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ABSTRACT

Leucaena leucocephala (Lam.) de wit, and Prosopis juliflora (Sw) DC, were introduced across the country due to their wide importance and
they are posing threat to native trees and ecosystem because of their wild and invasive nature. Therefore, study of their invasive features
becomes important during the current rainfall shift as India is witnessing a decrease in average rainfall and rainy events but an increase
in downpour events. Our study throws light upon these plants’invasiveness and rainfall-adapted characteristics. We performed the study
in the Botanical Garden, Banaras Hindu University, Uttar Pradesh, India. The study included two experiments (1) Seed germination under
different treatments- 48% H2SO* for 40 minutes (T1), Water at 100°C for 10 minutes (T2), one-day water-soaked seed (T3); (2) Seedlings
survival percentage and growth-indices under different watering conditions i.e., 50 mL water per seedling every day (W1), 50 mL water
once in four days (W2), 50 mL water once in ten days (W3). Result of this study revealed that P. juliflora exhibited better germination
speed and percentage in all three treatments (T1,T2,T3) in comparison to the L. leucocephala, while underT1 treatment, both exhibited
best germination. On the 60th day of experiment maximum survival percentage was recorded under W2 water condition but maximum
root length was observed under W3 treatment for L. leucocephala and P. juliflora while maximum stem height was found under W1 and
W2 treatments for L. leucocephala and P. juliflora respectively. These finding would conclude that P, juliflora is more potential invader
in comparison to L. leucocephala as this gave the best result under the drought stress condition W2 and W3 for all the parameters and
study performed. Study also highlight the need of mitigation measures to curb the unlimited growth of P, juliflora under the present

scenario of rainfall shift favouring the invasion of drought tolerating plants.
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INTRODUCTION

Invasive plant species are already known to transform the
ecosystems processes and properties due to their high survival
and wide range of environmental adaptability (Vitousek et
al., 1997; Afreen et al., 2018). Invaders could alter ecosystem
processes by contributing to nitrogen enriched litter with higher
rate in decomposition, increasing soil nutrients, along with
change in soil pH (Ehrenfeld, 2010). Such modifications exhibit
observable impacts on the soil’s nutritional status, which in turn
has animpact on plant development and community structure
(Abdullahi and Elkiran, 2017). Despite international attempts
to address the issue, the number of invasive alien species is
increasing globally and does not appear to be slowing down.
Although every country in the world have so many invasive
plants species, but Indian is receiving invasion from certain
countries only. Tropical America contributes maximum number
of invasive species to India followed by Tropical Africa which
have 74% and 11% share of total invasion to India respectively
(Reddy et al., 2008). Although invasive species represent very less
of the total Indian flora but invasion by Leucaena leucocephala
(Lam.) de wit, (De wit, 1961) and Prosopis juliflora (Sw.) DC, due to
their economic value as well as invasive property, have become a
topic of discussion and a matter of concern as they have invaded
over a large area in India (Witt, 2010).

L. leucocephala and P. Juliflora are new world plants,
belonging to legume family (Fabaceae), subfamily Mimosoideae
(Asfaw and Thulin, 1989; Hughes, 1998a). During period of
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1970s, L. leucocephala was recognised as a miracle tree for
its diverse uses as it provides forage, wood, organic manure,
shade. It also helps in controlling the soil erosion along with
soil fertility (Bogdan, 1978). Despite of being rich in nutrients
and economical nature, L. leucocephala, now identified as
weed, also contains some toxic substances such as mimosine,
protocatechuic acid and gallic acid thus its utilisation becomes
limited (Shelton and Brewbaker, 1994; Hughes, 1998b; Cronk
and Fuller, 2014). Its character of weediness is creating problem
in many agricultural sites and forest nurseries (Verma et al.,
2005). P. juliflora, having the origin from the North, South, and
Central America (Pasiecznik et al., 2001), was introduced across
the world, due to its economic value as a fuel, and fodder. It has
the potential to develop deep root systems which could be as
long as 20-25 m (Pasiecznik et al., 2001).
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These plants are also provided with enough biological
characters such as continuous fruiting and flowering, rich in seed
production, Auto-fertile, a stony seed coat, the capacity to create
aseed bank, and the capacity to sprout after being burned or cut
(Shiferaw et al., 2004). These characters help in its faster invasion
to new areas and thus making it difficult to control. Considering
the above characters, Space et al. (2000) listed L. leucocephala
plant as aninvasive tree. L. leucocephala and P. juliflora, a strong
invader, can out compete the native vegetation and led to loss
of native grassland and pastures as it transforms grasslands into
thorny lands. (Weber, 2017).

According to a study on P. juliflora, this plant reduces the
light intensity and moisture under its canopy (Te Beest et al.,
2015). This reduction in light and moisture modify the plant
composition and decrease the richness and native plant
diversity, which leads to the eradication of selected species,
most notably grasses (Davies, 2011). Allelo-chemicals released
by invasive plants, such as P. juliflora, have an impact on soil
shift caused by microorganisms, shoot and root growth, and
seed germination (Coder, 1999; Getachew et al., 2012). Invasive
plants also disturb the native animal community with the
changesin the growth, survival, reproduction and behaviour of
native organisms (Coder, 1999). Many native plant communities
and ecosystems are being altered by invasive plant species,
which is causing deterioration and biodiversity loss (Gurevitch
and Padilla, 2004; Kumar and Verma, 2017). Most conservation
biologists concur that alien species incursions are a major factor
in the extinction and loss of recent species (Wilcove et al., 1998;
Fritts and Rodda, 1998).

