ECOLOGY OF MOLLUGO HIRTA THUNB.:

by P. S. RAMARRISHNAN, Department of Botany, Panjab University,
Chandigarh 3

(Communicated by R. Misra, F.N.I.)
(Received October 6, 1962)

Mollugo hirta Thunb. is a spreading prostrate winter annual characteristic of
drying pond and puddle beds. The occurrence of this species in the habitat
has been attributed to the submergence of seeds under water and mud for two
to three months as a necessary condition for germination. The reproductive
and aggressive capacities of the species have been recorded. The ‘sun’
leaves have been found to have a higher stomatal frequency than the ‘shade’
leaves. The osmotic pressure of the plant sap fluctuates according to soil
moisture. The plants succumb to water-logging.

INTRODUOTION

The autecology of a number of herbaceous weeds growing at Varanasi
has been worked out by Ramakrishnan (1960a, &, ¢, d, 1961) and Misra and
Ramakrishnan (1959, 1960). The present study is a further contribution to
the ‘Ecological Flora of Varanasi District’. '

Mollugo hirta Thunb. is a spreading prostrate winter annual (15-50 cm
from the centre) characteristic of drying ponds and puddle beds. Rarely it is
to be found in other habitats. The root system penetrates to a maximum
depth of 35 to 40 em. The tap root is straight, thick and sparsely branched.
The plant is distributed throughout India and Ceylon (Haines 1921-1925).
The distribution of the plant is pantropical.?

Size AND WEIGHT OF SEEDS

The seeds are very minute. The length varies from 446 x to 558 p and the
breadth from 335 x to 430 4. The shape index (length/breadth ratio) varies
from 1-04 to 1:67. Seeds are light and have an average weight of 0-025 mg
only.

ENVIRONMENTAL FACTORS
Fdaphic :

The soil analysis data for collections from various localities are set in
Table I. The analytical methods adopted have been given elsewhere (Rama.-
krishnan 1960a).

1Part of a thesis accepted for the Ph.D. degree of the Banaras Hindu University.
2 This information was obtained from the Director, Royal Botanic Gardens, Kew, Rich-
mond, Surrey. :
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(@) Moisture content.—This factor varies from 7-5 to 28-7 per cent.
The plants form a characteristic vegetation of the drying ponds where the
moisture level is moderate. Rarely are they to be found in very moist to
water-logged soils.

(b) pH.—The plants grow in neutral to alkaline soils with a pH range
of 6-4 to 8-5.

(¢) Carbonate content ranges from 0-018 to 7-930 per cent.

(d) Exchangeable calcium.—Plants thrive in calcareous as well as non-
calcareous substrata (3-3 to 27-5 m.e. per cent).

(e} Nitrate content varies from 2-75 to 500 mg/100 g of soil.

(f) Organic matter varies from 2-32 to 4:26 per cent. The plants grow
in clayey loam or clayey soils.

PERFORMANCE OF THE PLANT IN VaRioUs HaBITATS

A correlation is discernible between the average seed output value and
exchangeable calcium in the soil (Table II).

TasLE I1

Performance of M. hirta in various habitats

Average Average
. number §
Locality number of Seed output

. of seeds

fruits .

per fruit
Sarnath . . 494 181 89,414
Rajghat .. .. 392 108 42,336
Akhari .. .. 151 148 24,348
Rajatalab .. .. 503 120 60,360
University area .. 179 142 25,418
Ramnagar .. .. 462 112 51,744
Ganges bank .. .. 393 110 43,230

The seed output of the plant in caleium poor soils is comparatively low
and increases up to 89 m.e. per cent in the soil and tends to decrease beyond
this value. No correlation could be established between any other soil factor
and performance of the plant.

CurLTURE EXPERIMENT

Three sets of three culture pots each were filled with: (i) clayey soil,
(ii) clayey loam and (iii) sandy loam. Of these, one set was kept water-logged -
for 15 minutes in the morning and moderately watered in the evening, another
moderately watered twice a day and the third set moderately watered once a
day in the morning. The experiment was carried for about three-and-half
months and the results are shown in Table III.
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The plant in the clayey soil water-logged for a few minutes died away.
Best performance was obtained in the pot which was watered only once a
day. Poor performance was obtained in clayey loam soil kept water-logged
for a few minutes in a day and the best performance in the.one watered only
once a day. In sandy loam, best performance, as indicated by seed output, is
obtained in the pot moderately watered twice a day. But, taking fresh and
dry weights of shoots into consideration, the best growth is obtained in the
soil kept water-logged for a few minutes daily. This behaviour of the plant in
sandy soil could be explained as due to the porous and loose nature of this
soil.

