 60
Kg/ha were basal broadcast and incorporated (BB &
I) using a power weeder. The remaining 30Kg n/ha
was topdressed at panicle initiation (PI) . Plots were
flooded to a 2-to 3-cm depth at 5 days after trans-
planting (DAT) and maintained at 5cm until ripening
stage, Drainage was imposed at 12 days before
harvesting (DBH) . Thiobencarb (S-((4-chlorophen-
ly) methyl)diethyl carbamothioate) at 1.0Kg ai/ha
+2, 4-D (2, 4-dichlorophenoxyl acetic acid) at 0.5Kg
ai/ha was applied at DT for weed control. Hand
weeding was done when necessary while insect and
disease control was optimum. Harvesting was done
when more than 90% of the spikelets had ripened.
Grains were harvested from a 5-m? harvest area that
was free from border effects.

Fourplaces, each mesasuring (.08m? were
selected for plant sampling at harvest time. Inter-
node length, leaf area, stem and leaf dry weight,
bending index, degree of lodging and nutrient com-
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position were then measured. Internode length was
measured before harvest from the tip of the panicle
to ground level of the main culm. Leaf area(cm?)
was measured by using a leaf area meter(Model
AAM-7, Hayashi Denko, Japan). For the leaf and
root dry weights, plant samples, oven-dried at 110C
for 24hrs., were weighed and values were expressed
in g/3 hills. Bending index was measured with a
spring scale and expressed as stress in grams neede
to buckle the middle portion of a plant to 30°C under
field conditions : where in 0.1 bending index =100g
pushing force, 1.0g=1000g and so on. Degree of
lodging was rated by visual scoring. Percent N,
percent P. percent K and percent Si were determined
before harvest from plant sampled collected outside
the harvest and sampling areas.

Plant height was measured at harvest from the
base of the plant to the tallest panicle. Tillers were
counted from 8 designed hills/plot and converted to
tiller number per hill. Grain yield was determined
from 125 hills at the center of each plot and convert-

ed to tone per hectare at 14% mointure content.

Eight hills were sampled outside the 5-m? harvest
area to determine yield components using procedures
described by Gomez (1972)

Experiment 2. Effect of Plant Growth Regu-
lators on Lodging Prevention in Rice
Experiment was conducted in IRRI follow a split
-plot design with four replication. The varieties
were the main plots and the subplots were the plant
growth regulators. Plot size was 4 x 4M and planting
space 20x20cm. IR36, IR42, IR64 and
1R21820-154-3-2-2-3 were tested. Growth regulators
Hoe 78784(300g ai/ha), CCC(1.5Kg ai/ha) and PP
-333(300g ai/ha) were applied at booting stage,
Cultural practices and plant measurement procedures
were the same as in experiments except for the third

anf forth internodes from downwards selected for
anatomical observations. Portions 2cm long from
each internode were sliced using a razor blade to a
thickness of 20~-30 microns, Diameter of culm, num-
ber of uascular bundles and culm thickness were
determined microscopically, and values reduced to
fractions. Thickness of culm wall was obtained by
measuring the average distance from the periphery
of a cross section to its inner boundary. The number
of vascular bundles was ascertained by counting
those which appeared in a cross section of the culm.
Culm diameter was obtained by measuring the lon-
gest and shortest diameter of the eight samples using
a calibrated , icroscope and computing for the aver-
age.

RESULTS AND DISCUSSION

Experiment 1. Effect of Plant Growth Regu-
lators on Lodging Prevention in Rice

Lodging Reduction

IR8 and IR64 did not lodge in all treatments, while
1R21820-154-3-2-2-3 showed 10-19% lodging with
CCC treatment at booting and heading, repectively
(Table 1). With Hoe78784, lodging in
IR21820-154-3-2-2-3 and IR36 were effectively sup-
pressed, IR21820-154-3-2-2-3 was more susceptible
to lodging than IR36, probably due to tis higher stem
elongation. Applying growth retardants certainly
prevents lodging but may slightly reduce grain viled
under adverse environmental conditions, However,
the effect of growth retardance may be further im-
proved by manipulating the normal growth pattern
and development of the plant. Nevertheless, the use
of plant growth regulators offers one way of prevent-
ing lodging and increasing grain yield due to its
effect on plant growth and development .

