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more in straw than in grain. It bhas been reported by
Tulin et al.® from a study in soils contaminated due
to Chernobyl accident that the increasing levels of
potassium fertilization reduce the absorption of '*'Cs
from soil by oats. Similar obscrvations were reported
by Orlovius and Sattler’. Although in the present
investigation the crop was fertilized with 40 kg K,O ha™
and has illite as the dominating clay mineral, the
contamination level did not show a decline in soil
to plant transfer of '°>’Cs in both pearlmillet and sor-
ghum.

The results reported here indicate that release of con-
siderable amounts of radionuclides from nuclear facili-
ties resulting in contamination of soils, may find their
way 1nto crops in the tropical regions and eventually
into the food chain of man.
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Caesalpinia pulcherrima (Caesalpiniaceae) produces
four categories of morphologically distinguishable
flowers within the same inflorescence, viz, flowers
with long, medium, short and rudimentary styles.
The stylar length variation within an inflorescence
was found to be discontinuous. The long-styled flow-
ers were functionally hermaphroditic and are pro-
duced towards the basal region of inflorescences
whereas medium, short and rudimentary styled flow-
ers were essentially males and are produced towards
top region. The adaptive significance of this varia-
tion has been discussed in the light of stochastic
events of resource availability and plant-pollinator
interaction.

STYLE lengths of flowers borne on different individuals
vary notably among species exhibiting di and tri-stylous
condition*. Among andromonoccious species, male
plants bear flowers with rudimentary styles while {flow-
ers of hermaphrodite plants possess normal styles™ .
However, among angiosperms, perfect flowers borne on
a plant or even within an inflorescence also exhibit
subtle differences 1n floral morphology and/or function,
For instance, flowers of Cuallonia grandifiora
(Polemoniaceac) exhibit intra-individual differences
with respect to style length, pollen tube growth rate and
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morphology of stigmatic papillae®. Cruden and Her-
mann-Parker’ have shown that Caesalpinia pulcherrima
produces two types of flowers within an inflorescence;:
hermaphroditic flowers with abundant nectar and normal
style; male flowers with rudimentary style and poor
nectar.

Of late, floral variations within an inflorescence have
been viewed as a result of dynamic interaction among
plants and their pollinators. In a recent study Gane-
shaiah et al.® have shown that figs guard their flowers
against depredation from agonid wasps by varying the
stylar length among flowers within a synconium. Sto-
chastic events of fruit set and availability of resources to
developing young buds within an inflorescence may also
determine the extent of variation in floral features.
Hence intra-inflorescence variation in floral features
may be more common in flowering plants and might also
represent an important mechanism to increase pollina-
tion efficiency. However, studies documenting such
variations are scanty.

We have attempted to assess variation in stylar length
within inflorescences 1n Caesalpinia pulcherrima
(Cesalpiniaceae), 1ts association with floral functioning
and also the possible adaptive significance of such
variations. .

The experiment was undertaken at College of Agricul-
ture, Raichur (16°15'N, 77°20'E; 389 m above MSL),
Karnataka, India.

Caesalpinia pulcherrima (Cacsalpiniaceac) is a per-
ennial woody shrub of Indo-Malayan origin®. Plants bear
etther bright red or yellow flowers throughout the year.
The {lowers exhibit psychophilic syndrome and hence
are pollinated by butterflics and moths’. In Cuesalpinia,
the inflorescence is a compound raceme with prumary,
sccondary, lertiary  and  quaternary mnflorescences
emerging from a common axis and bloomiag occurs n
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an acropctal succession (basal {loral buds bloom first
and proceed in upward direction). The flowers anthesise
around 8.00 am and are retained on the inflorescence for
well over two days. The older flowers change their col-
cur to deeper shades. Generally fruit set i1s maximum in
primary inflorescences followed by secondary inflores-
cences. In most cases tertiary and quaternary inflores-
cences fail to produce fruits.

During 1993 in each of the 18 plants found growing in
the campus (nine with yellow and nine with red flow-
ers), six randomly chosen inflorescences were tagged
before blooming. The flowers were observed for the
stylar character (Iength) throughout the blooming period
and grouped into four categories, viz. long (if the style
length was > 4 cm, extend above or at the same height
of the anthers), medium (if the style length was between
3 and 4 cm), short (style length between 1 and 3 ¢m) and
rudimentary (< 1cm). The observations were repeated
during 1994 for the same set of plants.

To assess the function of different styled flowers, they
were separately pollinated artificially. Pollen derived
from them was analysed for their size and percent fertil-
ity using acetocarmine stain test”. The number of ovules
per ovary was counted under a stereo-binocular dissec-
tion microscope.

Means were compared between groups by Student’s ¢
test, the frequency distribution by Kolmogorov Smirnov
Test'®.

