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ABSTRACT

Recently P. juliflora, a shrub or small tree, was discovered on the coastal embankments at
Munshiganj, Satkhira. This native of Central America and the Caribbeans has been introduced
in Africa, Asia and Australia for its hardiness in adverse environment and multiple uses.
However, IUCN recognizes it as one of the few worst invasive species in the world. In India,
the species has invaded even in mangrove forests. Reportedly, the species seriously affects

local biodiversity, and human and animal health. Thus, this species is possessing a great
concern.

Despite that P. juliflora might use various vectors for migration, seeing the older individuals,
it is assumed that the species might have migrated to the coast of Bangladesh from South India
with the tidal flow in the Bay of Bengal. Thus, to investigate the potential of tidal current as a
vector, the impact of salinity on seed and seed germination was investigated. For this, freshly
collected seeds were sown in petridishes moistened with 0, 5, 10, 15, 20, 25 and 30 ppt salt
solutions. Again, seeds were stored in 0, 5, 10, 15, 20, 25 and 30 ppt salt solutions for 7 and 14
days and then sown in respective salinities as mentioned above. The study revealed that
salinity, excepting up to 15 ppt, has significant negative impact on seed germination (P < 0.05).
Seeds stored for 7 days exhibited high germination success. However, it was significantly low
(P <0.05) with seeds stored for longer period. This reflects that P, Juliflora seeds when exposed
to saline water for prolonged time loss viability. This study concludes that migration of P.
Juliflora from South India to Bangladesh through the Bay of Bengal is unlikely. Such migration
could be possible only during cyclone or tidal surge in the bay. Further study into other

potential vectors and adaptation of P. juliflora in the coast of Bangladesh is recommended,
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CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Prosopis juliflora (Sw.) DC. has recently been discovered in the south western coast of
Bangladesh in close proximity to the Sundarbuns. The species was imported by Bangladesh
Forest Research Institute (the then Pakistan Forest Research Institute) sometime in early 1960s
to try its prospect in the drier areas of Bangladesh. Fate of those plants are not known. However,
the source of recently discovered P.juliflora seems to be different and not yet known. Here the
species being supported by favorable soil and climate, local communities, relevant government
and non-government institutions, is spreading quickly. In recent years, some P. juliflora have
been planted on the coastal embankments at Munshiganj, Satkhira. Some people are also
planting the species on the edge of their farmland.

P. juliflora is native to Central America, northern part of South America and the Caribbeans.
This fast growing species has drawn attention of planters and foresters for its ability to grow in
the most adverse environmental conditions where other species will not do, and for its multiple
uses (Vimal and Tyagi, 1986; Pasiecznik er al., 2001 and 2004; Mwangi and Swallow, 2008).
In last 200 years, P. juliflora has been widely introduced in the arid and semi-arid regions of
Africa, Asia and Australasia. However, once the species is introduced at a place, because of its
high ecological amplitude, reproductive capacity, mobility and prolonged longevity of seed,
allelopathy to other species but absence of auto-inhibition P. juliflora becomes invasive. In
almost everywhere beyond its home range, the species has become invasive. [UCN includes
the species in the list of hundred most invasive species in the world (Lowe et al., 2000).

Pastoralists in Africa call it a “devil tree” and in India, the species is considered as curse.

In Bangladesh, invasion of P. juliflora in the southwestern part should be of great concern for
its proximity to the mangrove forest, which provide livelihood to about a million people. On
the east coast of South India the species has posed a serious threat to the mangroves (e.g., in

Mothupet Mangrove forest P. julifora is replacing mangroves (Hoque 2014, pers. com.).
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Migration and germination are the key points to determine invasiveness of a species (Ferreras

et al., 2014). So, thee invasiveness of P. juliflora in our coastal region depends on its successful
migration across the Bay of Bengal and efficacy of germination in the coastal sediment. From
the east coast of India P. juliflora seeds may be transported to Bangladesh by southwesterly
current in the Bay of Bengal during the monsoon, or during cyclone events. Thus, to control
the spread of the species in Bangladesh, it is important to investigate the ability of P. juliflora
seeds to travel across the Bay of Bengal withstanding the saline water and again to germinate
in the saline coastal substrate. Therefore, to find the invasiveness of P. juliflora in our coastal

region this study was undertaken with the following objectives.

1.2 Objectives of the Study

e To review the available literature on Prosopis juliflora and its interaction with saline
environment.
e To find out the fate of P. juliflora seeds in saline water.

e To assess the effect of salinity on the germination of P. juliflora seeds.

N




CHAPTER TWO

LITERATURE REVIEW

In literature review, objectives were to have the broader idea about Prosopis juliflora and
understand the salinity condition in the coastal areas of Bangladesh and particularly the effect

of salinity on P. juliflora. Thus, this chapter includes three sections each with several

subsections.

2.1 Genus Prosopis

Prosopis is the genus of trees and shrubs in the Mimosoideae sub-family of Leguminosae
family. They are native to arid and semi-arid regions of the Americas, Africa and Asia that are
mostly thorny and having thick pods (from yellow and long to black and short), which never
split naturally, either on the tree or once fallen. Prosopis has 44 species and numerous varieties.
Of the species 40 are native to the Americas, three to Asia and one to Africa. These species are
divided into five distinct sections (Burkart, 1976) within which species can interbreed and lead
to hybrid population creation. These hybrids can be described as new varieties or forms or even

new species in many cases.

