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COMPENDIO

Se ha eiindiado el efecto de cinetina y morfaciing sobre la expresion sexual
floral del vicino (Ricinus communis L. cv ‘Arund'). Se observd gue I proporcidn de
flotes femeninas a masculinos fue de 1: 4,75 en las plantas testigo, de 1. 1,61 en
las tratadas con cineting, y de 1 3,29 lar con morfactina. Aungne el nimero de flores
masculinas anmentd en las plantas tratadas con morfacting, la proporcién enire los
sexos no se alterd mucho ya gque no hubo disminacién de flover weascnlinas  Compa-
rado con el testigo, la altura del tallo disminuyé y el wimero de nudos anmentd con
el tratamiento de morfacling, mientras que la altwra y el wimero de nudos anments

can la cineting.

Se dircwte la modificacion de la expresion sexnal con vespecto a las fracciones
del fdsforo y algunos elementos minerales. El P-fotal, el P-fnorginico, Puicido nncleico
y P- proteina, se incrementaron, mientvas que el P-lipido disminuyé con los Irata-
mitentor de cinetina y meovfacting, comparados con el testigo. Los contenidos de sodie,
polasio y caleio fneron favorecidos por ambas tratamientos Las flores marcnlinas se
caraclesizaron por niveles mids altes de P- total y P-inorgdnico, y las flover femeninas,
por uiveles mds altes de P-orginico, P-lipido y P-dcido nucleico. Los contenidos de
potasio y calcio fueron mds altos en las flores mascnlinas, y el sodiv mds alto en lar
flores femeninas. El increnento de la feminizacion fue cansada ianto por la cinetina
como por la morfactina, mds en la primera gue en la segunda. Asi la morfacting re
comporté en forma similar que la cinelina.

Tntrodeection

kers to elucidate their effects on flowering and

sex expression in various flowering plants (22)
Morphactins significantly affect sex expression in some
cucarbits (3, 9, 20) and increases male tendency in
Luffa acutangula (4, 10). Induction of feminization
has been reported by treatments with cytokinins (5, 8,
16). The effect of growth regulators on the physiology
of sex expression in monoecious plants is scanty, hence
the present investigation is designed to study the effects
of kinetin and morphactin on sex expression in castor

MORPHACTINS have been used by several wor-
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One approach for the understanding of the mecha-
nism of flowering and sex expression in higher plants
is to study the endogenous changes of metaholites dur-
ing the process of feminization. Changes in some major
elements such as phosphorus, calcium, sodium and po-

tassium are presented and discussed in the present
study.

Marerials and Methods

Castor {Ricinus conmanis 1) is an important oil
crop, and is widely grown in tropical, sub tropical and
temperate countries ‘Aruna’, a radiation induced mu-
tant has dwarf habit and relatively early maturity It
has a non-shattering spike, so it has been chosen for
the present study. The seeds were sown in homoge-
nously manured plots. The plants reached anthesis
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stage eleven weeks after sowing The shoot tips wete
collected at the following stages in control and treated
plants and were used for chemical analysis

Sampling stager

Seedlings, two weeks after sowing
Plants, four weeks after sowing

Stage 3: Plants, six weeks after sowing

Stage 4: Plants, eight weeks after sowing

Stage 5: Plants, nine weeks after sowing. This is
the critical vegetative stage where the shoot tip begins
to transform itself into reproductive bud

Stage 6: Plants, ten weeks after sowing. This is
the critical reproductive stage where the shoot tip was
transformed from vegetative to reproductive bud con.
taining minute male and female flowers in its sheath.

Stage 7: Plants, eleven wecks after sowing This
is the znthesis stage where the terminal racemose inflo-
rescence shows anthesized male flowers and well dif-
fercntiated female flowers.

Stage
Stage

PR I S B

Treatments

Kinetin  {6-furfurylaminopurine) and  morphactin
FMD 7300 W (methyl ester of chiorfluerenol) were
used at a concentration of 20 ppm each. The aqueous
solutions of the chemicals with 0019, wetting agent
(Tween-20) were sprayed at stage 3 and 4 to the
stem tips and fully expanded upper leaves of the
plant. Distilled water with welting agent was sprayed
for the control plants. Separate plots were maintained
for each freatment.