L. leucocephala and P. juliflora, which were introduced as
economic plants, are now disturbing the ecosystem, which
would become more serious in times of rainfall shift. Rainfall
pattern of the tropical country like India is changing every year
(Chadwick et al., 2016). India is witnessing decrease in average
rainfall and rainy events but increase in downpour events which
is going to get more extremity in coming future because of the
climate change (Malhi et al., 2008; Feng et al., 2013). Due to the
fact that rainfall shift will affect soil moisture regime, soil carbon
balance, soil CO, flux, nutrient cycling, and soil properties (Gatti
et al., 2014; Doughty et al., 2015), the investigation of certain
invasive characteristics of these two plants become important
(Rind et al., 1989) to make a guess about more potential invader
between these two plants for coming future under shifted
rainfall regime. This would help in proper management of plants.
Therefore, a thorough study of certain invasive characters like
Germination rate, growth indices and germination speed of
these plants under different treatments (manipulative irrigation
conditions) becomes important since tropical (Indian) systems
are water-limited with concentrated seasonal rainfall and
extended dry periods. Two experiments were carried out to
achieve the previously mentioned objectives, with the goal of
comparing invasion potential of the two plants, which is crucial
for comprehending how plants react physiologically to changes
in rainfall. Only by understanding the invasion potential of these
two plants we will be able to understand the growth strategy of
an invasive plant community in a native ecosystem, which will
help us to understand the native ecosystem and provide ideas
for efficiently preserving, promoting, and managing native
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plant communities.

MATERIALS AND METHODS

Seeds of L. leucocephala and P. juliflora were purchased from a
local Nursery (Ganesh bagh Nursery), Varanasi, Uttar Pradesh.
Seed germination was tested by putting the seeds in a beaker
with water. Sunken seeds were healthy and sampled for further
germination and study of invasive characters and floating seeds
were discarded.

Study Site

This study was conducted in Botanical Garden of Banaras Hindu
University (25°16' N and 82°59’ E), Varanasi, Uttar Pradesh, India.
Experiment was done during winter season (25 November 2020
to 5 March 2021) by transferring the soil from Botanical Garden
into disposable cups.

Experimental Design

Three experiments were performed to conclude the invasive
nature of L. leucocephala and P. juliflora. All the two experiments
were conducted using completely randomised design (CRD)
with three treatments for each experiment, three replicates for
each treatment (i.e. 2 experiments x 3 treatments x 3 replicates
= 18). These experiments were as follow:

+  Study of seeds germination (via seed dormancy breaking) of
L. leucocephala and P. juliflora under 48% H,SO, treatment
for 40 min. (T1), hot water treatment at 100 °C for 10 min.
(T2), and 1-day water-soaked seed (T3). Seeds under the
sulphuric acid treatment were gently stirred periodically.
Following a 10-minute rinse under running water, the
seeds were left to dry in the shade. Seeds under the hot
water treatment were kept in boiling water at 100°C for 10
min after which it was allowed to cool to the temperature
of room.

«  Study of seedlings growth indices and survival percentage
(from day 6 germinated seeds transferred into cup till day
60 stable seedlings stage) of L. leucocephala and P. juliflora
under different watering conditions i.e. 50 mL watering in
each cup every day (W1), 50 mL watering once in a four Days
(W2) and 50 mL watering once in a 10 days (W3).

Environment Variables

A study for environmental variables was also conducted using
the data provided by Indian Meteorological Department,
Institute of Agricultural Science, Banaras Hindu University. All
the two experiments were performed from 25 November 2020
to 14 February 2021 (approximately 80 days’ experiment). To
make the study of environmental variable more accurate this
time period was divided into 4 slots 20 days each i.e. 25 Nov
to 14 Dec (S1), 15 Dec. to 4 Jan (52), 5 Jan to 24 Jan (S3) and 25
Jan to 15 Feb (S4). The mean 20 days’ maximum temperature
ranged from 21.26°C (during S3) to 26.63°C (during S4). 20 days’
mean for sunshine hours’ ranges from 2.11 hr (S3) to 4.54 hr
(S2). Relative humidity was found maximum in morning 9AM,
minimum in evening 6PM which was 93.75% (S4) and 53.6% (S4).
Summary of environmental variables during the experiments is
givenin Table 1.
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Soil Characteristics

Soil used for study was pale brown in colour and loamy in texture.
BHU campus soil is defined as insceptisol (Jat et al.,2013; Parewa
etal., 2014). Soil was characterised before the experiment and it
was found to be slightly basic (pH = 7.2), with bulk density and
Water Holding Capacity of 1.821 g/cm®and 41.66%, respectively.

Germination Study

A total of 500 seeds for each treatment in triplicates (after
treatments i.e. T1, T2, T3) were wrapped in moistened muslin
cloth and placed within the different petriplates (for each
replicate of each treatment) for 24 hrs to check the further loss
of water. After that, all the seeds were transferred to the different
plastic trays (for each replicate of each treatment) filled with sand
and keptin open environment for germination study. Then seed
germination was recorded every second day for one week until
germination stopped. Germination study involved the following
parameters- 1) Germination Percentage (GP) = total number of
germinated seeds/total seeds x 100. 2) Germination Speed (GS)
=n1/d1+n2/d2+n3/d3 +....... neo/deo (Czabator, 1962), where, n
= number of germinated seeds and d = number of days.

