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ABSTRACT

The seedling stage is a sensitive and important stage in plant life. Hence, a thorough understanding of the ecology of
individual species and environmental characteristics affecting seedling growth is necessary. Resources such as water,
nutrient and light are the most important limiting factors that influence seedling survival and establishment. However,
the effect of these environmental factors is modified by grass competition in tropical dry forests. In this study, we
examined the effects of light and nutrient with and without grass on the growth of seedlings of four common dry
tropical plant species, viz., Acacia catechu, Acacia nilotica ssp. indica, Ziziphus mauritiana and Terminalia arjuna. The
growth parameters including height, girth, total dry weight, leaf area and number of leaves, relative growth rate in
terms of height, diameter and dry weight were recorded for each species under different treatment combinations. All
the species behaved differently under studied treatment combinations. Seedlings were more responsive to the
nutrient addition in presence of light. Presence of grass had overall negative effect on growth of tree seedlings. Survival
was found highest for A. nilotica ssp. indica and lowest for Z. mauritiana while reverse trend was observed for overall
growth. We infer from the results that supplementation of nutrients have strong positive effect over the seedling
survival and growth even under reduced light and presence of grass competition. Moreover, the findings also revealed
that the regular weeding and nutrient supplementation under the existing forest vegetation may help in regeneration
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of the dry tropical vegetation by reducing seedling mortality even under dense canopy conditions.
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Introduction

Dry tropical forests are among the most exploited
and endangered ecosystems of the world (Murphy and
Lugo, 1986; Dirzo et al., 2011). On global basis, 52% of
total forest are tropical and over 42% of tropical forests
have been classified as dry forest (Holdridge, 1967;
Brown and Lugo, 1990). In India, dry tropical forests
account for about 38% of the total forest cover (Singh and
Singh, 1988). In recent years, increasing proportions of
tropical dry forest have been modified into open
secondary forest or savanna or completely destroyed
through activities such as mining, agriculture, herbivory,
and fire (Jha and Singh, 1990). Although dry tropical
forests are not as diverse as moist or wet tropical forests
(Kalacska et al., 2004), their conservation and restoration
is a high priority because they contain many endemicand
economically valuable species (Sanchez-Azofeifa et al.,
2005). The vegetation recovery is either very slow or
unpredictable due to interactions among propagules,
site characteristics and climatic conditions (Khurana and
Singh, 2001). The vegetation recovery options can only

be assessed after thorough examination of how
seedlings of individual species perform under changed
climatic conditions and by identifying key regulatory
environmental factors for seedling survival and growth.

Seedlings are an important and sensitive stage of
plant life. The studies conducted on dry tropical tree
seedling growth have mostly focused on spatio-temporal
pattern of seedling recruitment and the response has
been studied for the disturbance events such as fire and
herbivory (Bond et al., 2000; Bhadouria et al., 2016,
2017a; Tripathi et al., 2017). The growth response of
seedlings varying in life history traits has been investigated
in relation to the availability of light (Rican and Huante,
1993; Huante and Rincdn, 1998; Walter and Reich, 2000),
soil nutrients (Milberg et al., 1998), soil water (Lieberman
and Lieberman, 1984; Ceccon et al., 2002), and elevated
CO, (Khurana and Singh, 2004). Limited research has been
performed for elucidating the importance of different
resources to seedling growth for competitive inhibition
versus resource limitation (Brown and Archer, 1999; Kraaiz
and Ward, 2006; Bhadouria et al., 2016, 2017b).