ASSOCIATES

The associates of /. hirte in different localities are set in Table 1V,

TasLE IV

Associates of M. hirta in different localities

Spocies Localities*

1 2 3 4 5 6 7

- -

Mollugo hirta a a a f of f f
C'hrozophora rottlerti o .. of .. .. .. of
Coldenia procumbens d of of ..
Cynodon dactylon .. .. a f .. .
Eclipta alba f .. .. ..of f
Eleusine indica .. .. .. .. f
Euphorbia hirta .. r o.f
Evolvulus alsinoides .. .. la .. .. .. ..
Gnaphalium indicum f of .. f .. T f
G. luteo-album T .. f .. .. f
Q. pulvinatum ..o of .. .. of .. r
Grangea maderaspatana .. . .. r .. of f
Lippia nodiflora .. of a .. .. .. of
Mollugo pentaphylla .. .. .. .. r
Polygonum plebejum of f f r .. .. ..
Sphaeranthus indicus .. .. r of of .. of

* Localities: 1, Sarnath; 2, Rajghat; 3, Akhari; 4, Ramnagar; 5, University area;
6, Rajatalab; 7, Ganges bank. -
a = abundant, d = dominant, f= frequent, lLa = locally abundant, o.f = occasionally found,
r = rare, .. = absent.
Biotic FacTtors

The plants are subjected to intraspecific competition at the seedling stage
(see later). Further they are open to grazing and scraping. Only one fungus
has been reported on this plant from India—dAdlbugo molluginicola’—on leaves.

1 The information was obtained from the Head of the Division of Mycology and Plant
Pathology, Indien Agricultural Research Institute, New_Delhi.
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PaENOLOGY

The seedlings of M. hirta come up in nature by the middle of October on
cxposed moist pond beds. At this time the whole pond bed may be covered
by the seedlings of this species. Flowering starts by the middle of January
and the plants after shedding the seeds dry up by the end of February.
Frequently, seeds germinate only lately, when the water in ponds take
longer time to dry, in which case the plants are found to thrive till June or
July in the following rainy season.

GERMINATION OF SEEDS

Seeds collected in March, 1958, were used in the germination studies.

One lot of air-dry seeds was put under mud for about five months (fromn
June, 1958 to October, 1958). The treated and untreated seeds were put for
germination in Petri dishes between moist filter papers (Table V).

TaBLE V' -
Germination of the seeds of M. hirta

Seeds treated under Untreated seeds

Date, mud (%) (%)
11-10-568 U 1
12-10-58 12 0
13-10-68 8 2
14-10-58 1 1
15-10-58 7 0
16-10-58 22 0
17-10-58 12 0
18-10-58 8 0
19-10-58 6 0
20-10-58 2 1
21-10-568 0 Q0
22-10-68 3 (4]
23-10-58 1 0

[543

Percentage germination 82

The seeds were kept in the open so that they are exposed to the diurnal
Huctuations in the temperature.

It is seen that the untreated seeds give a very poor percentage of ger-
mination. Under room temperature, when they are not subjected ¢o diurnal
fluctuation of temperature, only ten per cent germination was obtained
even for treated seeds.

SEEDLING REGENERATION

Seedling regeneration of M. hirte was studied in a drying pond bed by
putting one metre quadrats and counting the plants at fortnightly intervals,
Results are given in Table VI.
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TasLe VI

Regeneration of seedlings of M. hirta,

Numbexi;f 7

Date soedlings in

the quadrat
20-11-57 496
5-12.57 244
20-12-57 208
4-1-58 158
19-1-58 140
3-2.58 64
18-2-58 28

Percentage survival 6

From the above table, it is seen that seedling regeneration in nature is

poor.
COMPETITION

A large number of seedlings arise in the drying pond bed forming a green
carpet. Naturally the great percentage of seedling mortality may be ex-
plicable as due to intraspecific competition.

Two culture pots were filled with the garden soil and seedlings of
M. hirta were raised up. In one pot, only one plant was allowed to grow, while
in the other about 300 seedlings were grown together. When the plants
reached maturity, only 20 plants survived in the pot where competition was
allowed to take place and the plants did not attain their normal size (Table

VII).
TaBLE VII

Growtk performance of M. hirta under intraspecific competition

Plants under competition

Plant free from
Obgervations competition From periphery of From centre of
(control pot) culture pot culture pot

Seed output .. - 11,076 2,816 793
Fresh weight of shoot (g) .. 5-860 1-320 0-860 -
Fresh weight of root (g) .. 0-210 0-085 0-035
Dry weight of shoot (g) .. 1-212 0-185 0-130
Dry weight of root (g) .. 0-050 0-015 0-010
Root/shoot ratio

(fresh weight basis) .. 0-036 0-049 0-049
Root/shoot ratio

(dry weight basis) .. 0-041 0-081 0-077
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REPRODUCTIVE AND AGGRESSIVE CaracITY

Salisbury (1942) has studied the reproductive capacity of a large number
of species. He defines it as the product of the average seed output and the
fraction represented by the percentage germination and it represents the
intrinsic capacity of the species to reproduce in time provided the ccizing
factors are favourable. Aggressive capacity is the product of the reproductive
capacity of the species and the fraction representing the percentage survival
of seedlings (Bakshi 1952). It gives an indication of the actual survival
value for the species.

The reproductive capacity for M. hirta works out to 39,458 and the aggres-
sive capacity to 2,367.

