] Mayalagu g1 al.,

kaolinitic, megathermic  family  of  Typic

Haplustorthents.
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INFLUENCE OF BIOCHEMICAL CONSTITUENTS ON THE SEX
EXPRESSION OF PAPAYA

N. DHARA and L. VEERANNAH

Department.of Crop Physiology
Agricultural College and Rescarch lnsl!!rute
Tamil Nadi Agricultural Universi*
Madurai 625 104

ABSTRACT

Studies were made on the biochemical substonces of papayn, in tvo varieties (CO 5 and
SRS) al three stages of crop growth in eight different sced groups, 1t was found that the leal prosein
content was higher in the black and bold seeds; and also i the males followed by hermaphrodites and
low in feinales. Phenol content was lower in females than males and hermaphrodites. The reverse
was true with RNA and DNA contents. IAA oxidase activity was higher in the leaves of male papaya.
followed by the hermaphrodites and the lower in females. The females had moie cytokininand lower

G A than the males and hermaphrodites,

KEY WORDS :

Sex in papaya seems to be highly inﬂuance'l:_l
by the biochemical substances present in the plants

before flowering. Many workers have tried sex

forecast in papaya on the basis of colour reaction of
dried tissue through chemical tests. However, 100
per cent forecast has not been possible. Jindal and
Singh (1976) observed specific patterns of profein
in the male and female flowers and plants of
papaya. and also changes in the patterns, specific to
cach sex, as the flowers developed. Dutta and
Mazumdar (1989) reported that the leal protein
content- was higher in the female trees of papaya
over male trees, Jindal and Singh (1975) reported
that the amounts of free - acid and alkali
hydrolysable  phenolic  compounds  were
considerably higher in male plants. A comparison
was allempted between the typically dioecious male
and female tees of papaya by Nandi and
Mazumdar (1990), who reported a higher level of

Papa},'n. seed groups, sex expression, biochemical constituents

- endogenous RNA and histone protein content'in the

female plants. Hasdiseve er al., (1989) reported that
male papaya had the highest levels of auxin - and
gibberellin - like substances while females had the
lowest. Khryanin (1989) reporied that in hemp and
spinach cytokinin activity was greater in female
plants than males ; GA activity was more in males
than in females. '

MATERIALS AND METHODS -

" The study was conducted at the Agricultural
College and Research Institute,” Madurai during

©1991-92, Two varieties of papaya were taken up for

Stﬂd}f na.mcly, SRS (Vi) and CO 5 W'm] The seeds -
were gmupcd into eight classes based on their size
as extra large (S1), large (S2), medium {Sﬂ and
small (S4) using BSS wire mesh sieves. and based-

~ on their colour as black ICU and brown (Ca). The

biochemical constituents _n[ papaya leaves such as
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Tﬂi?lt L Effect af seed grouping on feal protein (mg/g)

' TTHIHHE_HIS ) Ci

C:

Sinécé Eu.Su 5 5 5t S 5 5 = 5 SED Chons

Smeel V) 953 1320 §70 1580 952 1132 137 (213 1060 37 7%
Ve 1117 92.0 160 1100 07.0 060 IS0 1D Y.

Stage2 V¢ 1087 1453 1770 1603 969 1271 137.1 130 1152 47 9.6
Ve B44 T 1008 131.9 1162 1207 131.2 134.2 105.9 014

Stage 3 .

Gex-1 Wy 1146 1098 1006 7RO 1313 1083 5.4 64,1 95.6 56 1.4
Y+ 1033 950 102.1 97.5 9] .4 090 - lol4 1000 88.0

Sex-2 Vp 1108 (08 96.3 717 1210 1284 1275 1046 975 9. 18,5
Wao 1267 0 113 - 1030 1025 957 1125 1075 1Y 927

Stage | - Seedling stage CoSo - Contral Bulk

Slage 2 - Vegetativi stage C) - Black seeds

2 - Brown seeds

51 - Extra large secds
Sz~ Large seeds

81 - Medium secds
S~ Small sceds

Stage 3 - Reproductive stage

Sex - | - Females

Sex- 2 - Hermaphrodites in SRS (V1)
and Males in CO 5 (V)

protein,-phenol, nucleic acids and the enzyme IAA
oxidase were estimated at three stages of crop
growth, viz,, seedling, vegetative and reproductive
stages by normal methods, The growth regulating
substances such as gibberellic acid and cytokinin
were also estimated, - '