Seedlings Survival Percentage and Growth Indices
Study

For Seedlings Survival Percentage and Growth Indices study,
100 seedlings each of L. leucocephala and P. juliflora (7 days
old) were transferred into the disposable cups (200mL) under
three different water condition treatments (W1, W2, W3) in
triplicates. These seedlings were watered according to the
designed watering conditions i.e. 50mL watering in each cup
every day (W1), 50 mL watering once in a four Days (W2) and
50 mL watering once in a 10 days (W3). Seedling Survival
Percentage (SP) and Growth Indices for both L. leucocephala and
P. juliflora were recorded on every 20" day during experiment
for 2 months. Growth indices included stem height (SH) and
root length (RL).

Seedling survival percentage was calculated by using the
following formula:

Survival percentage = St/ St-1 X 100

Where, St = number of healthy seedlings at time t and St-1 =
number of healthy seedlings at time t-1

Table1: Environmental variables and their average value in respective
phase S1, 52, S3 and S4 of experiment.

Environmental During seed  During Seedling Growth Study

Parameters Germination

Study

25Novi14Dec  15Dec- 5Jan- 25Jan-

(S1) 04Jan (S2)  24Jan (S3)  14Feb (54)
Max Temp 26.63+0.36 2155+ 21.26 + 22.56 +
(°Q) 0.44 0.81 1.04
RH morning 93.45+0.77 9195+ 93.50 + 93.75 +
(%) 1.10 0.79 0.89
RH evening 58.25+1.88 5570+ 62.10 £ 53.60 +
(%) 2.76 2.09 3.62
Sunshine 431+067 454+070 2.11+£059 452+0.81
hours

(Source: Indian Meteorological Department, I. A. Sc. Banaras Hindu
University)
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Statistical Analysis

Data for different parameters were subjected to Multivariate
Analysis of Variance (MANOVA) to determine the effect
of treatments (Germination treatments, Water condition
treatments and Days treatments) on seed germination, growth
indices and death rate of both the plant species. The Post Hoc
(Tukey) test was used to compare the means. All these statistical
analyses were performed using SPSS package (SPSS Inc., Ver. 16).

REesuLTs

Seed Germination Percentage and Germination
Speed

Seed germination percentage varied significantly with
germination treatments, days and plant species (P < 0.05).
Maximum germination percentage was reported in H,SO,
treatment (T1) for both L. leucocephala (37.26 + 1.84%) and P.
juliflora (87.4 + 1.42%) on 6" day but germination percentage of
P. juliflora was 134.5% higher than that of L. leucocephala (Fig.1).
Minimum germination percentage for L. leucocephala (14.73 +
0.768%) and P. juliflora (53.4 + 2.03%) were reported in water
soaking treatment (T3) and hot water treatment (T2) respectively
(Fig.1). With respect to day, T1 and T2 treatments exhibited best
germination percentage till 4™ day of germination (for both the
plants), but under T3 treatment, best germination percentage
was recorded on 6 day of germination. On the 4" day L.
leucocephala gave 34.00 + 2.35% and 20.07 + 0.63% germination
under H,S0, treatment (T1) and hot water treatment (T2)
respectively, which was 8.7% and 5.3% less in comparison to 6"
day germination percentage respectively (Fig.1). On the 4™ day,
P.juliflorarecorded 85.60 + 1.56% and 51.26 + 2.48% germination
percentage under H,SO, treatment (T1) and hot water treatment
(T2), which was 2.05% and 3.99% less when compared to 6th day
germination percentage under the same treatmentsi.e. T1 and
T2 respectively (Fig.1).
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Fig.1: Germination Percentage and Germination speed for L.
leucocephala and P. juliflora among different Germination treatments
(T1,T2,T3) and different day treatments. Bars affixed with different
combination of letters are significantly different from each other (P
< 0.05). The uppercase letter represents Germination treatments and
lowercase letter represents day treatments. Values are + SE.
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The maximum germination speed (seeds/day) for L.
leucocephala was recorded on 4™ day under H,SO, treatment
(T1) followed by ond day under hot water treatment (T2) and on
6™ day for water soaking treatment (T3) which was 56.66 + 3.40,
34.00+2.02 and 25.83 + 2.80 seeds/day respectively (Fig.1), while
P.juliflora exhibited maximum germination speed on 2" day of
experiment for all the treatments (T1, T2and T3) i.e. 199 + 4.09,
123.17 £ 6.72, and 141.83 * 3.94 seeds/day respectively (Fig.1).

Seedlings Survival Percentage

Seedlings survival percentage of both the plant species
varied significantly for watering treatments (P < 0.05). Survival
percentage increased with increase in number of days and
maximum survival percentage was found on 60" day of study
under all the three watering conditions (W1, W2 and W3) for
both the plants (Fig.2). In the case of L. leucocephala, maximum
survival percentage was found on 60" day under W2 watering
conditions i.e. 97.51 + 0.65% and the minimum survival
percentage was found on 20" day under W3 watering condition
i.e. 52.00 + 4.35%. While in the case of P. juliflora, maximum
survival percentage found was 98.15 £ 0.99% under W2 watering
condition on 40™ day of the experiment and minimum survival
percentage found was 45.33 £ 4.6 under W1 watering condition
on 20" day of the experiment (Fig.2).

