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physically as well as chemically.

INTRODUCTION

Gwalior fort stands on an isolated rock, overlooking the
Gwalior town, and contains a number of historic buildings.
Itisone of the biggest fortsin India. From historical records,
it isestablished that it was built in the 8th century. Itissaid
that the Mughal Emperor Babur (1483-1531) described it
as, “ The pearl in the necklace of theforts of Hind".

The historical buildings are part of the biosphere, and
their biodeteriorationisawell recognized problem intropi-
cal regionswhere different environmental factorslike high
temperature, high relative humidity, rainfall and sunlight
interact with the surface of the stoneand make it susceptible
for biological damage. Pollutants play a major rolein this
aspect as they provide the carbonic source on the abiotic
surface of the stone. Cyanobacteria are the first to inhabit
rough and porous stone surfaces. They are followed by bac-
teria, fungi, lichens and mosses. At the end, higher plants,
i. e., theseed plants, settledown in the cracks of the stones.
Although the Archaeol ogical Survey of Indiaconservesall
the historical monuments and temples of ancient times, re-
mains of historical links do not fall in this category. This
paper deals with such types of constructions and offers a
study of the diversity of higher plants on old buildings and
their effect onthem.

MATERIALS AND METHODS

Gwalior fort with its buildings was selected for the study.
The places of the study were the Man Mandir Palace, the

The very old constructions of the city of Gwalior include historical buildings like Gwalior Fort which is facing
the problem of higher plant growth. The objective of this paper is to study the diversity of higher plants on old
buildings and their effect on them. Gwalior fort with its various buildings was selected for this study. The
qualitative analysis of the monuments showed high diversity of various higher plants. In tropical countries
like India the growth of higher plants on old constructions is a serious problem as they damage constructions

Gujari Maha (now an Archeol ogical Museum), the Jahangir
Mahal, the Karan Palace and the Shahjahan Mahal.

Twigs of the plants with flowering and possibly with
fruiting were collected, usually in sets of four. Herbaceous
plants were collected with roots and radical or basal leaves
asfar aspossble. Thefield notesof the collected specimens
regarding habit, habitat, abundance, colour, smell of flow-
ersand similar characteristicsthat cannot be deduced from
theexamination of dried specimenwereentered into thefield
book in situ.

The specimens were pressed and dried in blotting pa-
pers. To prevent thedevel opment of fungi onthedried plants,
aconcentrated solution of Pursue was applied. The flowers
of the preserved materia were studied under the microscope.
The dried specimenswere mounted on thick herbarium sheets
and labelled (Sharma & Dhakre 1995). The plantswereiden-
tified with the help of relevant literature (Sharma& Dhakre
1995, Maheshwari 1963, Bor 1960). The dispersion of the
population of speciesin a community varies according to
s0il conditions, seed dispersal mechanisms, grazing and other
biotic factors called frequency. Therelative frequency (R.F.)
isdetermined by the use of the following formula:

Number of occurrence

of aspeciesx 100
R.F. of the species=

Number of occurrence of
all species

The two systems were compared by means of
Czechanovski’ sSimilarity Index (Dash 1993). Thisindexis


http://www.neptjournal.com

308

used to compare the species diversities of two systems.
100x2c

Czechanovski’s Similarity Index (S) =
(atb)

Where,

aisthe number of speciesin onesite.

b isthe number of speciesin another site.

c isthe number of species common to both sites
RESULTS AND DISCUSSION

Thequalitative analys s of the monuments(Table 1) showed
higher plant diversity in various ignored parts of the fort.
The status of plant diversity was the mirror image of the
degree of biodeterioration.

It could beinferred that the isolated parts of thefort are
deteriorating rapidly. The angiospermsfound on these monu-
mentsbelonged to the families Moraceae, Poaceae, Astera-
ceae, Scrophulariaceae Amaranthaceae, Solanaceae,
Nyctaginaceae, Asclepiadaceae, Capparidaceae, Aizoaceae,
Ulmaceae, Apocynaceae, Convolvulaceae and Euphorbi-
acese.

From atotal of 14 plant speciesobtained from thisbuild-
ing, three belonged to trees, one was a shrub and the others
were herbs. The most abundant plantswere Ficusreligiosa,
F. benghalensis, Capparisdecidua, Ecliptaalba, Boerhavia
diffusaand Hol optelea integrifolia. These plantswere grow-
ing throughout the year (R.F. 9.09 %). Other plants,
Amaranthus gracilis, A. spinosus, Pennisetum typhoides,
Trianthema portulacastrum, Commelina benghalensis,
Sonchus brachyotus and Caesulia axillaris germinated dur-
ing the rainy season and were noticed both during the rainy
season and inwinter (R.F. 5.12 %).

The plants of the family Moraceae are characterized by
the presence of latex and aerial roots. The membersof this
family, mainly Ficusreligiosa (Peepal) and F. benghalens's
(Bargad), often meet in crevices of the boundary wall of old
buildings. If these plants remain untouched they become
large trees by the slow seepage of rain water into the crev-
ices, and the regular expansion of the roots and aerial roots
destroy the buildingssignificantly. According to M aheshwari
(1963), the plant Kickxia ramoissma is interesting for its
special habitat. It commonly occursinthe crevicesand fis-
sures of ancient fort wallsfrom where it hangs downward.
On 23.07.1955 he collected a number of individuals from
the fort of Nizamuddin and Humaun’'s tomb, Delhi. Simi-
larly, Lindenbergia indica is common in the crevices and
amongst stonesof ancient monumentsfrom where it grows
upward forminga“U” withthewall.

Capparis decidua of Capparidaceae aso appear on the
ridge and in other drier parts, either growing alone on the
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ground or hanging from the crevices of ancient wallsor in
clumps with Salvadora persica, S. oleoides, Acacia
leucophloea and Prosopis spicigera.