2.2 Prosopis juliflora

Prosopis juliflora (Sw.) DC. is a thorny shrub or small tree with a wide and flat-topped crown.
The name ‘Prosopis’ has been derived from the Greek word 'pros' meaning 'towards', and
'Opis', after the wife of Saturn, the Greek goddess of abundance and agriculture. *juliflora’,
comes from julus, meaning 'whip-like', mentioning the long inflorescences for bearing flower

(Perry, 1998). According to Burkart (1976), P. juliflora has been placed under section
Algarobia.

we




2.2.1 Taxonomic Tree of Prosopis Jjuliflorq

Domain: Eukaryota
Kingdom: Plantae
Phylum: Spermatophyta
Subphylum: Angiospermae
Class: Dicotyledonae
Order: Fabales
Family: Fabacege
Subfamily: Mimosoideae
Genus: Prosopis
Species: Prosopis Juliflora

Source: http://www.cabi.org/isc/datasheet/43942

2.2.2 Synonymy

P. juliflora had many synonyms before 1788. The old name Mimosa Juliflora became both
Algarobia juliflora (Sw.) Benth. ex Heynh. and Nelfuma Juliflora (Sw.) Raf. during the last
two centuries until the both genera were placed under genus Prosopis. Many synonyms

mentioned below, indicate its wide distribution, diversity and great impact on human.

Other Scientific Names

e Acacia cumanensis (H. & B. ex. Willd.)

e Acacia juliflora (Sw.) Willd.

e Acacia salinarum (Vahl) DC.

e Algarobia juliflora (Sw.) Benth. ex Heynh
e Desmanthus salinarum (Vahl) Steud.

e Mimosa juliflora Sw.

e Mimosa salinarum Vahl

e Neltuma bakeri Britton & Rose

o Neltuma juliflora (Sw.) Raf.

e



o Neltuma ocidentalis Britton & Rose
o Neltuma pallescens Britton & Rose
» Prosopis alpataco R.A Philippj

® Prosopis articulatq (S.Watson)

* Prosopis bracteolatq Be.

* Prosopis cumanensis (H. & B. ex. Willd.) H.B.K

e Prosopis dominguensis DC.

* Prosopis dulcis var, domingensis (DC.) Benth.
* Prosopis flexuosa DC

® Prosopis glandulosq Torrey

* Prosopis horrida Kunth

» Prosopis inermis HBK.

* Prosopis juliflora var. inermis (H.B.K.) Burkart
* Prosopis velutina Wooton

® Prosopis vidaliana A. Naves

2.2.3 Vernacular Names
‘Mesquite’ is the most common English name for P. Juliflora. Some common names are:

* English: Algaroba Bean, Mexican Thorn, Prosopis, Ironwood.

e India: Angrezi Bavaliya, Belari Jali, Ganda Babul, Ganda-Babool, Gando Baval,
Vilayati Babool, Vilayati Babul, Vilayati Khejra, Vilayati Kikar.

e Bangladesh: Bilati Babla, Guiya Babla, Nona Babla.

2.2.4 Distribution of P. juliflora

P. juliflora is a mainly tropical species native to Mexico, Central and northern South America.
For its tolerance to adverse environmental conditions and multiple uses, the species has been
widely planted in arid and semi-arid parts of Asia, Africa and Australia. The table below

presents distribution of P. juliflora, however the species may even be more widespread.

the
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Countries

Asia

Bahrain, Bangladesh, Brunei Darussalam, Cambodia, India, Indonesia, Iran, Iraqg,
Isracl, Jordan, Kuwait, Myanmar, Oman, Pakistan, Philippines, Qatar, Saudi
Arabia, Sri Lanka, Thailand, United Arab Emirates, Vietnam, Yemen.

Africa

Algeria, Botswana, Burkina Faso, Cape Verde, Chad, Djibouti, Egypt, Eritrea,
Ethiopia, Gambia, Ghana, Guinea-Bissau, Kenya, Liberia, Libya, Mali,
Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria,
Reunion, Senegal, Somalia, South Africa, Sudan, Tanzania, Tunisia, Western
Sahara, Zimbabwe.

North America

Bermuda, Mexico, USA, Hawaii.

Central
America and
Caribbean

Antigua and Barbuda, Aruba, Bahamas, Barbados, British Virgin Islands,
Cayman Islands, Costa Rica, Cuba, Curacao, Dominican Republic, El Salvador,
Guatemala, Haiti, Honduras, Jamaica, Montserrat, Nicaragua, Panama, Puerto

Rico, United States Virgin Islands.

South America

Bolivia, Brazil, Colombia, Ecuador, Peru, Venezuela.

Oceania

Australia, Papua New Guinea.