Table 1. Effect of growth regulators on lodging of test rices.

TREATMENT APPLICATION LODGING (%)*
IR8 IR36 1R64 IR21820-154-3-2-2-3
CCC Booting 0a la Oa 19a
CCC Heading 0a 0a Oa 10a
Hoe 78784 Booting 0a 0a 0a 0b
Control 0a 8a Oa 18a

® In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.
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Table 2. Effect of growth regulators on bending index of test rices.

TREATMENT APPLICATION BENDING INDEX®
TIME IR21820
IR8 IR36 IR64 154-3-2-2-3
45° 30 45 30° 45° 30° 45 30
CCC Booting 1.9 3.1 1.5 25 1.8 3.0 1.5 2.8
CCC Heading 2.1 3.3 1.7 2.7 1.9 3.3 2.8 3.1
Hoe 78784 Booting 2.0 3.2 1.6 2.6 1.8 2.9 1.6 3.1
Control 1.8 3.0 1.3 2.5 1.8 3.0 1.5 2.7
® All values are not significantly different at the 5% level by DMRT.
Bending Resistance Grain yield (t/ha)
Bending to 45 angle and 30 angle was not affected 8 ,
by different treatments, application time and vari- 1R21820~154-3-2-2-3 .a
eties except for IR36(Table 2) . CCC and Hoe78784 a a ; %
application slightly increased bending resistance of ’, / /
IR36, although not significantly. Results did not 6 “. % //‘ A
agree with Hou(1983) who reported that even though 7 IR64
no natural lodging occurred with CCC, higher lodg- a .a a
ing resistance values were obtained and compared with 6 ] _/a ,/ %
those of the  untreated check. In another experi- 5 /A é R A
ment, Hou(1983) obtained higher clr value in wet 6
-seeded rice and ratooned crops treated with CCC+ IR36
Kinetin. Tolbert(1960) added that CCC inhibits the 5 |-
growth of wheat and prevents lodging at maturity a ; a ;
Grain Yield 4 __. /A % 4
1R21820-154-3-2-2-3 yield highest when CCC was 6
applied at heading and lowest in the control and IR8
when Hoe78784 was applied at booting, However, 5 |- a
difference was not significant among treatments a a y ;
(Fig.1). IR36 did not have significantly yield differ- 4 __. /74 é = A
8 ntrol Bootin Bootin eadin
ence between treated groups and the control. IR§ Co HOE7878g4 ’_g OCC et £

and IR64 likewise did not differ significantly, but
Hoe78784 reduced slightly, the
grain yiled. Basnet(1984) reported that increases in
grain yiles of IR42 and IR58 with CCC were more
consistent than those of the control for five seedling

nonsignificantly,

ages. Pinthus and Halevy (1965) also reported that®
CCC applied at 10Kg/ha increased grain yiled of
wheat by 30% mthrough production of more kernels
per spikelet. In the experiments of Chalakhyan and
Aruthnuyan (1968), CCC increased alfalfa yield by
35% from enhancing N-fixation in the presence of
carbohydrates translocated to the roots, Shahi et al .
(1979) and Pikush et al. (1976) reported that combin-
ing high N levels and CCC increases rice yield,
Morever, CCC applied at a certain growth stage
modifies yield components which increase yields

Fig.1. Grain yield of four rices as affected by differ-
ent growth regulators. Within a variety or
line, bars having a common letter are not
significantly different at the 5% level by
DMRT.

(Biawas and Choudhuri, 1977).
Yield Components

The growth regulators generally did not have a
significant effect on yield components of all test rices
(Table 3). In IR8, only straw weight significantly
differed among treatments. IR36 and IR64 had signif-
icant difference only in filled spikelet percentage and
panicle length when Hoe78784 was allpied at boot-
ing. These results do not agree with earlier explana-
tions of Biswas and Chouhuri(1977) that CCC in-
creased grain yields due to the cumulative contribu-
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Table 3. Effect of growth regulators on yield components® of test rices.