Caesalpinia pulcherrima produces four morphologi-
cally distinguishable flowers varying in stylar length
within an inflorescence (Table 1). Although the style
length varies from 0.4 to 6.5 cm, flowers could be cate-
gorized into four groups viz. long styled
(mean+ SE=5.67+0.046 & 5.74 + 0.048 for yellow
and red morph respectively), medium (3.79+0.110;
3.44 £ 0.143), short (2.06 +0.058; 2.09 +0.042) and
rudimentary (0.65 £ 0.022; 0.67 + 0.020) (Table 1). The
frequency distribution of stylar length was multi-moded
and departed statistically from the normal distribution
(Table 1 and Figure 1; KS tests were significant with
P < 0.001 between frequency distributions). The mean
stylar length of each of these categories did not differ
between red and yellow morphs but differed signifi-
cantly within a morph (Table 1).

Table 1. Stylar length variation (in cm) in Caesalpinia

Yellow Red
Flower type n Mean + SE n Mean £ SE
fong styled 67  5.67°+0.046 S6 5.74*+0.048
Medium styled 25 3.79P+0.110 20 3.44"+0.143
Short styled 44  2.06°%0.058 63  2.09°%0.042
Rudimentary styled 40  0.65°%£0.022 67 0.679% 0.020

Mean values with same superscript (within a flower morph) do not
differ stanstically (*#’ test significant P < 0.001).
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~Figure 1. Distribution of stylar lengths of Caesalpinia (Yellow
morph — open circle; red morph — closed circle).

Table 2. Result of artifictal crossing/selfing
between the flower groups in Caesalpinia

Category Fruit set
Long (self) Yes
Long X long Yes
Long X medium Yes
Long X short Yes
Long X rudimentary Yes
Medium (self) _ No
Medium X long No
Medium X medium No
Medium X short No
Medium X rudimentary No
Short/Rudimentary X

Long or medium or self No

There was a clear spatial segregation of different
styled flowers within an inflorescence (Figure 2). The
flowers towards basal region were more often long
styled, while rudimentary styled flowers were borne to-
wards the upper portion of the inflorescence. The me-
dium and short styled flowers were distributed in the
middle region (Figure 2). Generally, the style length of
the flowers reduced from bottom to the top of the inflo-
rescence. Owing to acropetal blooming pattern, in any
inflorescence long-styled flowers bloomed first followed
by medium, short and rudimentary. The long-styled
flowers constitute about 44% (44.52 + 8.63%) of the
total flowers in an inflorescence, medium 5.64 + 3.11%,
short 19.54 +4.80% and rudimentary-styled flowers
30.63 £+ 7.98%.

The long-styled flowers produced mature fruits when
pollinated with pollen derived from flower of any other
stylar class as well as self pollen (Table 2). This indi-
cates that the long-styled flowers are bisexual and pollen
from all categories is fertile (Table 3). However, me-
dium, short and rudimentary-styled flowers did not set
fruits when they were pollinated from any other group or
selfed hence function as males (Table 2). No differences
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Table 3. Pollen size (value X 50 microns), fertility (per cent) and ovule number
(per flower) in different categories of flowers in Caesalpinia