RESULTS AND DISCUSSION

Protein f

The varietal and size difference were marginal
as also the colour variation (Table 1). Regarding
the protein content over stages, vegelalive stage
recorded significantly -higher protein content than
seedling stage. Also, the protein content was higher

Table 2. Effect of seed grouping on leafl phenal {m g

in the males followed by the hermaphrodites and
the least in the females, No significant correlation
was observed between the protein content at any
stage of the crop and sex ratio. The differences
among sex can be cxplained in the light of larger
metabolic sink of females which need greater
amount of metabolites for the developing flowers
and fruits. However, Dutla and Mazumdar (1959)
and, Nandi and Mazumdar (1990) reported that
females had higher protein content than the other -
sexes,

| thpl'

The difference in phenolic conlenl among
various size groups was negligible (Table 2). As

Trealments g0 _ Al Gt SED  CDOOS
Stapes ' St 51 51 54 5 Sa 51 51 .
Stage | Vi 0450 . 0527 05700 0618 0605 0574 0600 Oedd  DEE 0002 000
Va 0421, 0513 . 0526 0480 0571 0513 0S92 0627 0635 .

Stage2 Vi 0480 0419 0529 D435 0476 04I0 0439 Q4Rd 0517 b6 pnd2
Vs D520 0455 0505 0441 0559 0499 11563 0.606 .62

Stage 3 _ !

Sex-1 V; 0318 0341 0350 0365 0370 0330 0276 0349 0339 000 (i
va 0376 0366 0321 0302 0345 0392 0361 0421 040

Sex-2 Vy 0401 0351 0361 0363 0372 0332 0M6 0381 0335 0017 Obed
Vi 0442 0355 0342 03§ 0323 048 0441 04D 0461

Stage 1 - Seedling stage CaSo « Control Bulk

') - Biack seeds

Stage 2 - Vepelstive stage

Stage 3 - Reproductive stage C1 - Brown secds

Sex - | - Femalzs . 51 - Extra large seeds
Sex « 2= Hennaphrodifes in SRS (Vi) Sz- Large seeds
amd Mples in CO 51V3) 51 - Medium seeds

51 - Small seeds



%7 Dhara and Veerannnh

Tahle 3. Rffect of sced grouping on feal DNA (mg/g)

Treutments C (s _ I ;.'
Stpges Come 5 Su 53 5 59 ) 5 T SED: . CDIos _

Smee | Vi 2057 2016 A6 1948 2927 2024 2972 1208 K0D4 0059 D120
Va2 L0300 023 0043 Zio0 1292 0466 0479 1578 = )

Stage2 V) 3288 4006 4419 2837 4428 345 5062 L3 LOBL 0483 . 0961
Va o l24¢ 1524 0446 0280 2723 2059 0798 0277 2315

Stage 3 ’ 3

Sex-1 Vo 0234 0471 0303 0431 Q246 0472 0436 0I00 0290 0066 - OBIT
Vi 0274 0492 0J63 0252 0092 D96 0353 03R4 0305 X

Sex-2 ¥y DASO 0250 0095 0225 004 032 0425 0097 0a25 0wz o042
Vi 0260 0343 0138 0226 0090 035 0259 0295 0201 '

CoSo - Control Bulk
Ci - Black sceds

Ca - Brown seeds

51 - Extra lorge seeds
51 - Larpe secds

53 - Medium seeds
Si- Small seeds

Stage | - Seedling stage

Stage 2 - Vopelntive stage

Stage 3 - Repenductive stape

Sex - | - Females _

Sex - 2 - Henmaphrodites in SRS (V)
and Males in CO 5 (V2

the age of crop advanced. the leaf phenol content
decreased. A highly significant negative correlation
was observed between the phenol content at
seedling stage and the female sex ratio (r =
-(.705%*), Al the vegatative stage also. a significant
negative association was observed (r = -0.475%)
and, a significant positive association with that of
males and hermaphrodites (r = 0.475%). The
females had significantly lesser amounts of phenols
than the hermaphrodites ; males had higher
amounts, There was no significant correlation
found to exist “between the phenol content at
flowering stage and sex ratio. The results of the
present study arc in confirmity with: the carlier