Growth Indices

Stem height and root length varied significantly for both plant
species under different watering conditions (P < 0.05). On the
60" day, L. leucocephala plants attained maximum stem height
(24.42 +1.18 cm) and maximum root length (7.74 £ 0.8 cm) under
W1 watering condition and W3 watering condition respectively,
while in case of P. juliflora, both maximum stem height (8.6 + 0.67
cm) and maximum root length (6.76 + 0.40 cm) were recorded
under W3 watering condition (Table 2). Minimum stem height
for L. leucocephala (13.64 + 1.33 cm) and P. juliflora (5.92 + 0.33
cm) were recorded under W3 and W1 watering conditions
respectively. Minimum root length for L. leucocephala (6.08 +
0.52 cm) and P. juliflora (3.3 + 0.20 cm) was recorded under W2
and W1 watering conditions respectively (Table 2).

Discussion

Invasive Alien Plants Species (IAPS) are non-native plants that
occur outside their adapted natural ranges and dispersal
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Fig.2:Survival Percentage for L. leucocephala and P. juliflora among

different watering condition treatments (W1, W2, W3) and different

day treatments. Bars affixed with different combination of letters

are significantly different from each other (P < 0.05). The uppercase

letter represents watering condition treatments and lowercase letter
represents day treatments. Values are + SE
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Table. 2: Effect of different watering conditions on Growth indices (Stem
Height SH; Root length RL) of L. leucocephala and P. juliflora seedlings.
Units of both SH and RL is cm.

Watering  Plant Param- Days

Con- species  eters

ditions 20"day 40" day 60" day
50mL  Lleuco SH 542+027 1004+ 2442+
water cephala 0.73 1.18
every- RL 324+020 3.80+009 6.16+0.19
dayin

each Pjuli  SH 268+156 3.84+033 5.92+0.33
plant flora RL 1.16+£0.09 260+0.18 3.30£0.20
(W1)

50mL  Lleuco SH 506+021 698+0.56 1504+
water cephala 1.43

every RL 330+0.11 418+023 6.08+0.52
4"day

ineach  Pjuli  SH 268+0.12 424+0.13 742+043
plant flora RL 1.84+£006 246+0.12 4.08+0.12
(W2)

50mL  Lleuco SH 514+031 620+037 1364+
water cephala 1.33

every RL 3524026 4.84+026 7.74%0.80
10" day

ineach  Pjuli  SH 3184022 494+025 8.60+0.67
I(Ov'\f/‘;)t flora RL 1964024 392%0.13 6.76+041

potential along with outcompeting the native species.
Invasive aliens plant species have several strategies to tackle
the environmental changes i.e. seed dormancy, higher
germination speed, drought resistance nature etc. (Shiferaw
et al., 2004). An experiment on the seed of L. leucocephala
was performed by Rusdy (2016) in Indonesia in order to
explain the germination speed and germination percentage
of L. leucocephala. Experiment was performed in laboratory
under controlled environmental conditions and he found that
H,SO, has stimulatory effect on seed germination. Also, he
recorded that lowest germination took place in water soaking
treatment. Similarly, in our experiment we found that maximum
germination percentage was found in the H,SO, treatment (T1)
for both the plants, and minimum germination percentage was
found in Water soaking treatment/Control(T3) for L. leucocephala
and in hot water treatment (T2) for P. juliflora (Fig.1). The highest
stimulatory effect of H,SO, on scarification of the seeds during
germination was also reported in many other plantsi.e. Atriplex
canescens (Nosrati et al., 2008), Tamarindus indica L. (Muhammad
and Amusa, 2003). Treating seeds with acid removes waxy layer
by chemical decomposition of the components of seed coat
(Dachung and Verinumbe, 2006). H,SO, disrupts the seed coat
and thus lumens of the macro-sclereids get exposed and allows
the imbibition of water which triggers protein synthesis and
encourages the germination (Jackson, 1994). Slow germination
of P. juliflora under hot water treatment (T2) in comparison to
water soaking treatment/control (T3) yet needs to be studied.

Leucaena leucocephala achieved its maximum germination
percentage on 4™ day under H,SO, treatment (T1) but under
water soaking treatment (T3) it took 6 days to achieve maximum
germination percentage (Fig.1). Germination speed depends
on the efficiency of germination treatment given to the seeds.
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Faster rate of germination under T1 was because of higher
potential of H,SO, for seed scarification in comparison to
water under T3 (control, water soaking) which gave the slowest
germination speed (Rusdy, 2016). The hot water technique to
break the dormancy is simplest to perform, but the expected
results for most legumes are mixed (Nascimento & Oliveira, 1999)

Prosopis juliflora exhibited maximum germination speed
on the 2" day of experiment under all the treatments (Fig.1).
The possible reason may be thinner seed coat which allows
easy permeability of water, therefore, for Prosopis juliflora seeds
scarification agent is not needed. Nascimento and Oliveira (1999)
have reported that water soaking treatment for 24 hours is the
cheapest techniques for seed germination and to break the
seed dormancy but it is effective only when water enters into
the integument quickly (Nascimento and Oliveira, 1999).This
result is consistent to the findings of Duguma et al.(1988) i.e.
acid scarification (by H,SO,) is the most efficient way to improve
the coat permeability followed by other scarification methods
i.e. hot water treatment and acetone treatment. Plant growth
depends on the speed of seed germination (Valente et al.,
2016) so this may be one reason for increased invasiveness of P.
juliflora which significantly (P < 0.05) exhibited higher and better
germination percentage and speed in our experiment (Fig.1).