~T T X [ 1t 3 * 3 L _F_§ L I § & £ J 1] ,

Yellow morph Red morph
Flower type Sample size¢  Mean+ SE n Mean £ SE
Pollen size
1. Long 31 17.516 £ 0.10 40  20.525 £ 0.09
2. Medium 36 18.306 + 0.17 22 20.318 +0.23
3. Short | 42 18.571 £ 0.17 38 17.237 £ 0.13
4. Rudimentary 40 18.425 +0.11 43 20.302 £ 0.10
Pollen fertility
1. Long 31 100 = 0.00 40 100 £ 0.00
2. Medium - 36 100 £ Q.00 22 100 £ 0.00
3. Short 42 160 % 0.00 38 100 = 0.00
4. Rudimentary 40 100 + 0.00 43 100 + 0.00
Ovule number per flower
1. Long 44 7.886 + 0.07 35 7.914+0.15
2. Medium 19 7.842 £ 0.16 15 7.867 £ 0.17
3. Short 33 8.121 £0.10 32 7.938 £0.12
4. Rudimentary 25 7.600+£0.14 29 7.724 £0.14
‘’ test non-significant.
a b Table 4. Dry weight (per flower basis including the stalk; in mg) of
| different categories of flowers in Caesalpinia
100 - Long Long Yellow Red
80 -
o Flower type . n Mean * SE n Mean £ SE
40 Long styled = 21 73.29°+5.136 27 84.67*+3.808
" . Medium styled 9  71.22°%6.144 28 70.57"+2.812
A ‘\1\,\ Short styled 20 56.55°+4.867 37 69.35"+2.642
. VA ] Mon Rudimentary styled = 21  48.86°+3.152 29 51.93°+ 3452
w . r—— I T ——— -
Medium Mediua Mean values with same superscript (within a morph) do not differ
“ 20 /\/V\t\’\ statistically but with different superscripts differ statistically ('’ test
: SR BV ALV significant P < 0.001). -
iy
E 60 Short T Short
T ’ . s "
g 40 | These results show that in Caesalpinia pulcherrima,
T 20 [W\ /‘j four morphologically distinguishable flowers based on
i . _ | stylar length are produced within primary inflorescences
| 100 |  Rudiwentary Rudimentary (Figure 1). Further, Caesalpinia plants produce nearly
; - 45% flowers within an inflorescence which normally set
5 | . into frutts while 55% flowers are functionally pollen
o0 donors (Table 3). Hermaphroditic flowers require higher
| 40 | levels of energy for their construct and maintenance and
T also require higher energy during pod-filling stage when
. l compared to functional male flowers (Table 4).
0 10 20 30 40 50 60 10 20 30 40 50 eo Interestingly, it was observed that if the basal long-
Pp— BUD POSITION FROM BASE ~—eow - , styled floral buds were cither removed intentionally or
Fipure 2a, b. Spatial segregation of flowers with different stylar predated, the subsequent medium and short st):’h:d l:h}t:;:ll
Jengths within an inflorescence. a, Yellow morph and &, Red morph. buds reverted to tong-styled {lowers and sct into fruits

(pcersonal obscrvation), This suggests that failure of fruit
set in categories like medium, short and rudimentary
were observed in pollen size and fertility and ovule  may largely be determined by post-fertilizational events.
number in respect of different categories of flowers  Infact, competition for himited resources among devel-
(Table 3). oping pods has been shown to be severe in Caesal-
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rinia'!. Flowers with rudimentary styles never set fruit,
because they are devoeid of a normal style and stigma,
however, the function of the ovules in this category 1s
not known.

Caesalpinia produces energetically expensive flowers
during early stages of inflorescence growth while less
encrgctic and less expensive medium and short styled
flowers at later stages might act as a reserve for the
nossible risk of floral predation'*". This developmental
plasticity of floral function mediated by energy con-
straints may also be adaptive in increasing pollination
cfficiency. Because flowers are retained on the inflores-
cence for more than two days after blooming, the dis-
play size of an inflorescence would increase
substantially when terminal flowers in an inflorescence
are in bloom. This would also increase pollinator visita-
tion, hence the plant may gain more through pollen ex-

port in the later stages of inflorescence srowth'*".
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Ajitgarh pluton, a minor granite-trondhjemite body,
intrudes the Delhi metasediments of Alwar basin in
the North Delhi Fold Belt (NDFB). The granite and
trondhjemite, representing different pulses of anoro-
genic felsic magmatism, are distinct from the syntec-
tonic granites of NDFB. The present work is also the
first report of trondhjemite from Proterozoic envi-
rons of northwestern Indian peninsular region. Ajit-
garh trondhjemite (AT) demonstrates trondhjemite
mineralogy and chemical characters consistent with
parameters prescribed for trondhjemite nomencla-
ture. It is enriched in silica and depleted in CaO,
MgO and FeO, as compared to the Archean TTG,
and appears to be genetically related to the anoro-
genic magmatism of sodic affinity.

THE Trondhjemite~Tonalite-Granodiorite (TTG) asso-
ciation, a characteristic feature of the Archacan granite—
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greenstone terranes, is hitherto unreported from the
Proterozoic Delhi Super-group rocks from northern
fringe of Indian peninsular shield. We report here the
trondhjemite occurrence from a trondhjemite—granite
suite from Ajitgarh pluton (27°26'N; 75°50'E), a minor
intrusive body in the North Delhi Fold Belt.

Ajitgarh pluton, a composite granite—trondhjemite
body, intrudes "the sericite quartzite of Delhi Super-
group. The geological set-up of the area is shown in the
lithostratigraphic map (Figure 1). The contact between
country rocks and the Intrusive granitoids is obliterated
by alluvial sand cover. Intrusive nature of the pluton is
manifested by its emplacement discordant to the re-
gional structural grain. Post-orogeny emplacement of
granitoids is evident from absence of planar fabric,
other textural characters and discordant nature of the
pluton.

The generalized geological set-up of the area 1s sum-
marized below:

Quartz—-pegmatite veins
Granite
Trondhjemite
~Intrusive contact—
Sericite quartzite

The trondhjemite (AT), occupying the southeastern
part of the pluton is in sharp contact with granite and
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