Figure 2.1

Presence unconfirmed

wect 10 quaranting ) See reqwonal map for distribution witlun the country

: Distribution of P. juliflora in World Map (Copyright: CABI)
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4 2.5 Description of the Species

p. juliflora is shrub or small evergreen tree. 3-12 m tall, with spreading branches. The branches

are cylindrical, green, more or less round or flat-topped and containing stubborn, green spins
with hard wood. The foliage is glabrous or slightly pubescent or ciliate on the leaflets and
spines are axillary, uninodal, divergent, paired, or solitary. Spines are 0.5-5.0 cm long being
largest on strong basal shoots. Sometimes they are paired on the same branches, sometimes

absent, or not present on all branchlets (CABI, 2005).
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Figure 2.2: Mature tree of P. juliflora (Copyright: Peter Felker, Colin Hughes)

Leaves are bipinnate, glabrous or pubescent and having 1-3 pairs of pinnae, rarely in 4 pairs
measuring 3-11 cm long. Petiole plus rachis (when present) is 0.5-7.5 cm long. Leaflets are
elliptic-oblong, glabrous or ciliate, rarely pubescent occurring in generally 11 to 15 pairs per
pinna. Leaflets are 6-23 mm long x 1.6-5.5 mm wide. Racemes are cylindrical, 7-15 cm long

with puberulent rachis and florets are greenish-white and turning light yellow (CABI, 2005).




Figure 2.3: Leaves and Flowers of P. juliflora

Pods are straight with incurved apex, sometimes falcate and colored straw yellow to brown.
They are stalked and acuminate, compressed, linear with parallel margins. Pods are 8-29 cm
long x 9-17 mm broad x 4-8 mm thick and 2 cm from stipe. Rectangular to sub quadrate
endocarp segments present, which are mostly broader than long. The seeds of P. juliflora are
oval, brown, and transverse (CABI, 2005).

Figure 2.4: Fruit pods of P. juliflora



2.2.6 Ecology of P. juliflora

p. juliflora has a broad ecological amplitude. It is adapted to a very wide range of soils and
site types from sand dunes to cracking clays. It is generally found in areas where water and soil
fertility are the principal limiting factor for plant growth. It is able to endure and even thrive

on the poorest land, unsuitable for any other tree species. P. juliflora can grow and take control
However, it

s 30-35°C

in dry or seasonally dry watercourses or depressions, and coastal flats and dunes.
is frost sensitive. The optimum temperature for germination of P. juliflora seeds i

and the germination decreases rapidly at temperatures below 20°C or above 40°C (Pasiecznik
et al,, 2001).

All Prosopis species are able to survive in areas with exceptionally low annual rainfall or very

lengthy dry periods but only if the roots are able to tap ground water or another permanent

water source within the first few years. Being adapted to arid and semi-arid climates, P.

juliflora generally gemﬁﬂates and establishes during the brief rainy season and seedlings must
be sufficiently well established to survive the first dry season. The existence of two root
systems, a deep tap root to reach ground water and a mat of surface lateral roots to make use
of infrequent rainfall events. It leads Prosopis species firmly in the category of phreatophytes,
but they show a variety of mesophytic and xerophytic characteristics depending on water
availability. The need for rain or a high water table is reduced in coastal areas, where sufficient

atmospheric moisture exists with persistent trade winds or seasonal fog (CABI, 2005).

In P. juliflora, the action of the pulvinus (joint like thickening in the leaf base facilitating

growth-independent movement) can cause the leaflets to fold and protecting the stomata on the
upper leaf surfaces from water loss during high evapotranspiration periods. Leaflets possess
specialized adaptations promoting efficient utilization and retention of water such as sunken
stomata, more stomata on adaxial than abaxial surfaces, thick and waxy cuticles and the

presence of mucilaginous cells. Seasonal variations in P. juliflora’s leaf concentration of

proline, sugar and protein are presumed a response to drought. In natural stands of P. juliflora

in Venezuela, osmotic adjustment was observed an increase in leaf concentrations of all

measured nutrients in the dry season (CABI, 2005).

e



2.2.6.1 Genetics

Prosopis spp. are generally diploid with a haploid number of n=14 (2n=28). However, P.

juliflorahas at least some tetraploid forms (2n=56) (Hunziker ef af. 1975; Solbrig et al., 1977).

2.2.6.2 Physiology and Phenology

The seeds of P. juliflora naturally show a high level of dormancy. The hard seed coat must be
broken or weakened to allow water absorption by the seed to be germinated. With time seed,
dormancy is broken as the seed coat degrades (Pasiecznik and Felker, 1992). Seeds with entire
pods or endocarp shells show decreased germination and an allelopathic chemical extract from
pod pericarps decreases germination in P. juliflora (Warrag, 1994). The dispersal of seed
through different animals has positive effects on germination due the removal of the mesocarp
or endocarp, or other mechanical or chemical factors. Increasing alkalinity significantly

decreases the final germination and germination rate of P. juliflora seeds above pH 9.0

(Srinivasu and Toky, 1996).

Prosopis species show high levels of variability in morphological characters due to
reproductive self-incompatibility and obligate outcrossing. Continuous differences in climatic
conditions i.e. temperature, rainfall and day length, and discrete differences in site conditions
i.e. soil type, salinity or depth lead to create varietics of phenological responses. Variations are
observed largely in native populations. In invading populations, clinal variations are concealed
because of the rapid and widespread dispersal of diverse genetic material by humans and

animals over a range of site and climatic conditions (CABI, 2005).
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Almost contl year-round flowering of p, Juliflora is seen in India and Haiti but a period

of maximum fruit production is always present (Goel and Behl, 1995; Timyan, 1996). In parts

of India, one or two fruiting periods occur, depending on site and the 'form' of P. juliflora
present (Luna, 1996).