Biotic-abiotic interactions affecting seedlings growth in dry tropics.
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Light availability on the forest floor has been
recognized as a key factor that influences growth traits of
tree seedlings in dry tropical ecosystems (Jones et al.,
1994; Kitajima and Tilman, 1994; Walters and Reich,
1996; Sagar et al., 2008). The forest in dry tropics
experiences a flush of leaves in pre-monsoon period
forming a dense canopy (Singh and Singh, 1992;
Gerhardt, 1993), thus reducing and modifying quality of
light for the seedlings emerging in the ensuing rainy
season. This may lead to stress condition for seedlings. In
the rain forest species, physiological and life-history
trade-offs exist between pioneers and shade-tolerant
tree species in their degree of dependence on light and
gaps for growth and survival (Hubbell et al., 1999;
Goodale et al., 2012, 2014). Studies conducted on the
natural gap understory gradients suggest an inverse
association between light and soil nutrient availability
(Bazzaz and Wayne, 1994; Bhadouria etal., 2016). Grubb
et al. (1996) suggested that growth rates were low under
lowight conditions but generally similar in both tolerant
and intolerant species. However, Khurana and Singh
(2006) suggested that dry tropical forest species cannot
be strictly categorized into two distinct groups (shade
tolerant vs. intolerant), rather shade preference and gap
preference would be the more expressive terms.

Grasses, in general, suppress the seedling growth
(Kambatuku et al., 2011) possibly due to competition for
above- and below-ground resources. However, some
studies suggest that seedling growth is independent of
grass competition (O’Connor 1995; Brown and Archer,
1999), and others have reported that grasses may
facilitate the growth of seedlings by moderating
microclimatic conditions (Barbosa et al., 2014).
Therefore, the interactive grass—seedling growth
dilemma still prevails and it further gets impetus under
variable resource availability (van der Wall et al., 2009).
For example, in India most of the dry tropical forest
occurs in nutrient poor soils (Singh et al., 1989) and traits
such as nitrogen fixing ability, tree size, habitat
preferences, etc., may respond differently to resource
(light, water, nutrient) availability and disturbance
gradients (Chapin et al., 2003; Bhadouria et al., 2016,
2017a,b). Several fertilization experiments have been
conducted throughout the tropics to show that many of
the light demanding, pioneer and non-pioneer species
respond positively to increasing nutrient availability
(Lawrence, 2003; Khurana and Singh, 2004; Zhou et al.,
2011). However, limited studies are available elucidating
the key determinants for seedling growth of individual
tree species.

Determining seedling’s response to variation in
soil nutrient and light levels with or without grass

competition will not only improve our understanding of
how natural variation in nutrient availability affects
forest dynamics, but may also help to understand the
impact of the widespread human-induced fertilization,
watering, and canopy cutting of natural ecosystems. In
the present study, seedlings of four tropical tree species
with varying life history traits (viz., pioneer and non-
pioneer; leguminous and non-leguminous) were
selected to observe their responses to different
combination of light and nutrient under presence and
absence of grasses. Most of the experiments conducted
in dry tropical environment suggested that nutrient
shortage, shade and competition with grasses may limit
survival and establishment of tree seedlings. We
expected that all the species will respond positively with
increased nutrient availability under full sunlight (i.e. gap
condition) and negatively with grass competition as
grasses may compete for above- (light) and below-
ground (soil nutrient) resources (hypothesis 1). Because
leguminous species have greater leaf N content than
non-deguminous species (Singh, 2006), we expected the
former species to perform better than non-deguminous
species in terms of survival and growth under
environmental stresses (hypothesis 2). Because non-
pioneer species are less responsive to nutrient
fertilization than pioneer species (Chapin, 1980), we
expected, pioneer species to perform better under
nutrientamendment condition (hypothesis 3).

Methods
Study plant species

Four tree species (viz. Ziziphus mauritiana, Acacia
nilotica ssp. indica, Acacia catechu and Terminalia
arjuna), commonly found in dry tropical forest of India
(Sahu et al., 2008; Chaturvedi et al., 2011), with different
life history traits, were selected for the present study
(Table 1). Two species (Ziziphus mauritiana and
Terminalia arjuna) are nondeguminous and two species
(Acacia nilotica ssp. indica and Acacia catechu) are
leguminous. Ziziphus mauritiana, a pioneer belonging to
the family Rhamnaceae, is a small to moderate sized
deciduous (almost evergreen) species and prefers
disturbed areas. Acacia nilotica ssp. indica - a pioneer, is
moderate sized and almost evergreen early successional
leguminous tree species. A. catechu - is a pioneer, fast
growing tree species and prefers large to medium-sized
gaps, forest edges and human-disturbed areas.
Terminalia arjuna is a large-seeded, non-pioneer, nearly
evergreen, fast growing, late-successional tree species.
Allthe studied species are light demanding. All the above
species naturally occur in dry forests of India and also
have economicvalue (Troup, 1921).
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Table 1. Characteristics of the selected species based on Troup (1921).