repors of Bhattacharya and Rao (1982). Many of

Tabled. Effect of seed grouping on Jeaf RNA (mg/g)

the polyphenolic substances such as caffeic acid
and quercelin, identified in the papaya leaves have
been found to synergise the action of [AA
(Tomeszewski, 1964). This is not necessary for
males, and hence the phenolic content of males was
high. In the case of females, since the auxins play
an imporant role in feminization the role of
synergetic phenols of TAA is more, whereas. the
role- of inhibitory phenols- of IAA is reduced.
possibly Tor-the conversion 1o female flowers.

- Nueleic acids

~ DNA : The maximum leaf DNA content was
recorded al the vegetative stage, followed by the
seedling stage, and the least at flowering Stage.

Treatments ’ C C: .
Stages CoSo 5 5 5 5 5 5 5 ¥ SED  CD003

Smgel V) 023 0483 0206 0052 0i32 0 G467 0219 009 0263 0009 0Gis
Ve 0273 Qa0 02Tt 0163 L0320 0,039 0123 Dz 0073 ‘ :

Stage2 Vi 061 0010 0050 0403 0129 . 0436 0S31 0065 0020, 0022 (MS
V2 0037 0059 0064 D813 N3z 007 D252 0.591 0.0zl

Sioge 3 : .

Sex-1 Vi 0,604 0L.728 0.659 (1.557 [.535 (1542 0761 512 0.636 0022 0,045
Va 00753 0765 (LROO 0.555 0.86% 1.030 0.R12 (1.73% 0.525 .

Sex-2 WV Ds05 0715 0600 (540 n325 0499 0.682 454 0.e40 oo
Ve 0S50 0750 0510 0450 0670 D.4R5 0443 0A0e 0337 '

CoSo - Conirol Bulk
C - Black seeds

Cn - Brown seeds

51 - Extra large secds
52 = Large seods

S5 = Medium seeds
S - Small seeds

Stage | - Seedling stage

Seape 2 - Vegelative stage

Stage 3 - Reproductive staga

Sex - 1 - Fomales

Sex « 2« Hermaphrodites in SRS (Y1)
and Males in €0 5 (Va)
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Table 5. Effect of seed grouping on leaf TAA Oxidase activity (ug of IAA oxidized/2 hours/g)

Tty 0 SRR & SED  CDOOS
Stages . & 83 53 Sy Sy Sz 83 51 o

Stagel Vi 0.73. OBI 080 091 076 O8I 071 086 090 002 00
“ya o079 081 . 130 076 09 035 042 033 055

Stage 2 V' B.5B 8.62 B.10 9.37 7.90
-V 7.53 8.27 113 158 957
Stage 3

8200 753 B0 930 U 020 043
737 430 650 550

298 - 28l 380 400 0.4 028

377 .4l 352 - 310 ;
291. 3.9 403 03 0.26

380 4.33 3.79 3.43

Sex-1 Vi 247 37 Adl 38y 266
V; 383 3200 440 . 283 ER Y]
Sex-2 Vi 357 ©..337 413 284 303
Va4l 3137. © 440 297 3.21
Stage 1 - Seedling stage CoSo - Control Bulk
Stage 2 - Vegetative stage Ci - Black sceds
Stage 3 - Reproductive stage 'C2 - Brown sceds
Sex - | - Females ' 51 - Extra large sceds
Sex - 2 - Hermaphrodites in SRS (V1) . S2-Large seeds .
and Males in CO 5 (V3) S~ Medium seeds
- Si- Small seeds

Among the various sex groups, maximum DNA
content was observed in females followed by males
and then the hermaphrodites (Table 3). There was
no significant correlation observed between the
DNA content at any stage- and sex ratio of the crop.

Though thie protein content was lower in the leaves
of female papayas, the DNA content was higher..
The DNA may regulate the synthesis of specific

proteins ‘of females, It may. be assumed that a )

specific protein of females and a specific cytokinin
formed a hormone - acceptor complex in the cells,
which regulated the activily of genes responsible
for the female séx expression.