2.2.6.3 Reproductive Biology

Anthesis is protogynous and occurs simultaneously in all flowers on an inflorescence when the
flowers are fully open (Goel and Behl, 1996, Celis, 1995; Burkart, 1976). Flower maturation
often initiates at the proximal end while flowers at the distal end are still immature. Assisted
by a sugary secretion, pollen falls for fertilization into the stigma through a central depression
(Goel and Behl, 1996). Though Prosopis species are commonly supposed to be self-
incompatible, limited self-compatibility (4%) has been observed in P. juliflora (Sareen and
Yadav, 1987; Simpson, 1977; Solbrig and Cantino, 1975). The flower of P. juliflora is
pollinated while the insect eats the protein-carbohydrate exudate released from anther gland
(Chaudhry and Vijayaraghavan, 1992). Anther glands also secret a sticky substance to attach
the pollen to the body of the insect. This glands may also secret an odorous chemical attractant.
Pollination success in P. juliflora is always low and it may be due to poor pollen viability, short
periods of pollen release or stigma receptivity, lack of synchronization between pollen release
and pollen reception, few pollinating insects, flower sterility or high rates of ovary abortion.
The pollen viability of P. juliflora has been recorded as 79-96% (Goel and Behl, 1995). Though

very large numbers of flowers are produced, most of them are not fertile and ovary abortion is
high. This leads to very low production of pods compared with the higher flower production
per tree.

P. juliflora usually begins to produce flower and fruit after 2-3 years, but this is highly
depended upon site conditions. In Sahel 12 months old trees have been observed to flower,

whereas on poor exposed sites trees of 15 years or more may not flower (Pasiecznik e al.,

2001).

1



2.2.6.4 Environmental Requirements

Temperature:

Mean minimum temperatures, and the frequency and duration of winter frosts are some of the
major limitations to the distribution of the P. juliffora. Light frosts cause dieback of the
branches, harder frosts cause complete stem mortality, and more severe or longer lasting frosts
cause complete death of the plant (Felker ef al, 1982). Frost damage is more severe on
seedlings and younger trees of P. juliffora and trees in the low land areas (Muthana, 1974).
Hyde et al. (1990) found that P. juliflora seedlings were killed by a -2°C frost in Spain, whereas
it was noted to suffer frost damage but survive when temperatures fell below 0°C in India

(Muthana, 1974). There is also considerable variation in frost tolerance exhibited by different
provenances of the species (CABI, 2005).

Optimum temperatures range for the growth of P. juliflora is 20-30°C. But it seems that there
is no natural upper limit to temperature because introduced P. juliflora has found to tolerate
daytime shade temperatures of over 50°C and soil temperatures in full sunlight as high as 70°C
in Africa and Asia (Pasiecznik et al., 2001).

Rainfall:

P. juliflora thrives in a wide range of rainfall zones, from 100 mm mean annual rainfall or less
in dry coastal zones to 1500 mm mean annual rainfall at higher altitudes, and the ability to
tolerate very low annual rainfall is well known.

Altitude:

Altitude appears to have a limited effect on distribution. In its native range P. juliflora is
abundant at altitudes up to 200 m, but the abundance decreases as altitude increases.

Soil:

Soil nutrient status is rarely a limiting factor to distribution. Nitrogen is very rarely limiting,

and trees have been noted to fix nitrogen under conditions of high pH, high salinity and high

water deficits (Singh, 1996; Felker ef al., 1982). Other macronutrients can occasionally be
limiting to growth either directly or indirectly. Saline and alkaline soils are often occupied by
P. juliflora and it is known to tolerate saline sites in its native range such as lowland flats and

coastal dunes and in such conditions, it can often dominate (CABI, 2005).
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-draining soils are preferred. Soil

urring where soils are thin, or have
a calcareous or iron pan. Above ground growth is stunted due to damage in root system; poor

drainage or waterlogging. Poor OXYgen content in the soil has the same effect on root system
development.

2.2.7 Seed Dispersal of P. juliflora
2.2.7.1 Natural Dispersal (Abiotic)

Water is an important dispersal agent in desert ecosystems. Water dispersal ensures widespread
dissemination of seed during flooding or other high rainfall events when seedling establishment
is favored. Prosopis species are often found colonizing ephemeral watercourses and dispersal
is aided by water flow in the rainy season, particularly during very wet years (Solbrig and
Cantino, 1975). Oceanic dispersal is important for coastal species, and for crossing large bodies
of water such as in the Caribbean. Pods and endocarps float and are impervious to water

infiltration, protecting the seed from the harmful effects of extended periods in seawater

(Pasiecznik et al., 2001).