[January

Species Ziyphus mauritiana Acacia nilotica ssp. indica Acacia catechu Terminalia arjuna
Family Rhamnaceae Mimosaceae Mimosaceae Combretaceae
Growth Fast Slow Moderate Fast

Successional status Pioneer Pioneer Pioneer Non-pioneer
Tree size Moderate Small Moderate Large

Habitat preferences Disturbed Disturbed Disturbed Undisturbed
Functional group Non-egume Legume Legume Non-legume

Soil Sandy/alluvium Alluvium/black Cotton sandy Alluvial loam

IvVI* 0.42-31.0 0.39-6.0 0.6-17.6 0.424.43

*Sahu et al., 2008; Chaturvedi et al., 2011

Experimental setup and growth conditions

Experiments were conducted in the Experimental
plot of Botanical Garden, Banaras Hindu University
(BHU), Varanasi (25°18' N, 83°03" E, 129 m asl) during
20112012. The climate of the study area is tropical
monsoonal. Mean monthly temperatures during the
experimental period varied from 17°C to 39°C and
relative humidity from 42% to 87%. The year consists of a
hot summer (April — June), a warm rainy season (July —
September), and a cold winter (November—February).
Summers are dry and hot with temperature ranging
between 30to 42°C. May is the hottest month of the year
having an average temperature of more than 40 °C. The
mean annual rainfall averages 1100 mm, of which 85%
falls during the rainy season (Srivastava et al., 2016).
There are often long breaks in rainy days even during
rainy season. The study site was ploughed (about 20 cm
deep) to homogenize the soil. Experimental setup
contains three replicate blocks of 9x9m within an area of
9x31m. In each block, we prepared two plots of 4x4m
separated by 1m gap. Inside each plot four subplots of
1x1m each separated by 0.5 to 1 m gap from the other
were laid and four seedlings of each species were planted
in this 1x1m subplot. In each plot different treatment
combinations including grass competition [without grass
(GO) or with grass (G1)]; availability of light [full sunlight
(LO) or reduced light (20% of full sunlight) (L1)] and
nutrient [no nutrient addition (NO) or added nutrient
(N1)] were applied. Light was treated on plot level,
whereas grass and nutrient treatments were applied at
sub-plot level. The seedling density in the plots was 16
seedlings m”* which is in conformity with field
observations. All the plots were well-watered on five
daysintervals for 18 months of the experiment (July 2011
—December2012).

LOand L1 treatments were applied to test whether
studied species differed in their response to shade as
under closed canopy (L1) and to conditionsuch asin large
canopy gap (LO). To create reduced light level (L1) shade
net (fine nylon mesh) was placed 2.5 m above earth

surface in such a way that it had no effect over the light
treatment plot where seedlings were planted. The light
availability of the shaded area depicts the dense
canopied forest vegetation.

To test whether seedlings of different species
differed in their growth response to increased soil
nutrients supply and whether this affects the
competitive effect of grasses on tree seedling growth, we
included two nutrient treatments: no added nutrients
(NO) and added nutrients (N1). Sub-plots were
supplemented with NPK based inorganic fertilizer in the
ratio of 3:1:2 in N1 treatment plots. Fertilizer in these N1
plots was applied three times in equal amounts over the
period of experiment at the interval of 6 months
including a basal application. The fertilizer addition to
the experimental plots was at the rate of 4 g N m?,
representing a high dose of nutrient application in dry
tropical forest (Kraaijand Ward, 2006).