EPIDERMAL STRUCTURE AND STOMATAL FREQUENCY oF LEAVES

The leaves are clothed with stellate hairs on both sides. Hairs are most
abundant in the ‘sun’ leaves than in the ‘shade’ leaves.

The configuration of the epidermal cell-walls is different on the lower and
upper sides. In a surface view, the lower epidermal cells are more wavy than
the upper epidermal cell-walls. Stomata are present on both sides of the
leaves. The stomatal frequency and index values for ‘sun’ and ‘shade’
leaves are given in Table VIIL.

TaBLE VIIL

Stomatal frequency and stonatal <ndex in *sun’ und ‘shade’ leuves of M. hirta

Upper epidermis Lower epidermis Stomatal index
Stomata per Epidermal Stomata per tipidermal Upper Lower
S1. No. cells per cells per . . . .
8q. mm $q. mm epidermis epidermis
§q. mrm 8q. mm

I 235 688 343 1,049 28-6 24-6
II 245 588 314 902 29-4 25-8
11T 235 529 353 1,088 30-8 24-5
1 98 275 176 490 26-3 26-4
II 98 265 176 500 27-0 260
I 108 265 186 520 29-0 260

It is seen from Table VIIT that the number of stomata per unit
area is higher on the lower side than on the upper side. In general, stomatal
frequency is higher in the ‘open’ than in the ‘shade’ type.
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OsmoTric PRESSURE OF THE Prant SAPp

The osmotic pressure values for M. herta under different moisture condi-
tions of the substratum are set in Table IX. It is seen that osmotic pressurc
values are higher at the lower moisture levels in the soil.

TaBLE IX

Osmotic pressure of M. hirta at different soil moisture levels

. Moisture content of soil Osmotic pressure of
Locality
(%) plant sap (atmos.)
Sarnath 409 14-064
Rajghat 7-06 8-120

Akhari 2536 6-832

DisPERSAL OF SEEDS

The seeds are dispersed around the plant itself and are not carried far;
hence the plants are confined to drying pond beds. The sporadic occurrence
of the species in other habitats is explicable on account of man removing the
pond soil containing the seeds and depositing it at those places.

SeepLvG MorrHOLOGY

The germination of the seeds of M. hirta is epigeal. The radicle arises as
a protruberance from a point just near the attachment of the filiform process,
by the bursting of testa. When the radicle is a few mm long, the hypocotyl
elongates and in this process the two cotyledonary leaves are carried above
the soil, in the form of a hook, still enclosed by the testa. The cotyledonary
leaves now expand and turn green and the testa is thrown away.

DiscussioNn

Misra (1946) while discussing the ecology of the low-lying lands of Varanasi
recognizes Mollugo hirta Thunb. as a member of the drying pond associatcs.
The seeds dispersed in March are baked in the sun during the summer months
and then undergo a period of water-logging during the rainy season before
germinating on the re-exposure of the pond bed in October-November. This
sort of natural pre-treatment of the seeds suggests their occurrence as a mem-
ber of the drying pond bed vegetation.

Nichols (1934) investigated the type and depth of seed dormancy with the
life form and habitat of the plant in relation to the place of natural storage.
Mall (1954) has made similar studies on Polygonum plebejum, Heliotropium
supinum, Mollugo hirta, etc. He has® experimentally demonstrated that the
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seeds of these plants need soaking in mud for a few months before they can
germinate. Further he has stressed the need of diurnal fluctuation of tem-
perature as obtained in September and October months for the germination of
these cold season annuals. Similar observations have been made for M.
hirta by the present worker, too. The percentage germination was found to be
only five per cent for untreated seeds as compared with 82 per cent
germination for seeds soaked in mud.

McVean (1956) has studied the effects of water-logging at various devel-
opmental stages in the life-cycle of alders and birchs and observes that alders
are more resistant to inundation than birchs. Although M. hirie prefers a
drier substratum for proper growth, inundation becomes necessary for the
seeds. ’

Most detailed studies of mortality of juvenile stages of angiosperms
include work on oaks (Watt 1919) and various prairie and woodland
plants (Blake 1935; Clements et al. 1929). This . phenomenon has been
investigated by Misra and Ramakrishnan (1960) in Peristrophe bicaly-
culate. Tansley (1917) and Ramakrishnan (1960d, 1961) have investigated
competition in the survival of certain species in calcareous and non-calcareous
soils. The great percentage of mortality among the seedlings of M. hirta has
been accounted as due to intraspecific competition.

The stomatal frequeney is higher in ‘ sun’ leaves than ‘ shade’ leaves, in all
the species investigated. However, there is no- significant difference in the
stomatal index under these two conditions. This means that the actual
proportion of stomata to epidermal cells is not significantly different. Salis-
bury (1932) points out that the number of stomatal initials formed approxi-
mates to a constant value and the difference in stomatal frequency is
explainable as due to the variation in their spacing which is mainly, if not
entirely, determined by the moisture relations of leaf, both internal and
external.
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