2.2.7.2 Vector Transmission (Biotic)

Pods have high sugar content and they are low in anti-feedants. Man was a common dispersal
agent in historic and prehistoric times. Livestock are now the primary dispersal agents along

with a wide variety of wild animals. Birds, bats, reptiles and ants also feed on Prosopis fruits

and are potential agents of dispersal (CABI, 2005).




pods are eaten off the tree or off the ground by grazing animal and seeds are deposited in the

faeces- Voided seed are given aadvantage by being placed in facces, with their improved waler”
hol n better

wre or by water sources but voiding of seed in preferential locations is not guaranteed.

ding capacity and high levels of nutrients. Livestock tend to spend more time O

pas
However, different animals have very different effects on seed survival (CABI, 2005).

1.2.8 Uses of P. juliflora

P. juliflora is a valuable multi-purpose tree. The principal uses of . juliflora are wood for fuel,
posts, poles and sawn timber, and pods for fodder. There are numerous other tree products
including chemical extracts from the wood or pods, honey from the flowers, medicines from
various plant parts, exudate gums, fibers, tannins and leaf compost. The tree is also widely
planted for soil conservation, in hedgerows, and as an urban and general amenity tree. The

general uses of P. juliflora are mentioned as follows:

2.2.8.1 Use of Prosopis juliflora as Fuel

Although the initial plantations in India were mainly established for the purpose of
conservation, P. juliflora has become the main source of fuel in rural areas and largely, in urban
and semi-urban areas also. Today it fulfils more than 70 percent of the firewood requirements
of the rural people in the tropical arid and semi-arid regions of India (Harsh and Tewari, 1998).
Biofuels, charcoal, fuelwood, etc. are the fuel products that can be obtained from P. juliflora.
Charcoal from P. juliflora wood is used extensively in the USA as barbecue fuel; about 30%
of the charcoal sold for this purpose originates from P. juliflora from the Sonora Desert in

northern Mexico. In Pakistan, its charcoal has been extensively used in kilns of poultry farms

during winter season (CABI, 2005).




2.2.8.2 Use of Prosopis juliflorg as Food ang Fodder

d emb . .
COf)’ledm‘15 an Tm ryos when pulverized yield a flour rich ip protein and sugar appropriate
for diabetic people. There are reports that P. juliflorq pods are used in preparing bread, sweets,

syrup and coffee. The pods must be Processed to improve the flavor. Sugars and sweeteners
can be produced from the pods (CABI, 2005).

The use of P. juliflora pods as a source of fodder is much popular worldwide. P. juliflora
foliage is first-quality fodder (Gomes, 1961). For dairy cows, the flour may make up 40-60%

of concentrate rations. In South Affrica, it is fed unmixed to sheep. Ripe pods contain 12-14%
crude protein. The short-fibred parts are also suitable for pigs and poultry.

2.2.8.3 Use of P. juliflora as Wood and Pulp Materials

Larger branches and trunks of P. juliflora can provide a high quality timber comparable in
colour, finish and physical attributes to different Indian commercial hardwoods. Negligible
shrinkage (4.17%) is its exceptional property, which is much less than that for oak, maple or
walnut trees (14-16%). Because of this quality furniture, items made from Prosopis wood
develop little or no cracking or warping later (Singh, 2008).

Prosopis species are widely used for making furniture because of their high quality wood. The
wood of P. juliflora is soluble to varying degrees in water, sodium hydroxide, alcohol and
benzene. So, it can be successfully used for pulping to produce writing and printing papers,
textile fibers, tyre cord or cellophane. Tests have indicated that writing and printing papers
could be produced from P. juliflora logs, which have girth of 30 to 50 cm with 50% cellulose
and 30 per cent lignin (Madan and Tandon, 1991).
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2,2.8.4 Use of P. julifiorq Biomass

duces biomass of about
P I :)to 30 tons/ha/year at 4 to 5 years (Patel, 1986) rotation. It was
a .
rep S Irom P. juliflorq ranked first amongst the high biomass producing

native trees of arid and semi-arig regions of India. (Singh, 2008)

2.2.8.5 Use of P. juliflora Gum

P. juliflora exudes gum from the sapwood. On average, about 40 g of gum is produced from
one plant (Tewari et al., 2013). P. juliflora gum exudation is increased at higher temperatures
and ceased completely at the beginning of the rainy season (Tewari, 1998). The gum forms
adhesive mucilage and it can be used as an emulsifying agent with favourable physical and
chemical properties. Prosopis gum can also be used in confectionery, mending pottery, and as
an adulterant and substitute for gum arabic. (Krochmal ef al., 1954). It possesses good adhesive
strength and can be used as paper adhesive for brown paper and wallpaper (Vimal and Tyagi,
1986).