TREAT- APPLI- PANICLE PANICLE FILLED STRAW
MENT CATION COUNT LENGTH SPIKELET WEIGHT
TIME (no./10 hills) {cm) (%) {g/m)
IR8
CCC Booting 29 22a 82a 33a
CcCC Heading 24a 2la 80a 33a
Hoe 78784 Booting 29a 23a 80a 22b
Control 2%a 24a 83a 3la
IR36
CCC Booting 17a 20a 90a 18a
CCC Heading 17a 16a 80ab 18a
Hoe 78784 Booting 16a 18a 84b 16a
Control 18a 19a 89ab a
IR64
CCC Booting 23a 22ab 92a 2la
CCC Heading 23a 24a 94a 20a
Hoe 78784 Booting 23a 21b 92a 24a
Control 20a 22ab 9la 22a
1R21820-154-3-2-2-3

CcCC Booting 25a 25a 88a 26a
CCC Heading 24a 25a 88a 30a
Hoe 78784 Booting 22a 24a 84a 27a
Control 25a 23a 86a 34a

® In a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

tion of all the yield components in their field trial :
and with reports of Gej and Vloedkowski(1978) that
CCC increased the spikelets per panicle by 26-29%
and the translocation of assimilates to the graind.
Vegetative Characteristics

The growth regulators and nonsignificant effect
on leaf area and tiller number of all varieties(Table
4) . IR8 showed decreased plant height when applied
with CCC at heading. With Hoe78784 applied at
booting IR8 gave lighter stem weight than the
untreated and CCC-treated groups. Vegetative char-
ateristics of IR64 were not significantly affected. In

IR36, Hoe78784 reduced plant height when applied at
bootin, although not significantly. Its other charac-
teristics were not affected by CCc nor Hoe78784. For
1R21820-154-3-2-2-3, plant height was significantly
decreased with Hoe78784 and CCC application at
booting. These results agree with those of Yamada
(1976) that CCC did not affect plant height but in-
creased tiller number, although the effect on tiller
number was not clear from the results obtained.
However, Gej and Vlodkowski(1978) reported that
soil application of 22mg CCC at the stem elongation
stage of wheat decreased stem length by 26-29% but

did not affect the total dry matter accumulation,
Tolbert (1980) added that CCC could reudce the plant
height of 30-day-old transplanted wheat and barley
seedlings by 40%. CCC treatment in all varieties did
not affect internode elongation{Table 5). On the
hand, applying Hoe78784 in
IR21820-154-3-2-2-3 decreased elongation in the first
to the fifth internodes,
Hoe78784 did not significantly reduce internode
length in IR8, IR36 and IR64, but in general,
Hoe78784 consistently shortened culm length up to

other

thus preventing lodging.

the fourth internode.
Nutritional Aspect

There were no significant differences in culm N
content among treatments in all varieties except in
IR8. With Hoe 78784 applied at booting, culm N
content of IR8 was higher compared with that of the
control(Fig.2) . Hoe78784 increased culm N content
in all varieties except in IR46. There eas no relation-
ship between lodging resistance and culm N content .
This result is in contrast with the findings of Hum-
phuries et al. (1965) that CCC increased the percent-
age of N in wheat because CCC slightly affected N
uptake per unit area. Culm P content was the same



Table 4. Effect growth regulators on the vegetative characteristics® of four rice varieties.

TREAT- APPLI- PLANT TILLER LEAF STEM
MENT CATION HEIGHT COUNT AREA WEIGHT
TIME (cm) {no./m? (cm?/tiller) (g/hilD)
iIR8
CCC Booting 82ab 96a 284a 33a
CCC Heading 80b 115a 289a 33a
Hoe 78784 Booting 84ab 110a 299a 22b
Control 87a 119a 305a 3la
IR36
CCC Booting 62a 157a 173a 18a
CCC Heading 62a 169a 151a 19a
Hoe 78784 Booting 57a 165a 139a 16a
Control 64a 158a 164a 18a
IR64
CCC Booting 78a 134a 264a 21a
CCC Heading 79a 138a 330a 20a
Hoe 78784 Booting 76a 132a 324a 24a
Control 78a 119a 240a 22a
1R21820-154-3-2-2-3
CCC Booting 91b 141a 255a 26a
CCC Heading 98a 146a 229a 28a
Hoe 78784 Booting 85b 139a 293a 27a
Control 92ab 140a 219a 34a

@ In a Column, means followed by a common letter are not significantly different at the 5% level by DMRT.