Inflorescences at the seventh stage were removed
from control and treated plants and the pumber of
female and male flowers were couated. The flower
sex ratio was calculated The number of nodes and
height of the plants were aiso noted. The acid soluble
inorganic, lipid, nucleic acid and protein phosphorus
were extracted by the procedure of Hall and Hodges
(7) and then the orthophosphates were estimated by
the method of Fiske and Subba Row modified by
Bartlett (1). Difference between the total and acid
soluble inorganic phosphorus gives the organic phos
phorus. Sodium, potassium and calcium were estimated
by using flame photometric methods (18)

Results and Discnssion
Sex expression

The proportion of pistillate to staminate flowers
has been used as an index of sex expression. It was
observed that the ratio of pistiliate to staminate flowers
in control plants was 1:4.75. There was an increase
of 78.139; over control with kinetin treatment and
41.63¢5 with morphactin treatment in femaleness. The
pistillate: staminate ratio was as follows — control
1:475, kinetin 1:1.61, and morphactin 1 :3.29
(Table 1). With morphactin treatment, the reduction

Table 1 —Effect of kinetin and morphactin on changes
in sex expression, node of flowesing and
height of the plant (Mean of ten replica-

tions}.
Cantrol Kinetin Morphactia
Female flowers 32 57 45
Male flowers 152 92 148
Ratio of Female : Male 175 1:1 61 $:3.29
Node of flowering 178 19.0 19 3
+088 2 1.08 *118
Height of the plant in ¢m 98.5 113 8 93.1
+198 311 13
Female Male flowers
E  czlculated 23 114 31 14%
CD. at 5% levet 7 %3 17 36

©  Significant at P == 005,

in maleness was only 3¢, but the increase in female
ness was 409 hence the ratio of pistillate to staminate
was not significantly altered in relation to control
plants. As opposed to this behaviour, kinetin reduced
the maleness by 409 and increased femaleness by
78% and hence the ratio of pistillate to staminate was
significantly altered The flower sex expression was
analysed statistically The values for critical difference
(C D) were calculated at 595 level when they became
significant. In the cese of female flowers, the CD.
values showed highly significant differences between
control and treatments There was significant difference
between control and kinetin but the results were insig-
nificant between control and morphactin treatments in
the case of male flowers Increase in femaleness with
morphactin treatment is in correlation with the pro-
duction of pistillate flowers in Luffa acntangula (2)
Strong supression in maleness (21) and increase in
maleness (10) is also reported. In the present study
morphactin could not increase or decrease maleness
significantly. A slight reduction in the height of the
plant with morphactin treatment can be corrobarated
with the results of inhibition of elongation growth of
new growiag internodes (14, 15).

Total and Inorganic phosphorus

A steep fall in total —P and inarganic— P con-
tent was noticed from stage 1 to 6, however, an in-
crease was noticed at the fourth stage ireespective of
the treatments. (Table 2). Kinetin and morphactin
caused an increase in total-P and inorganic-P, more
in the former than in the latter teeatment. In the shoot
tips, at the sixth stage the increase in total-P was
11.68% and 6.889 and inorganic-P was 30.599% and
20.149, with kinetin and morphactin treatments res-
pectively The percentage values are calculted from the
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Table 2 —Changes in phosphorus fractions of shoot tips, female (I'e) and male (Mn) flowers of control,
kinetin and morphactin treated plants (Mean of three replications)
mypfy dry weight
Contral Rinetin Morplhactin
Stapes
To P In. P Or P To P In P Or To. P In P Or. F
1 691 5409 1432 - —_ — — — —
SE =® 012 022
2 5.66 375 191 e e — — - —
SE % 022 007
3 477 262 215 —_— — — — — _
SE &% 009 0403
4 5.54 2G4 276 377 2095 282 5 64 284 280
SE = 0.02 008 D8 012 021 012
5 {28 172 256 509 247 262 456 198 258
SE & 0.16 015 008 008 024 0 06
6 417 134 283 4 66 175 291 1.46 £ 61 285
ST & 008 0.02 0135 0.06 019 008
Fe 342 153 189 38 1.68 216 373 159 214
SE & t11 001 017 007 015 006
7
Ma 425 261 164 477 299 177 435 2.67 167
SE = - 0.13 012 0.02 012 n22 010