2.2.8.6 Medicinal Uses

A bark extract obtained from boiling wood chips is used as an antiseptic on wounds, and gum
fections in India (Vimal and Tyagi, 1986). Azam et al. (2011) reported

compound in concentrated form (6-8%) in the heartwood of P. juliflora.

is used to treat eye in

presence of antioxidant
CisH1406 ((-)-mesquitol) has been found in P. juliflora which is better than familiar antioxidant
probucol and a-tocopherol drugs. Prosopis wood is reported to have medicinal value against
e. Some of the alkaloids of Prosopis species are reported to be

In Brazil, P. juliflora flour is used as an aphrodisiac, syrup as an

gainst digestive disturbances and skin lesions (Rocha, 1990).

theumatism and miscarriag
antifungal and antibacterial.

expectorant and tea infusion a
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2287 Soil Reclamation by p, juliflorq

. 1iflora litter adds to the
P ]uhftlh oo © Umus content of the salt affected soils, The organic acids produced
e dec ose . '
from? ith pd- HHer react with native calcium carbonate and release calcium to
with s i :
exchange odium. Being highly tolerant to soil sodicity, P. juliflora

ais . roots open up
se mpermea 1
otherwi p ble sodic soil ang thus facilitate entry of water in the dee

I layers. The
dioxide release i : Pt
carbon d by its roots during respiration interacts with water and

o produces weak
carbonic acid.

Such acid facilitate dissolution of precipitated calciym carbonate already present in sodic soils.

Thus, it helps in reclamation of the sodic soil. It reclaims the soil to such an extent that

agricultural crops can be grown without amendments (Singh, 2008).

2.2.8.8 P. juliflora in combating desertification

Desertification is an international problem and P. juliflora is solution to this. Shelterbelts of P.
juliflora and P. pallida are planted around fields in many semi-arid regions to reduce wind
speed. This reduces wind-induced soil erosion, decreases desiccation by reducing transpiration
and consequently increases plant and animal production. In India, shelterbelts of P. juliflora
were found to have a positive effect in reducing soil erosion compared with other species and
control plots. In Sudan, wind speed was reduced by an average of 14% inside P. juliflora
plantations, and with reductions up to 36% at high winds (E! Fadl, 1997).
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3 2.9 Impact of P, jull:ﬂora

2.2.9.2 Environmental and Biological Impact

Prosopis are phraetophytic and are known to possess very deep roots, which will use
subterranean water when no surface water is available. In India, Cape Verde and elsewhere in
the Sahel, farmers blamed Prosapis spp. for the lowering of water tables. Positive impacts on
the environment include soil stabilization by the roots and reducing soil erosion from
windbreaks and within plantations, reduced salinity and alkalinity, and improved soil fertility

and soil physical characteristics.

P. juliflora has been renowned as invasive in protected areas in South Asia, notably grasslands
in Gujarat, native xerophytic woodlands in Rajasthan and a national park in Sri Lanka. When
P. juliflora forms dense stands, some plant species are suppressed there. Maundu ef ai (2009)
reported that plant biodiversity was reduced in P. juliflora thickets in Kenya. It has also been
Noted that the numbers and diversity of some mammals increase due to improved cover from
Predators and hunters. Negative effect of P. juliflora has been found on native forage plants.
The presence of P. Jjuliflora as a readily available source of fuel has drastically reduced the
Previous over-exploitation and illegal cutting in protected reserves. There are clearly marked

local variations due to P. juliflora in environmental effects.
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2293 Social Impact

in the USA, Mexico, Saudi Arabia, Kuwait, United Arab Emirates, India and South Africa the
polle“ has been identified as a major allergen and P. juliffora is described as an ‘important
SOUICE of respiratory allergens in tropical countries’. It has been reported for at least 13 human
allergens in the pollen (Killian and McMichael, 2004). It has also close allergenic relationships

with animal species and so, planting of P. juliflora in urban areas is not recommended.

Weedy invasions can become an obstruction on roads or even block smaller trails completely.
An additional and unusual negative social effect was noted by Choge ef al. (2002) in 12% of
respondents in Kenya, who identified P. juliflora stands as a 'refuge for thieves', notably
livestock poachers and rustlers. Issues related to social impact of this tree arise where invasions
are particularly dense, the availability of traditional grass fodder is reduced, and some
pastoralists have chosen to move to other areas. In Baringo, Kenya, some local people

demanded to be relocated due to the invasion of P. juliflora.

2.3 Salinity as a Constraint

Salinity is a major attribute of seawater and undoubtedly has some adverse effects on both
plants and animals (Bailey and James 2000). It affects the general health of both mangrove and
non-mangrove plants (Hossain et al., 2001). Salt, even at the low concentrations, can limit the
functionality of reproductive and vegetative growth of plants by some severe physiological
dysfunctions and widespread indirect and direct harmful effects (Shannon et al., 1994).As,
plant absorb water through roots salt are found to become progressively concentrated in the
root zone but it is very smaller in amount (Kozlowski, 1997). In addition, salinity restricts seed
germination, causes alternation of plant morphology and anatomy and often kills non-
halophytes. Kozlowski (1997) and Brugnoli and Lauteri (1990) observed that plant anatomy

and xylem cells are often altered by salinity and it reduces the photosynthesis rate in both

halophytes and non-halophytes.



231 Factors Affecting Salinity

galinity in the coastal areas is controlled by the tidal inundation. salinit f tidal fresh
water discharge from rivers, rainfall, temperature, wind actior: eva) :r:tioln ah:r:t.zr.j’ ::c
Clarke and Hannon (1970) observed that soi] salinity is the collseq:: _— of, the irllt;r):ctiox;
among frequency of tidal inundation, evaporation and supply of fresh water. Other factors that
can affect the soil salinity include soil type and topography, amount and seasonality of rainfall,

depth of impervious subsoil, run on from adjacent terrestrial areas, and run off.