Table 5 Effect of growth regulators on internode elongation of four rice varieties.
INTERNDE LENGTH (cm)®

TREATMENT APPLICATION DOSAGE
TIME Ist 2nd 3rd 4th 5th  6th
_IR8
CCC Booting 3000g/ha 28a 7a 7a 3a 2a la
CCC Heading 3000g/ha 27a 8a 4b 3a la -
Hoe 78784 Booting 150ai/ha 28a 6a 5b 2a la la
Control 29a 8a 6ab 3a 2a la
1R36
CCC Booting 3000g/ha 28a 13a 6a 4a 2a la
CCC Heading 3000g/ha 28a 13a 6a 2b la -
Hoe 78784 Booting 150ai/ha 26a 12a 5a 3b la la
Control 26a 14a 7a d4a 2a 2a
IR64
CCC Booting 3000g/ha 32a 15a 9a S5a 2a la
CcCC Heading 3000g/ha 3la 16a 7a 4a 2a -
Hoe 78784 Booting 150ai/ha 30a 15a 8a 5a 2a la
Control 32a 15a 8a 5a 2a la
IR21820-154-3-2-2-3
CCC Booting 3000g/ha 35ab 192 1lla 5a 3b 2a
ccC ] Heading 3000g/ha 36a 19a. 10ab 5a 3b -
Hoe 78784 Booting 150ai/ha 33b 16b 9b 4b 3b 2a
control 36a 192 1la 6a 4a 2a

® In a column, means followed by a common letter(s) are not significantly different at the 5% level by
DMRT.
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Fig.2. Culm N content of four rices as affected by
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significantly different at the 5% level by
DMRT.
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among treatments in all varieties (Fig_.3) . Potassium
content also did not differ significantly among treat-
ment (Fig.4), although K content was highest with
Hoe78784. High K content might have favored lodg-
ing resistance in all test varieties. Culm Si content
between Hoe 78784 and control. In IR 21820-
154-3-2-2-3 a higher though nonsignificantly
Si content was obtained with Hoe78784 applied at
booting. (Fig.5). Silicon is believed to strengthen
hollow-strawed grasses and its deficiency is seen by
a number of workers as the cause of lodging. How-
ever, the importance of Si from the standpoint of
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Fig.4. Culm K content of four rices as affected by
plant growth regulators. Within a variety or
line, bars with a common letter are not
significantly different at the 59 level by
DMRT.
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Fig.5. Culm Si content of four rices as affected by
plant growth regulators. Within a variety or
line, bars with a common letter are not
significantly different at the 5% level by
DMRT.

straw strength has also been questioned. Vaidys and
Malkani(1963) did not conclude any possible rela-
tionship between the Si content of wheat plants and
their lodging behavior,

Experiment 2. Effect of Plant Growth Regu-
lators on Lodging Prevention in Rice (1986 WS)
Lodging Reaction
IR42 and IR64 had zero lodging in all treatments
(Table 6) . IR36 had 3% lodging in the control and
zero lodging with the use of PP-333, CCC and
Hoe78784. IR21820-154-3-2-2-3 exhibited 41% lodg-
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Table 6. Effect of plant growth regulators on lodg-
ing four rice varieties.