Survival percentage of L. leucocephala and P. juliflora
exhibited the similar trend. Survival percentage on the 60"
day of experiment was significantly higher in comparison to
the 20" day of experiment for both the two plants under all
the three water conditions (W1, W2, W3) respectively (Fig.2).
In comparison to 20™ day, higher survival percentage on the
60™ day of experiment was observed on account of favourable
environmental condition during this time period (Table 1), as
Paiva et al. (2008) have reported that emergence of seedlings,
their survival and plant growth depends on the weather
conditions too. The other reason behind the increased survival
percentage of plants would be the shift in Water Use Efficiency
(WUE). Spreer et al. (2009) reported that WUE of L. leucocephala
changes with change of different water application levels and
main effect was significant with change in water levels in respect
to WUE. On 20 day, both the plant exhibited maximum survival
percentage in W2 water condition followed by W1 and W3 in L.
leucocephalaand by W3 and W1 in P. juliflora (Fig.2). One reason
for lowest survival percentage of L. leucocephala under W3
and P. juliflora under W1 water condition (Fig.2) may be due to
difference in WUE of different plant types under different water
conditions as change in WUE depends on plant species (Kireger
and Blake, 1994). Kireger and Blake (1994) also reported that WUE
and plant water status does not respond in the same way for
all crops, rather it changes with the methods of irrigation and
soil characteristics.

In terms of growth indices, L. leucocephala exhibited
maximum stem height under W1 water condition followed by
W2 and W3 but root length under W3 condition was slightly
larger than W1 and W2 (Table 2). Reason for this kind of growth
indices is the different pattern of biomass distribution under
different water conditions. Plants tend to distribute more
biomass in stem during favourable (rainy) condition but in
roots during drought condition (van Wijk, 2011). Same pattern
was observed in case of P. juliflora root length, but exhibited
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a different pattern for stem height. Stem height of P. juliflora
was found maximum under W3 water condition followed by
W2 and W1 water conditions (Table 2). Riaz et al. (2013) have
already reported that drought pose significant effect on the
plant height, root length and leaves number. Many studies have
reported significant interaction of different plant types with
water treatments (Ashraf and Khan, 1993; Dhanda et al., 2004;
Asghari et al., 2009).

Several other studies have reported that productivity
of ecosystem is nonlinearly and asymmetrically related to
different precipitation treatments (Luo et al., 2017; Zhang et al.,
2017; Felton et al., 2019). Therefore, experiments with changing
precipitation amounts would also show the variation in net
primary productivity (NPP) (McCarthy, 2007; Bardgett and
Wardle 2010). One general theory to explain the change in
allocation pattern of plant biomass under variation in water
condition is optimal partitioning theory (Bloom et al., 1985; Hui
and Jackson, 2006; van Wijk, 2011). According to the optimal
partitioning theory, plants would allocate more carbohydrate
to the roots experiencing the drought conditions to maximize
water uptake, but when extensive supply of water is available
to the plants, plants would allocate more carbohydrate to stem
or aboveground portion so that it can maximize its growth and
water use efficiency for better access to the light resources (Hui
and Jackson, 2006; Mokany et al., 2006; van Wijk, 2011).This result
certainly draws attention towards the need of less amount of
water dose for growth due to increase in WUE. Shifera (2021) also
performed an experiment on P. juliflora to study the seasonal
need of water and he found that during winter season P. juliflora
exhibited decreased uptake of water in comparison to summer
season. His resultis consistent with our study where we observed
a shift in WUE of P. juliflora across the seasons.

CONCLUSION

The study explained about the water adapted and advantageous
characters of Prosopis juliflora over Leucaena leucocephala, as
former species envisages the better germination potentialin all
the three circumstances, there is no need for seed scarification
for P. juliflora; although the plant gave the similar germination
percentage under H,SO, treatment. The study of survival
percentage (under different watering conditions) envisages
that P. juliflora plant is more adapted to manipulative water
doses. Certainly, these characters make P. juliflora a better
adapted plant in the coming time due to expected shift in
rainfall patterns. P. juliflora along with L. leucocephala exhibited
maximum root length under W3 treatment (50mL watering
once in a 10 days) that makes an increase in the invasiveness
character under drought condition. In future these invasive
traits of both the plants could cause serious damage to the
native plant community. Overall, our work will be valuable in
giving a clear understanding of several characteristics that make
P. juliflora a potential invader under rainfall fluctuation. Our
study also emphasises the urgent need for various alternative
management techniques used by individuals in addition to
government efforts. Mechanical and chemical control as well
as biological control of P. juliflora employing seed-feeding
beetles (Algarobius bottimeri and Algarobius prosopis) have
been tried, but have shown to be expensive and ineffectual. To
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further enhance management, it may be possible to investigate
additional control mechanisms like the control by utilisation
method. Adopting effective management techniques, such as
charcoal production, would help to advance not only the rural
economy but also the native plant community’s protection and
promotion.