Salinity increases due to the increase of temperature, which enhances evaporation. Rainfall
decreases the salinity through addition of freshwater in the coastal ecosystem and that makes
the site suitable for halophytes. Humidity plays role to influence the evapotranspiration that
can control the salt movement in the soil. High salinity is accompanied with high temperature
and wind causes salt accumulation at the soil surface. The extent of plant cover also has a

significant influence on evaporation loss from the mangrove community (Hutchings and

Saenger, 1987).

2.3.2 Salinity condition of Coastal Areas near

The coastal areas of Bangladesh lie in the southern part of the country. The Sundarbuns is the

nearest forest that can be associated with and subjected to saline water, and it may be the result

of frequent fluctuations of salinity levels. The coastal areas with the mangrove swamp are

inundated twice daily and thus tidal inundation regulates the salinity levels of coastal areas.

The duration and depth of tidal inundation depend on many factors like the distance from the

main rivers and sea including local relief and sediment load in the inundating water (Rahman,

1995).

The salinity of the Sundarbans and its adjacent coastal areas increases from the east to west
and north to south, but remains less than 6 dSm™" even in the driest month. Soil salinity in April
to May remains 2 and 4.5dS m"! in most part of Sundarbans adjacent coast. Based on the degree

of salinity, the area is divided into three saline zones-

saline (2-4 dS m™") and strong saline zones (>4 dS m
aline zones.

less saline (salinity<2 dS m™"), moderately

-1y (Siddigi, 2001). The concerned area for

this study was under strongly S
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ity along the nort
water salinity along ortheast coast of Bangladesh adjacent to the Sundarbans ranges from

19 pot n the late monsoon of September. This varies from 4-28 ppt during the dry season of

vay (Siddidi 1992)

2.3.3 Impacts of Salinity on P. juliflora

Galinity has much less impact on the germination, survival and growth of . juliflora. P.

julfiora shows a great tolerance to high salinity and they have been found to grow in the coastal
0% added seawater

linity or

regions. . juliflora seeds showed no effect in final germination withupto 3

(Khan et al., 1987). P. juliflora’s seed germination decreases with the increase in sa
NaCl concentratfon. Again, higher salinity shows greater germination rate in regular
temperature than in high temperature (Pasiecznik ef al, 2004, El-Keblawy and Al-Rawai, 2005,

Laxen, 2007, Mwangi and Swallow, 2008, Kaur ef al. 2012).




CHAPTER THREE

MATERIALS ANp METHODS

The effect of .salllmty on the germination of P osopis juliflora seeds was studied in the Nursery
of FWT Discipline, Khulna University, Khulna. The salinity of sea and coastal water is mostly
due to the presence of NaCl (Castro and Huber, 2003). Other salts are present in this

environment only in trace amount. Therefore, in this study salt represents only NaCl. The
materials and methods are described in details as below:

3.1 Materials

The following materials were used to carry out this experiment:

o 10-liter plastic bowl

o Plastic Tub

e Khnife and Scissor

o Tap Waters

e Common Salt (NaCl)

o Temperature compensated hand held Salinity Refractometer
e Petri-dishes

o Tissue Paper

e QGlass Jars

3.2 Seed Collection

Mature fruits (pods) of P. juliflora were collected directly from trees growing on the
embankments in Munshiganj, Satkhira in May 2014. Seeds were extracted from the pods using
a scissors and a knife. About 2500 seeds were obtained from the fruits collected. Seeds were

dried and stored in poly bag for germination test.



1.3 preparation of Salt Solution

4 stock solution O'f 5 0 parts per thousand (ppt) salt was prepared by dissolving salt (NaCl) in
ater and the Sallnlt){ was checked with a hand held Salinity Refractometer. The Salinity
gefractometer was adjusted using distilled water before taking salinity measurements. Using

this stocks solutions of different salinities (0, 5, 10, 15,20, 25, 30 ppt) were prepared using the
following formulae:

ViSi=V,S,

Here,

V| = Volume of solution in Cubic centimeter

S, = Final concentration of solution in ppt

S; = Known concentration of stock solution in ppt (50 ppt)
V2 = Required volume of stock solution

The prepared solution was then justified using the Salinity Refractometer.

3.4 Impact of salinity on seed germination:

The germination study was started on May 21, 2014 following Completely Randomized Design
was followed for the germination test. In this experiment, there were seven treatments (0, 5,
10, 15,20, 25 and 30 ppt salinities) and 3 replications. For each replication 30 seeds were sown.
Before sowing seeds, a petridish was filled up to one third of its depth with tissue paper as the
substrate. Salt solution was added in the petridish until the tissue papers were completely wet
and a thin film of water was visible on the surface. Another tissue paper was placed covering

the seeds to moisten seeds from all sides. In this manner, 630 seeds (7 treatments x 3 replication

X 30 seeds) were sown 21 petri-dishes.