TREAT- LODGING (%)?
MENT IR36 IR42 IR64 1R21820-
154-3-2-2-3
Control 3a Oa Oa 39a
PP-333 Da 0a 0a 13b
CCC Oa Oa 0a 4la
Hoe 78784 Oa Oa Oa Oc

¢ In a column, Treatment means having a common
letter are not significantly different at the 5%
level by DMRT.

ing using CCC and 39% in the control. PP-333
reduced lodging and Hoe78784 effectively suppressed
lodging in IR21820-154-3-2-2-3. Between IR36 and
1R21820-154-3-2-2-3, the latter was more suscep-
tible to lodging. hoe, 4784 apparently was most effec-
IR36 and
IR21820-154-3-2-2-3. However, CCC, hoe78784 and
PP-333 effectively controlled lodging in the resistant

tive against lodging in

varieties IR42 and IR64, results of this experiment
do not agree with the findings of Das Gupta (1971) in
upland field experiment that foliar spraying of CCC
at 10 and 21 days after sowing showed lesser effect in
lodging prevention, woth only an 8% difference in
lodgitg cccurring between CCC treaments and con-
trol. Kwon and Yim (1986) reported that application
of paclobutrazol during the tillering stage of trans-
plated rice does not seem to prevent logding, How-
ever, soil treament with PCP after the active tiller-
ing atage effectively controlled excessive vegetative
growth and strengthened lodging resistance by
controlling elongation of the basal internodes and
increasing breaking resistance of culm(Hashizume
and Yamagishi, 1969). Humphries(1968) observed
that lodging in wheat, oats and barley can be
reduced or prevented and grain yield increased with¥
CCC.
Grain Yield

Grain yield of IR36 did not significantly differ
among the differrent treatments. Hoe78784 applied
at booting stage decreased IR36 grain yield due to

reduced panicle length. Leaf area and dry matter -

production, however, were not affected. IR42 yield
highest in the control and CCC treatments : lower
yields were recorded with PP-333, and lowest yiled
with Hoe78784. Hoe78784 reduced yield at high con-

Grain yield (t/ha)

@ o y/

S ab
. 7

SO

'3 B /2
7,

3.4l

4.0 a

3.8

3.6

§c

a IR42

vze,
HOE78784

Control  PP-333 ccC
Treatment

Fig.6. Grain yield of rice varieties as affected by
plant growth regulators. Within a variety or
line, bars with a common letter(s) are not
significantly different at the 5% level by
DMRT.

centrations. IR64, like IR42, yielded highest in the
control. its yield was equal in PP-333 and CCC
treatments severely decreased due to lodging (Fig.
6). Das Gupta(1971)reported that there were no
significant effects on grain yield from various CCC
treatments, and that grain yield in the control was
not significantly different form the treated crops.
Khan et al. (197), however, found that one applica-
tion of 40 ppm CCC to Safri 17, a late-maturing, tall
indica cultivar, at the early or late tillering strages
of crop growth prevented lodging and increased yield
significantly over the untreated check. Also, 40ppm
CCC sprayed at mid-tillering reduced plant height
and plant vigor, and increased grain yield by 6%
over the control(Urkurkar and Chandravanshi,
1987). CCC with optimum fertilizer application
helped minimizing \;egetative growth thus diverting the
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physiological activities towards grain production.
Paclobutrazol applocation at higt rates tends to
grain yield by 5% (Kwon and Yim, 1986), aithough
Kohli{1984) found that PP-333 retards vegetative
growth and diverts assimilates during reproductive
growth, thus increasing yield potential.
Yield Components

The growth regulators generally did not signifi-
cantly affect vield components of all test rices(Table
7). However, panicle number of IR36 decreased by
25 with Hoe78784 and increased by 6/m*® with PP
-333. Hoe78784 applied to IR64 also reduced panicle
length. PP-333 produced high filled spikelet percent-
age and 100-grain weight in IR21820-154-3-2-2-3.
Panicle length was the greatest(24cm) with CCC
application in IR21820-154-3-2-2-3. CCC also gave
high filled spikelet percentage(85%) and panicle
number but short panicle length, spikelet fertility
and 100-grain weight with CCC. ingeneral, PP-333
and CCC were effective against lodging in resistant
varieties IR42 and IR64. Hoe78784
produced low yield component values in all test