ACKNOWLEDGEMENTS

We thank the coordinator, CAS, Department of Botany, Banaras
Hindu University, for providing research facilities to carry out
this research. The authors Ashish Mishra and Swati Mishra
acknowledge to Council of scientific and industrial research
(CSIR, New Delhi) for providing senior research fellowship.

AuTHORS’ CONTRIBUTIONS

Ashish Mishra conceived the experiment. Both Ashish Mishra
and Swati Mishra drafted the manuscript. Prakash Rajak
performed the statistical analysis. Hema Singh reviewed the
manuscript and made the needful corrections as well. All authors
have read and approved the manuscript.

CONFLICT OF INTERESTS
None.

REFERENCES

Abdullahi, J., & Elkiran, G. (2017). Prediction of the future impact of climate
change on reference evapotranspiration in Cyprus using artificial
neural network. Procedia computer science, 120, 276-283. https://doi.
org/10.1016/j.procs.2017.11.239

Afreen, T., Srivastava, P, Singh, H., & Singh, J. S. (2018). Effect of invasion by
Hyptis suaveolens on plant diversity and selected soil properties of a
constructed tropical grassland. Journal of Plant Ecology, 11(5), 751-760.
https://doi.org/10.1093/jpe/rtx045

Asfaw, H., & Thulin, M. (1989). Mimosoideae. Flora of Ethiopia, 3,71-73.

Asghari, M. T., Daneshian, J., & Farahani, H. A. (2009). Effects of drought stress
and planting density on quantity and morphological characteristics
of chicory (Cichorium intybus L.). Asian Journal of Agricultural Sciences,
(1), 12-14.

Ashraf, M. Y., & Khan, A. H. (1993). Effect of drought stress on wheat plant
in early stage. Pakistan Journal of Agricultural Research (Pakistan).

Bardgett, R. D., & Wardle, D. A. (2010). Aboveground-belowground linkages:
biotic interactions, ecosystem processes, and global change. Oxford
University Press.

Bloom, A. J,, Chapin lll, F. S., & Mooney, H. A. (1985). Resource limitation
in plants-an economic analogy. Annual review of Ecology and
Systematics, 16(1), 363-392.

Bogdan, A. V. (1978). Leucaena, Promising Forage and Tree Crop for the
Tropics. Washington, DC: National Academy of Sciences (1977),
pp. 122, NP. Experimental Agriculture, 14(4), 400-401. https://doi.
org/10.1017/50014479700009091

Chadwick, R., Good, P, Martin, G., & Rowell, D. P.(2016). Large rainfall changes
consistently projected over substantial areas of tropical land. Nature
Climate Change, 6(2), 177-181. https://doi.org/10.1038/nclimate2805

Coder, K.D., & Warnell, D. B.(1999). Allelopathy in trees. University of Georgia,
Cooperative Extension Service, Forest Resources.

Cronk, Q. C., & Fuller, J. L. (2014). Plant invaders: the threat to natural
ecosystems. Routledge. https://doi.org/10.4324/9781315071831

Czabator, F. J. (1962). Germination value: an index combining speed and
completeness of pine seed germination. Forest science, 8(4), 386-396.
https://doi.org/10.1093/forestscience/8.4.386

Dachung, G., & Verinumbe, I. (2006). Effect of water and acid pre-treatment
on the germination of Prosopis africana seeds. In Proceedings of the

266

International Journal of Plant and Environment, Volume 9 Issue 3 (2023)

31st Annual Conference of the Forestry Association of Nigeria, 20-25.

Davies, K. W.(2011). Plant community diversity and native plantabundance
decline with increasing abundance of an exotic annual grass.
Oecologia, 167(2),481-491. https://doi.org/10.1007/s00442-011-1992-2

De Wit, H. C. D. (1961). Typification and Correct Names of Acacia villosa
Willd. and Leucaena glauca (L.) Bth. Taxon, 50-54. https://doi.
org/10.2307/1217452

Dhanda, S. S., Sethi, G. S., & Behl, R. K. (2004). Indices of drought tolerance
in wheat genotypes at early stages of plant growth. Journal of
agronomy and crop science, 190(1), 6-12. https://doi.org/10.1111/j.1439-
037X.2004.00592.x

Doughty, C. E., Metcalfe, D.B., Girardin, C. A. J.,, Amézquita, F. F., Cabrera, D.
G.,Huasco, W.H., & Malhi, Y. (2015). Drought impact on forest carbon
dynamics and fluxes in Amazonia. Nature, 519(7541), 78-82. https://
doi.org/10.1038/nature14213

Duguma, B.,Kang, B.T., & OKALI, D. U. (1988). Factors affecting germination
of leucaena (Leucaena leucocephala) (Lam.) de Wit seed. Seed Science
and Technology, 16(2), 489-500.

Ehrenfeld, J. G. (2010). Ecosystem consequences of biological invasions.
Annualreview of ecology, evolution, and systematics, 41, 59-80. https://
doi.org/10.1146/annurev-ecolsys-102209-144650

Felton, A. J., Zavislan-Pullaro, S., & Smith, M. D. (2019). Semiarid ecosystem
sensitivity to precipitation extremes: weak evidence for vegetation
constraints. Ecology, 100(2),e02572. https://doi.org/10.1002/ecy.2572

Feng, X., Porporato, A., & Rodriguez-lturbe, I. (2013). Changes in rainfall
seasonality in the tropics. Nature Climate Change, 3(9), 811-815. https:/
doi.org/10.1038/nclimate1907

Fritts, T. H., & Rodda, G. H. (1998). The role of introduced species in the
degradation of island ecosystems: a case history of Guam. Annual
review of Ecology and Systematics, 29(1), 113-140.