Boerhavia diffusa, Tridax procumbensand Vernoniaci-
nerea normally grow on the waste places and crevices of
stonesand ancient walls. Vernonia cinereaiserect and upto
one meter tall during the monsoon; after the monsoonitisa
small plant withamore diffuse habit. Caesulia axillarisoc-
cursin marshy places. A variety of higher plants growing
over the monuments have been reported by several workers.
Shah & Shah (1992-1993) worked on I ndian monumentsand
reported Canscora decurrens, C. diffusa, Fleuryainterrupa,
Kickxiaincana, Leucasbiflora, Lindenbergiaindica, Nepeta
hindostana, Trachyspermum stictocarpum, Trichodesma
amplexicaul e and Woodfordia fruticoae. Gigantomass et al.
(1993) reported Capparis flavicans, C. horrida and Ficus
rumphii on surfacesof sandstone at Myanmar.

Mishraet a. (1995) from the National Research L abora-
tory for Conservation, Lucknow, studied the growth of higher
plants over monuments and historic buildings, types and
mechanisms of damage and their control methods. They re-
ported a list of 30 plants species on Indian monuments in
tropical environment:

Woody dicotyledons: Acacia arabica, Albizia lebbeck,
Azadirachtaindica, Delbergiasisso, Ficusbenghalenss, F.
religiosa, Holoptelea integrifolia, Zizyphusjujube.

Her baceousdicotyledons: Argemone maxicana, Boerhavia
diffusa, Calotropis procera, Cassia occidentalis, Coccinia
indica, Convolvulus sp., Croton bonplandianum, Datura p.,
Eclipta alba, Euphorbia hirta, Heliotropium indicum, Mi-
mosa pudica, Oxalis sp., Physalisminima, Sda cordifolia,
Solanum nigrum.

Non-her baceous monocotyledons: Agropyron repens,
Cynodon dactylon, Cyperusrotundus, Imperata cylindriaand
Saccharum munja.

M echanism of Biodeterior ation

Higher plants deteriorate the stone physically as well as
chemically. Radial growth or the thickening of therootsre-
sultsin anincrease in the pressure on the surrounding areas
of the masonry and therefore widens the cracksin the stone.
According to Gill & Bolt (1955), the axial pressure along
the long axis of the root is more powerful than the radial
pressure but the surface area of the root is much larger for
radial pressure thanfor axial pressure, which resultsin ahigh
wedging force.

Winkler (1975) demonstrated that the mean pressure of
the root is approximately 15 atmospheres. The penetration
of theroot ispossiblein the soil with apressure lessthan 19
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Table 1: Diversity of plants on various buildings of Gwalior Fort.
Plant sp. Habit Family Seasonal Occurrence Relative
Frequency (%)
Summer Rains Winter
Ficusreligiosa Tree Moraceae ++ +++ +++ 9.09
F. benghalensis Tree Moraceae + ++ ++ 9.09
Amaranthus gracilis Herb Amaranthaceae - + + 6.06
A. spinosus Herb Amaranthaceae - + + 6.06
Pennisetum typhoides Herb Poaceae ++ ++ 6.06
Trianthema portulacastrum Herb Aizoaceae - ++ ++ 6.06
Commelina benghalensis Herb Commelinceae - + + 6.06
Eclipta alba Herb Asteraceae + ++ ++ 9.09
Boerhavia diffusa Herb Nyctaginaceae + ++ ++ 9.09
Sonchus brachyotus Herb Asteraceae - + ++ 6.06
Capparis decidua Shrub Capparidaceae + + + 9.09
Caesulia axillaris Herb Asteraceae - +++ +++ 6.06
Holoptelea integrifolia Tree Ulmaceae + + + 9.09
Seedling Herb - - - - 3.03

(+ + +) abundant; (+ +) frequent; (+) occasional; (-) absent

atmosphere and isimpossible with a pressure off 25-30 at-
mosphere. Thisisthereason why rootsdo not penetrate un-
damaged rocksbut only settlein cracksin between the Sones.
The process by which the plant tissue expandsin atight place
requires the taking up of water through osmosis and
imbibitions, and an overall increasein size by cell division.
Althoughit may takeyears(or even centuries), woody sems
and roots increase in girth by secondary activity of the
cambium located just beneath the bark.

Chemically, the root surfaceis acidic in nature. The H*
ions attack on silicate or carbonate, the mineral constituent
of the substrate (William & Coleman 1950, Keller &
Frederickson 1952). The high acidity produces an etching
effect on minerals containing metallicionslike barium, cal-
cium, magnesium, caes um, potassium, sodium, lithium and
also ammonia. Thetransfer of nutritive positive metal ions
(cations) occursthrough anetwork of colloidal particlesby
a contact-exchange mechanism with the H* ions of the
rootlets. The most interesting feature of plant survival on
stone is that the root exudates which include amino acids,
sugars, organic acids, vitamins, nucleotides, fatty acids, ser-
ols, growth factors, enzymes, nematode cyst or egg-hatch-
ing factors, nematode attractants, fungal mycelial growth
stimulants, zoospore attractants, spore and sclerotium ger-
mination stimulantsand inhibitors, bacterial stimulantsand
inhibitors, parasitic weed germination stimulators etc. sup-
port the growth of other organismsin oneway, and also, on
the other hand, react with the components of the stone to
make the stone weak and fragile (Subba Rao 2004). If the
young plantsare not removed from the monuments, temples
or old structures the results may be inconceivably serious.

Thewoody trees cause severe damage, for example, to Cam-
bodian temples of the 13th century, to an extent that the tem-
plesare at the mercy of trees(Mydans 2001).
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