[

el of water in a petridish :
[he Jevel = 4 Was marked with a permanent marker. Petridishes were kept

- the air. Every day the water i s
open 11 _ ‘ level in petridishes was checked and corrected by adding
p water 23 it necessitated. Germination was checked daily until there was no fresh

To investigate the longevity of P. juliflora seeds in saline waters, seeds were stored in glass

jars containing salt solution of 0 to 30 ppt at 5 ppt interval, After 7 days and 14 days of storage,

eds w i T -
those stored seeds were sown in petridishes in corresponding salinities as described earlier.

salinity in petridishes were also maintained as described above. Data on seed germination were

also recorded as described above.

Figure 3.1: Prepared petridishes for the experiment

3.5 Data Collection and Statistical Analysis

Data on seed germination were collected up to July 2, 2014. The data were analyzed using

Minitab 17.
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CHAPTER FOUR

RESULTS AND DISCUSSION

41 Results

pffect of salinity on the germination and longivity of Prosopis juliflora seeds have been
prcsented in this chapter.

4.1.1 Effect of Salinity on the Germination of Prosopis juliflora

Finding of this study regarding the impact of salinity on the germination of P. Juliflora seeds
(freshly collected/not stored) is shown in Figure 4.1. Analysis of variance indicates that salinity
has significant negative impact on the germination of P. juliflora seeds (P < 0.05). The LSD
test (Fisher Pairwise Comparisons, Table 4.1) revealed that the germination did not vary

significantly within the salinity range 0-15 ppt despite that it was maximum at 15 ppt.

Salinity Effect on Germinated Seed (No Storage)
95% CI for the Mean

75
15.0
"-E‘ —
3 125
o
Y
10.0
g @
X ®
3 75
et
g 50 -
E 25
U]
—te
0.0 E
— ' 20 2 30
0 5 10 .15
salinity (ppt)

Individual standard deviations were used to calculate the intervais.

Figure 4.1: Effect of Salinity on the Germination of Prosopis juliflora

e o9
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fable 4.1: Fisher Pairwise Comparisons for Salinity Effect o Germinated Seed (No Storage)
Grouping Information Using the Fisher 1Sy Method and 95% Confidence

galinity N Mean

Grouping
5 3 9.667 A
0 3 9.333 A
15 3 9 A
0 3 8.67 A
20 3 3.667 B
25 3 3 B C
30 3 0.333 C

Means that do not share a letter are significantly different.

4.1.2 Germination of P. juliflora seed stored in different salinities and sown

in respective salt solutions

This study reveals that storage of P. juliflora seeds in different concentrations of salt solutions
has significant impact on the germination (p = 0.00 Table 4.2, Figure 4.2). Figure 4.2 clearly

indicates that the seed germination was maximum (51.33%) at 7 days storage.
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bl 4.2: Analysis of Variance (ANQY A)

e Linear Model: Germinated Seed vergys Salinity, Storage

source DF  AdiSS  AdjMS F-Valwe P-Value Ferit
Salinity 6 6597 109952 2422 0000 232
Storage 2 3763 188.143 4144 0000 322
Salinity*Storage 12 181.0 15087 332 0.002 199

ErroF 42 190.7  4.540

Total 62 1407.7

Effect of Storage in Respective Saline Water on Germinated Seed
95% Cl for the Mean

2

3

Mean Germinated Seed (Count)

1

0 14 days Storage 7 days Storage No Storage
Storage

Indivdual standard deviations were used to calculate the intervals.

Figure 4.2: Effect of Storage in Respective Saline Water on the Germinated Seed
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Signiﬂ"am impact up to the salinity leve] 15 ppt.

pn this study 1t was observed that the length of seeq Storage time had significant impact on the
. cmination success. Seeds stored UP to seven days produced maximum germination.

pusiecznik and Felker (1992) observed that p. Juliflora seeds exhibit high level of dormancy.

From this study it appears that the species might have some obligate dormancy as germination

success after seven days storage was higher than that with no storage. However, when seeds
are stored for longer period (e.g., 14 days) in salt-
sceds) diminishes very quickly.

water germination success (i.e., longevity of

In this study the impact of seed storage (in saline water) was investigated for our concern that
P. juliflora might migrate to the coast of Bangladesh from the southeast coast of India where
the species is prolific (e.g., Tamil Nadu; Tewari et al., 2000; Harris et al., 2003). It is reported
that water is an important dispersal agent for P. juliflora seeds and the seed (while in pod)

might migrate across long distances with ocean current.

Tomezak and Godfrey (1994) reported that the persistent velocity of northward current in the
Bay of Bengal in monsoon is 2.5-3.6 km/hour. Considering water flows in high and ebb tides,
roughly P. juliflora seeds should take about 90 days to travel from Tamil Nadu (where the
species is prolific) to the coast of Bangladesh. Considering the impact of storage in salt water
onthe longevity of P. juliflora seeds that we have observed in this study (depleting significantly
after 7 days of storage), it is less likely that the species can reach the coast of Bangladesh
through the Bay of Bengal. Hitherto, absence of the species in the Sundarbans also support this
Proposition. However, it is important to note that fruits of P. juliflora are indehiscent and seeds
inside the pod remain effectively protected against seawater (Pasiecznik et al., 2001). In

addition, during high-energy events in the sea (e.g., cyclone and tidal surge) viable seeds of P.

Juliflora might reach the coast of Bangladesh.
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