Gatti, L. V., Gloor, M., Miller, J. B, Doughty, C. E., Malhi, Y., Domingues, L. G.,
...&Lloyd, J. (2014). Drought sensitivity of Amazonian carbon balance
revealed by atmospheric measurements. Nature, 506(7486), 76-80.
https://doi.org/10.1038/nature12957

Getachew, S., Demissew, S., & Woldemariam, T. (2012). Allelopathic effects
of the invasive Prosopis juliflora (Sw.) DC. on selected native plant
speciesin Middle Awash, Southern Afar Rift of Ethiopia. Management
of Biological Invasions, 3(2), 105-114.

Gurevitch, J., & Padilla, D. K. (2004). Are invasive species a major cause of
extinctions?. Trends in ecology & evolution, 19(9), 470-474. https://doi.
org/10.1016/j.tree.2004.07.005

Hughes, C. (1998). Monograph of Leucaena (Leguminosae-Mimosoideae).
Laramie: American Society of Plant Taxonomists.

Hughes, C.E. (1998). Leucaena: a genetic resources handbook (No. 37). Oxford
Forestry Institute, University of Oxford.

Hui, D., & Jackson, R. B. (2006). Geographical and interannual variability in
biomass partitioning in grassland ecosystems: a synthesis of field
data. New phytologist, 169(1), 85-93. https://doi.org/10.1111/j.1469-
8137.2005.01569.x

Jackson, M. B. (1994). Root-to-Shoot Communication in Flooded Plants:
Involvement of Abscisic Acid, Ethylene, and 1-Aminocyclopropane-1-
carboxylic Acid. Agronomy Journal, 86(5), 775-782. https://doi.
org/10.2134/agronj1994.00021962008600050006x

Jat, L.K,, Singh, S. K., Latare, A. M., Singh, R. S., & Patel, C. B. (2013). Effect of
dates of sowing and fertilizer on growth and yield of wheat (Triticum
aestivum) in an Inceptisol of Varanasi. Indian Journal of Agronomy,
58(4), 611-614.

Kireger, E.K., &Blake, T. J. (1994). Genetic variation in dry matter production,
water use efficiency and survival under drought in four Acacia species
studied in Baringo, Kenya. Catena Verlag: Advances in geoecology,
(27), 195-204.

Kumar, A., & Verma, A. K. (2017). Biodiversity loss and its Ecological impact
in India. International Journal on Biological Sciences, 8(2), 156-160.

Luo, Y., Jiang, L., Niu, S., & Zhou, X. (2017). Nonlinear responses of land
ecosystems to variation in precipitation. New Phytologist, 214(1), 5-7.
https://www.jstor.org/stable/90001544

Malhi, Y., Roberts, J. T., Betts, R. A., Killeen, T. J., Li, W., & Nobre, C. A. (2008).
Climate change, deforestation, and the fate of the Amazon. science,
319(5860), 169-172. https://doi.org/10.1126/science.1146961



L. leucocephala vs. P. juliflora under rainfall shift conditions

McCarthy, M. C., & Enquist, B. J. (2007). Consistency between an allometric
approach and optimal partitioning theory in global patterns of plant
biomass allocation. Functional Ecology, 713-720. https://www.jstor.
org/stable/4540076

Mokany, K., Raison, R. J., & Prokushkin, A. S. (2006). Critical analysis of root:
shoot ratios in terrestrial biomes. Global change biology, 12(1), 84-96.
https://doi.org/10.1111/j.1365-2486.2005.001043.x

Muhammad, S., & Amusa, N. A. (2003). Effects of sulphuric acid and hot
water treatments on seed germination of tamarind (Tamarindus
indica L). African journal of biotechnology, 2(9), 376-279. https://doi.
org/10.5897/AJB2003.000-1056

Nascimento, M. D.P.S. C., & Oliveira, M. E. A. (1999). Quebra da dorméncia
de sementes de quatro leguminosas arboreas. Acta Botanica Brasilica,
13, 129-137. https://doi.org/10.1590/50102-33061999000200002

Nosrati, K., Azarnivand, H., & Bijanzadeh, A. (2008). Effect of sulfuric acid
treatments on eliminating seed bracts, chilling and hydropriming
in dormancy breaking of seeds of Atriplex halimus and Atriplex
canescens. J. Natural Res. Depart, 61(1), 253-264.

Paiva, A. S. D., Rodrigues, T. D. J. D., Cancian, A. J., Lopes, M. D. M., &
Fernandes, A. C. (2008). Qualidade fisica e fisioldgica de sementes
da leguminosa forrageira Macrotyloma axillare cv. Java. Revista
Brasileira de Sementes, 30, 130-136. https://doi.org/10.1590/50101-
31222008000200016

Parewa, H. P, Yadav, J., & Rakshit, A. (2014). Effect of fertilizer levels, FYM
and bioinoculants on soil properties in inceptisol of Varanasi, Uttar
Pradesh, India. International Journal of Agriculture, Environment
and Biotechnology, 7(3), 517-525. http://dx.doi.org/10.5958/2230-
732X.2014.01356.4

Pasiecznik, N. M., Felker, P., Harris, P. J., Harsh, L., Cruz, G., Tewari, J.C., ... &
Maldonado, L. J. (2001). The Prosopis juliflora-Prosopis pallida complex:
amonograph (Vol. 172, pp. 29-32). Coventry, UK: HDRA.