To. P: Total phosphorus

Inorpanic phosphorus; Or P

organic plhosphorus

actual values although they are not included in the
tables Thus, more feminization was characterized by
higher levels of total-P and inorganic-P. Total phos-
phorus content was high in shoot tips corresponding
to high sugar content (19). Mac Gillivray (13) and
Singh and Singh (23} illustrated that low phosphorus
levels caused a relative increase in reducing sugass.
The present study cannot corroborate their observation.
Not all growth reguiators cause an increase in PPi
Ormrod and Williams (17) found that 50 pg of 2,4-
dichlorophenoxyacetic acid or gibberellic acid per plant
applied as a spray caused decrease in PPi. Petioles and
stems showed this effect In the present study, activa-
tion of PPi accumulation by kinetin and morphactin
occared in shoot tips indicating biosynthetic reactions
operating at high rate in these parts.

Male flowers possessed higher amounts of total
and inorganic-P than that of the female flowers. Ku-
barev (11) observed more inorganic-P in the ears than
in panicles. This is contradictory to the observations in
the present study.

Organic phosphorits

Lipid-P and nucleic acid-P increased from stage 1
to 6, except a slight decrease at stage 5: protein-P
decreased from stage 1 to 3 then increased up to the
last stage (Table 3). Both the treatments showed the
same trend. At the sixth stage the Increase in nucleic
acid-P was 19 859 and 9.049%; protein-P was 11 429,
and 7 14%; and the decrease in lipid-P was 20 77%
and 21 679 with kinetin and morphactin treatments
respectively  The results revealed that lipid and nu-
cleic acid-P contents increased during vegetative and
reproductive stages, whereas protein-P decreased during
vegetative and increased during reproductive phases
indicating that these are required for flower initiation.
More feminization was characterised by high levels of
nucleic acid-P and protein-P and low level of lipid-P

Lipid, nucleic acid and protein phosphorus contents
in female flowers surpass male ones, except the pro-
tein-F in the female flowers of control plants where
it was lower than male flowers. Female and male
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Table 3.-Changes in phosphorus fractions of shoot tips, female (Fe) and male (Ma) flowers of control,
kinetin and morphacting treated plants (Mean of three replications).

mefe dry weight

Centrol Kinetin Morphactin
Stapges
1i P Nu P pr P Li Nu P Pr. P i Nu ¥ P P

1 ¢.45 0.44 0.52 — — —_ — — —
SE =% 003 0ot 0oz

2 0.61 G93 0.35 — — — —_ —_— o
SE =& 003 009 001

3 071 1.18 0.26 — — e — — —
SE = 001 012 001

4 112 133 031 098 1.50 033 1.05 144 032
SE &= 0.04 005 001 0.04 308 001 004 001 001

5 0.96 1.28 033 082 144 036 90 1.34 035
SE = 003 0.04 0.02 001 006 001 0.02 005 o0z

6 112 1.364 0.35 0.89 163 039 089 148 038
SE % 003 005 0ol (03 0.03 0.0t 002 006 001
Fe 081 085 0.23 074 0.96 0.49 076 111 02y
SE & 003 0.02 0601 0.03 003 002 003 002 0.0t
7

Ma 071 062 G 3t 067 081 029 068 079 22
SE. *& 0903 001 0.01 0.01 002 001 0.02 002 001

1i P: Iipid phosphorus; Nu P: MNucleic acid phosphorus; Pr P: Protein phosphorus.

flowers of treated plants contained lower amounts of
lipid, higher quantities of nucleic acid and protein-P
than the flowers of control plants.

Calcium, potassivm and sodiny

Calcium content of the shoot tips decreased from
stage 1 to 3 then increased up to the sixth stage, even
with the treatments (Table 4). Calcium content was
more in the male flowers than female flowers. Studies
of Kwack (12) revealed that Ca binding takes place
in the pectins of the pollen tube walls. Radioactive Ca
incorporation was observed exclusively in the pollen
tube wall regions of Crinam asiaticum. ¥is studies pro-
babiy indicate that male flowers require more Ca, and
hence they contain mote Ca. In the present study, Ca
content was found to be more in the male flowers in-
dicating that monoecius plants do not differ in the
composition of minerals with respect to Ca durig sex
differentiation.