Table6, Effect of seed grouping on leaf hormanal content (ug/g)

RNA Significant increase in leal RNA

content was noted with increasing age of the crop

(Table 4). The leaf RNA content of males and
hermaphrodites was found to have a significant
negative correlation with the sex ratio (r = -0.486%),
Also, at the seedling stage, a significant positive
correlation was found 1o exist between the RNA
cunb::nl and the female sex ratio (r = 0.474%)
Similarly, a significant but negative correlation was
noticed between the RNA content at seedling stage
and the sex ratio of males and hermaphrodites (1 =
-0.474*). Females had significantly more leal RNA
content followed by the hermaphrodites and males.
Thus, the present study confirms the relatively

Treatments | G Ca .
Stages C?SP 5 Sz 53 54 S 52 Sa 81 e L “'“'_
Gibberellic ozid .
Sex-1 ¥y 13r4 1055 345 915 28R 107.2 704,  BEB 114.9 il hd
Vo 615 42 190 232 397 983 816 1208 1275
Sex-2 Vi 2815 3073 3683 3559 3163 2759 3230 30RO 15932 7.4 150
Vs 3333 2743 4454 381 3034 1067 2086 1125 1604
Cytokinin T '
Sex-1 ¥V 064 B8R 9.1 92.8 1153 854 0.8 054 98.4 20 dn
vV, 813 573 912 967 1013 734 773 81.0 8S.7
Sex-2 Vi 725 B4d 807 K99 087 640 65.3 743 7.3 21 42
Vi B4 B4.3 #0.2 90.0 924 70.0, 75.1 65,4 784 .

oS0 - Control Bulk

Sex - |- Females Ci - Black seeds
Sex - 2 - Hermaphrodites in SRS (Vi) Co- Brown seeds
and Males 1n CO S (V2) 81 - Extra lnrge seeds
Ss - Large seeds

Sx- Medivm seeds
81 - Small seeds
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higher metabolic status of females over males and

hermaphrodites,

TAA oxidase : The activity of TAA oxidase in
terms of amount of IAA oxidase was estimated. In
the different colours and sizes of seed groups, the
enzyme aclivity was significantly more in those
which were in favour of maleness, the brown
colour (C)) and the smaller seed groups (83 and
S4). Thus,
considered as one of the aids of sex differentiation.
However, a direct correlation between the enzyme
activity and the sex ratio could not be seen. Higher

amount of TAA was oxidised in the males {ollowed .

by the hermaphrodites and the lower in the females.

The enzyme activity was low in the females,
since JAA isa feminising hormone which activates
by inducing ethylene evolution (Khryanin, -1989).
Also, the IAA content of males was very low
compared to females (Galun er al., 1965), This was
praved in the present study also.

Growth regulating substances

Gibberellic Acid (GA) : The small sced size
recorded the maximum GA content, and also the
brown colour (Table 6). The hermaphrodites had

significantly higher amount of GA followed by the
There was no

males and then the females.
significant correlation observed between the GA
content and sex ratio,

Cytokinin : The planis of black seeds had
more cytokinin content whereas, the smaller sceds
also recorded more. The males and hermaphrodites
had lower cytokinin content than the females.: No

significant association was lound to exist between °

the cytokinin content and the sex ratio, However, a
significant . positive comelation was obscrved
between the GA content of .males and
hermaphrodites and the cytokinin content of
females (r = 0.523*), Thus, the results clearly
indicate that the endogenous hormonal levels are
the deciding factors of the sex ratio.

Heslop-Harrison (1963) proposed a hypothesis
stating that the sexual diflerentiation was controlled -

by the endogenous' level of auxins in reeions

the TAA oxidase activity can be

ncighhduring the - flowering- primordia. ; during.
flowering, the formation of pistillate organs may be
favoured by high auxin levels in the. vicinity of
differentiating primorida, and of slaminate organs
by low auxin levels, Thus analysis of hormone
content at the tip of the plant is necessary. Rudich
et al., (1972) reported that the increased levels of
auxins and inhibitors with a decrease in gibbere!llin
content resulted in the female flower production.
The present study also support this view.
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