Reddy, C. S. (2008). Catalogue of invasive alien flora of India. Life science
journal, 5(2), 84-89.

Riaz, A. T. . F, Younis, A., Taj, A. R., Karim, A., Tarig, U., Munir, S., & Riaz, S. I.
T.W. A.T.(2013). Effect of drought stress on growth and flowering of
marigold (Tagetes erecta L.). Pakistan Journal of Botany, 45(S1), 123-131.

Rind, D., Goldberg, R., & Ruedy, R. (1989). Change in climate variability in
the 21st century. Climatic change, 14(1), 5-37. https://doi.org/10.1007/
BF00140173

Rusdy, M. (2016). Improvement of seed germination and early seedling
growth of Leucaena leucocephala by cold water, mechanical and acid
scarification pretreatment. Int. J. Res. Sci. Pub, 1(1), 1-6. https://core.
ac.uk/download/pdf/83870006.pdf

Shelton, H. M., & Brewbaker, J. L. (1994). Leucaena leucocephala-the most
widely used forage tree legume. Forage tree legumes in tropical
agriculture.(Eds. RC Gutteridge and HM Shelton). CAB International.
Wallingford, UK, 15.

International Journal of Plant and Environment, Volume 9 Issue 3 (2023)

Shiferaw, H., Alamirew, T., Dzikiti, S., Bewket, W., Zeleke, G., & Schaffner, U.
(2021). Water use of Prosopis juliflora and its impacts on catchment
water budget and rural livelihoods in Afar Region, Ethiopia. Scientific
reports, 11(1), 2688. https://doi.org/10.1038/s41598-021-81776-6

Shiferaw, H., Teketay, D., Nemomissa, S., & Assefa, F. (2004). Some biological
characteristics that foster the invasion of Prosopis juliflora (Sw.) DC.
at Middle Awash Rift Valley Area, north-eastern Ethiopia. Journal
of arid environments, 58(2), 135-154. https://doi.org/10.1016/j.
jaridenv.2003.08.011

Space, J.C., Waterhouse, B., Denslow, J.S., Nelson, D., & Mazawa, T.R. (2000).
Invasive plant species in Chuuk, Federated States of Micronesia. USDA
Forest Service, Institute of Pacific Islands Forestry, Honolulu, Hawai’i, USA.
https:/fsm-data.sprep.org/system/files/19.pdf

Spreer, W.,Ongprasert, S., Hegele, M., Wiinsche, J. N., & Miller, J. (2009). Yield
and fruit development in mango (Mangifera indica L. cv. Chok Anan)
under different irrigation regimes. Agricultural water management,
96(4), 574-584. https://doi.org/10.1016/j.agwat.2008.09.020

Te Beest, M., Esler, K. J., & Richardson, D. M. (2015). Linking functional traits
to impacts of invasive plant species: a case study. Plant Ecology, 216,
293-305. https://doi.org/10.1007/s11258-014-0437-5

Valente, T.N. P, Lima, E. D. S., Souza, L. A., & Dias, A. (2016). Treatments for
breaking dormancy of the crotalaria seeds (Crotalaria ochroleuca).
African Journal of Agricultural Research, 11(47), 4846-4849. https://
doi.org/10.5897/ajar2016.11637

van Wijk, M. T. (2011). Understanding plant rooting patterns in semi-arid
systems: an integrated model analysis of climate, soil type and plant
biomass. Global Ecology and Biogeography, 20(2), 331-342. https://doi.
org/10.1111/j.1466-8238.2010.00601.x

Verma, R.K., Yogendra, S., & Soni, K. K. (2005). Solarization of forest nursery
soil for elimination of root pathogens and weeds. Indian Journal of
Tropical Biodiversity, 13(2), 81-86.

Vitousek, P. M., D'antonio, C. M., Loope, L. L., Rejmanek, M., & Westbrooks,
R. (1997). Introduced species: a significant component of human-
caused global change. New Zealand Journal of Ecology, 1-16. https://
www.jstor.org/stable/24054520

Weber, E. (2017). Invasive plant species of the world: a reference guide to
environmental weeds. Cabi.

Wilcove, D. S., Rothstein, D., Dubow, J., Phillips, A., & Losos, E. (1998).
Quantifying threats to imperiled species in the United States.
BioScience, 48(8), 607-615. https://doi.org/10.2307/1313420

Witt, A. B.(2010). Biofuels and invasive species from an African perspective-a
review. Gcb Bioenergy, 2(6), 321-329. https://doi.org/10.1111/j.1757-
1707.2010.01063.x

Zhang, B., Tan, X., Wang, S., Chen, M., Chen, S., Ren, T., ... & Han, X. (2017).
Asymmetric sensitivity of ecosystem carbon and water processes in
response to precipitation change in a semi-arid steppe. Functional
Ecology, 31(6), 1301-1311. https://doi.org/10.1111/1365-2435.12836

267