Potassium content decreased during vegetative phase
and increased during reproductive phase. Both the

treatments increased potasstum at all stages At stage
G, the increase in potassium content was 60,299 with
kinetin and 26.24% with motphactin treatment The
data indicate that more feminization was characterized
by high levels of K in shoots tips Male flowers were
richer in K content than female flowers Wakhloo (24)
studied the effect of different levels of potassium in
Solannm sisymbrifolinm and concluded that plants hav-
ing a higher K do not bear the female sterle flowers
As K content was high in shoot tips of castor, female
flowers that are fertile are produced, although their
number is less than that of male flowers. Presence of
high potassium in male flowers appeats to be contra-
dictory and in monoecious plants mineral composition
of sexes may be different. The observation made by
Dobrunov (6) that female organs have mote mineral
clements is not entirely correct in view of the present
study as male flowers were characterized by higher po-
tassium and calciam contents

The content of sedium increased during the vege-
tative phase and decreased during the reproductive
phase irrespective of the treatments. The increase in
sodium content was 50.00 per cent with kinetin and
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Table 4 --Effect of kinetin an dmorphactin on changes in calcium, potassium and sodium contents of shoot
tips, female (Fe) and male (Ma) flowers (Mean of three replications).

mg/g dry weight

Canlrol Kinetin Morphactin

Stapes

) Ca R Na Ca K Na Ca K Na

1 2.80 15.52 078 — — —_— s - -
SE * 007 0.14 0.01

2 208 1096 082 — - — — e —
SE % 009 0.33 ooz

5 184 11.76 102 — p— — — — _
SE = 6 0% 010 003

il 168 10 56 1.14 200 13.52 126 232 11.76 118
SE ® 0.02 009 006 0.04 0.44 no7 004 017 0ol

5 192 724 092 2 14 1212 120 2,30 10 08 0.96
SE & 0.07 008 003 00y 036 007 0.05 031 003

G 198 8.6 074 218 1362 1.02 2 4 1068 050
SE. & 0.08 005 0ot 0.07 0.63 001 007 036 0.03

Fe 1.36 2.64 0.32 152 3.22 048 142 296 038

SE = 001 0067 002 1 ¢ o7 001 00 0os 00
7
Ma 208 4.00 022 1.92 368 G 24 216 464 018
SE * 0.05 G153 0.01 007 0.05 ¢ o1 0.07 617 0.01

18 75 per cent with morphactin treatment at the repro-
ductive stage. More feminization was characterized by
high level of sodium. Female flowers possessed higher
sodium content than male ones.

Thus, in a final assessment of the results, it is con-
claded that morphactin exactly resembled kinetin in
its response, although the effectiveness of the response
is slightly less It would be premature to draw any
general conclusion as to how morphactin can simulate
cytokinin although they are structurally different.

Summary

The effect of kinetin and morphactin on flowes
sex expression has been studied in castor (Ricinws com-
munis L var "Arana’}. It was observed that the ratio
of female to male flowers was 1:4.75 in contsol,
1:1 61 in kinetin and 1:3.29 in morphactin treated
plants. Although the number of female flowers in-
creased in morphactin treated plants the sex ratio did
not alter much as there was no decrease in male flowers,
Compared to control, height of the stem decreased and
number of nodes increased with morphactin treatment,
whereas height and number of nodes increased with
kinetin.

The modification of sex expression is discussed
with respect to phosphorus fractions and some mineral
elements Total-P, inorganic-P, nucleic acid-P and pro-
tein-P were increased, whereas lipid-P decreased with
kinetin and morphactin treatments, when compared to
control. Sodium, potassium and calcium contents were
enhanced by both the treatments. Male flowers were
characterized by higher levels of totalP and inorga-
nic-P, and female flowers by higher levels of organic-P,
lipid-P and nucleic acid-P. Potassium and calcium con-
tents were higher in the male flowers and sodium
higher in the female flowers. Increased feminization
was caused by kinetin and morphactin, more by the
former than by the latter Thus, morphaction exactly
behaved as kinetin,
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