In contrast,

varieties. Findings corroborate with the report of

Das Gupta (1971) that non significant difference
occurs in the numbber of panicle-bearing tillers in
various CCC treatments, although CCC produces a
smaller but significant number of panicle - bearing
tillers compared to the control., However, the find-
ings do not agree with earlier reports that CCC
increases panicle number (Humphries et al., 1965 .
Barrett and Mees(1967). Humohries et al. (1965)
summarized that CCC-treated wheat had lesser infer-
tile spikelets, more grains per panicle, higher grain
yield and lesser 1000-grain weight per panicle,
Vegetative Characteristics

Except for CCC,

reduced plant height of all varieties(Table 8 . Leaf

the plant growth retardants

area of all the varieties was not significantly differ-
ent from other and the control. Tiller number also
was not significantly different except in IR36 which
had tillers when treated with Hoe78784 and PP-333.
Plant dry weight was not significantly different
between treatments and varieties. In general, IR36
had the greatest tiller number and leaf area but
the
IR21820-154-3-2-2-3 plants were the tallest. IR42

lowest stem and leaf dry weights.

Table 7. Effect of plant growth regulators on yield components of four rice varieties.

TREAT- PANICLE FILLED 100-GRAIN PANICLE
MENT LENGTH SPIKELET WEIHHT NUMBER
{cm) (%) (G (no./m®
_IR36
Control 20a 84a 2.35a 363ab
PP-333 19a 85a 2.26a 369ab
CCC 19a 85a 2.30a 398a
Hoe 78784 18a 85a 2.30a 338b
IR42
Control 21a 86a 2.24a 291a
PP-333 2la 82a 2.26a 307a .
CCC 22a 88a 2.26a 282a
HOE 78784 20A 88A 2.14A 272A
IR64
Control 22a 83a 2.75a 291a
PP-333 22a 80a 2.79% 307a
CCC 23a 79a 2.82a 322a
Hoe 78784 20b 83a 2.56a 313a
IR21820-154-3-2-2-3
Control 23ab 76a 2.25ab 254a
PP-333 22ab 83a 2.27a 275a
CCC 24a 77a 2.21ab 272a
Hoe 78784 21b 8la 2.11b 282a

® In a column, treatment means having a common letter are not significantly different at the 5% level by
DMRT.
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Table 8. Leaf area, plant height, tiller number and dry weight of four rice varieties as affected by plant
growth regulators.

TREAT- LEAF PLANT TILLER DRY
MENT AREA HEIGHT COUNT WEIGHT
(cm?/3 hills) (cm) (no./hill) (g/3 hills)
IR36
Control 1456a 82a 12b 38a
PP-333 1669a 75b 15a 36a
CCC 1389a 77ab l4ab 33a
Hoe 78784 1716a 74b 15a 37a
IR42
Control 1047a 88a lia 62a
PP-333 1139a 82bc 1la 66a
CCC 1075a 87ab 1la 60a
Hoe 78784 1311a 80c 1la 69a
IR64
Control 1493a 88a 11a 58a
PP-333 1526a 74b 1la 53a
CCC 1531a 88a 11a 5la
Hoe 78784 1545a 76b 12a 46a
IR21820-154-3-2-2-3
Control 1089a 90b 12a 44a
PP-333 1208a 85b 1la 47a .
CCC 976a 95a lia 45a
Hoe 78784 1099a 86b 12a 45a

2 In a column, treatment means having a common letter are not significantly different at the 5% level by
DMRT.

Table 9. Effect of plant growth regulators on internode elongation of four rice varieties.
INTERNODE ELONGATION (cm)?

TREATMENT 2nd 3rd 4th 5th
Internode Internode Internode Internode
IR36
Control 13a 6ab 3a la
PP-333 9b 5b 3a la
CcCC 11a 7a 3a la
Hoe 78784 8b 5b 3a la
IR42
Control 16a 8a 7a 3a
PP-333 13b 6b 5b 3a
CcCC 16a 8ab 6ab 2a
Hoe 78784 14b 7ab 5b 3a
IR64
Control 15a 7a 6a 2a
PP-333 11b 6b 5a 3a
CCC 15a 8a 5a 2a
Hoe 78784 12b 6ab 5a 2a
IR21820-154-3-2-2-3
Control 15ab 10a 6a 3a
PP-333 15ab 8b 6ab 3a
CCC 17a 9b 6a 3a
Hoe 78784 13b 7c 5b 3a

* In a cloumn, treatment meas having a common letter{s) are not significantly different at the 5% level by
DMRT.
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had the highest stem and leaf dry weights, but least
tiller number. Leaf area of rices did not significantly
differ among treatments. However, IR64 had the
widest leaf area. In contrast to results, Galjcenko
(1952) reported that high area weakens the resis-
tance of plants to lodging. Hou(1983) reported that
CCC applied 20 to 40 days after sowing seeds in the
nursery significantly reduced plant height, Further-
more, CCC-treated transplanted seedlings were shor-
ter and had thicker stems than the untreated seed-
lings., There is much disagreement among workers
regarding the association of plant height with lodg-
ing, though majority conclude that short and stiff
-strawed varieties are less likely to lodgred. IR36 had
shorter internode compared with the other varieties.
In short-satured varieties (IR36 and IR64), growth
retardants reduced internode length in the second
and third internodes{Table 9} . Tall varieties had a
significant reduction up to the fourth internode.
Hoe78784 and PP-333 consistently shortened inter-
node length in all test varieties while CCC did not
Kwon and Yim(1986) reported that PP-333 shor-
tened plant height and culm length, particularly
when applied qt 200g/ha at the meiotic stage of rice
plants, PP-333 also shortened the upper third inter-
node and decreased lodging index without reducing
yield. Takano (1969) stated that the shortner the
length of the fourth internode, the greater the break-
ing strength of culms. Im some cases, the longer the
length of the fourth internode, the greater the culm
breaking strength.

The effect of PCP on internode elongation was

Table 10. Culm thickness{mm) of third and fourth
interrnode of four rice varieties as
affected by plant growth regulators.

TREAT- IR36 IR42 IR64 1R21820-
MENT 154-3-2-2-3
3rd internode
Control 0.40 0.46 0.49 0.43
PP-333 0.51 0.49 0.51 0.51
CCC 0.44 0.45 0.46 0.44
Hoe 78784 0.53 0.51 0.4 0.51
4th internode
Control 0.53 0.60 0.65 0.58
PP-333 0.61 0.63 0.74 0.67
CCC 0.56 0.57 0.68 0.60
Hoe 78784 0.63 0.67 0.76 0.69

Table 11. Culm diameter (mm) of third and fourth
internode of four rice varieties as
affected by plant growth regulators.

TREAT- IR36 IR42 IR64 IR21820-
MENT 154-3-2-2-3
3rd internode
Control 3.4 3.6 4.0 3.8
PP-333 3.9 4.2 4.3 4.1
CcCC 3.6 3.6 3.8 3.8
Hoe 78784 3.9 4.1 4.4 4.0
4th internode
Control 3.8 4.7 4.8 4.4
PP-333 4.2 5.0 5.3 5.0
CCC 3.8 4.7 4.9 4.5
Hoe 78784 4.7 5.5 5.4 5.1

Table 12. Vascular number of third and fourth inter-
node of four rice varieties as affected by
plant growth regulators.

TREAT- IR36 IR42 IR64 1R21820-
MENT 154-3-2-2-3
3rd internode
Control 24 28 28 29
PP-333 25 30 29 30
CcCcC 24 28 28 26
Hoe 78784 26 30 29 28
4th internode
Control 25 31 29 28
PP-333 26 29 29 28
CCC 26 30 28 28
Hoe 78784 26 30 30 29

also studied studied by Hashizume and Yamagishi
(1969) . They found that soil treatment with PCP
after effective tillering successfully controlled exces-
sive vegetative growth and strengthened the rice
plant resistance to lodging. because PCP controlled
the elongation of basal internodes and increased
breaking resistance of culm. In general, Hoe78784
and PP-333 increased thickness and diameter of the
third and fourth internodes in all varieties, while
CCC and the control produced lesser thickness, diam-
eter and number of vascular bundles of the third and
fourth internodes(Table 10, 11, 12).
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