To test the effect of grass competition for
resources, we included plots with presence of grass (G1)
and plots without grass (G0). A local grass species
Eragrostis tenella was seeded one month before the
transplantation of tree seedlings in G1 plots to evaluate
competitive effect on tree seedlings for above- and
below-ground resources. At the time of sampling, the
height of the grass ranged between 3035 cm. Manual
weeding was done regularly to control other naturally
germinated grassesin GO and G1 plots.

Seeds of Ziziphus mauritiana, Acacia nilotica ssp.
indica, Acacia catechu and Terminalia arjuna were
collected from the nearby dry tropical forest. Seeds were
surface sterilized for 30 sec by immersing in 0.1% HgCl,,
washed thoroughly with water. Seedlings were raised in
Botanical Garden of Banaras Hindu University (BHU),
Varanasi, India. Seeds of all tree species were sown in
nursery bags filled with soil of the experimental area, one
month before the commencement of experiment. At the
start of the experiment four seedlings (of uniform size) of
each species were randomly transplanted in each block
for each treatment combination under the pre-grown
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grass layer. Thus, a total 12 seedlings of each species
were planted for each treatment.

Soil samples, at the beginning of the study, were
collected from 10 random locations from the
experimental field. Samples were sieved to pass through
a 2-mm mesh screen. Soil organic carbon was
determined by Walkley-Black rapid titration method
(Walkley and Black, 1934), total Kjeldahl-N by macro-
Kjeldahl method and total P by perchloric acid extraction
method (Olsen and Sommers, 1982). Sand, silt and clay
contents of soil samples were determined as described
by Sheldrick and Wang (1993). Soil pH was determined
following Anderson and Ingram (1993). Organic carbon,
total N and total P were 5.91+0.85 mg g”, 0.59+0.08 %
and 0.1740.05 %, respectively. The sand, silt and clay
contents were 23.4+2.33%, 73.2+0.56% and 3.5+0.12%,
respectively. Soil pH was 7.2+0.81.

Measurements

At the time of plantation, we harvested 10
seedlings of each species from the nursery bags. Initial
measurements were recorded on these seedlings for
stem length, root length, girth, number of leaves, leaf
area, dry weight of each leaf and of whole plant as initial
reading for calculating relative growth of tree seedlings.
After the establishment of experiment, stem length (from
soil surface to tip), girth (1 cm above the ground) and
number of leaves were recorded for individual species at
1 month interval for 18 months. Six seedlings per species
from each treatment were harvested after 18 months.
Only six seedlings were considered at the final stage
because in some of the treatment combinations, only
50% survival was recorded. At the end of the experiment,
the number of surviving seedlings per species per
treatment combination was recorded. Seedlings were
partitioned into leaves and stems. Leaf surface area was
measured immediately by a leaf area meter (SYSTRONICS
leaf area meter211, India). All plant parts were
separated and oven dried to constant mass at 70 °C for 48
hours and weighed separately. In addition to these traits
relative growth rate in height (RGR,), stem diameter
(RGR,), dry weight (RGR,,) were also calculated in order to
obtain response of these species in variability of light,
nutrient and presence or absence of grass. Formulae to
analyze relative growth rates are given below.

Log, H; - Log, H,
tz_tl

Log, D, — Log, D,
tz_t1

Log, W, — Log. W,
t,-t,

RGR,=
RGR,=

RGR,=

Where H, and H, represent final and initial height,
D;and D, represent final and initial stem diameter, W.and
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W, represent final and initial total dry weight of individual
plantandt,andt, represent for final and initial time. Data
collected for growth parameters after 18 months are
presented and discussed here.

Statistical analysis

The effect of different treatments on seedling
survival was analyzed by one-way ANOVA. ANOVA was
performed after testing for homogeneity of the whole
dataset. Effects of treatment combinations on growth
parameters were analyzed using multivariate-ANOVA
(MANOVA). Tukey’s Post Hoc test was performed to
observe the differences between means. All statistical
analyses were performed using the SPSS (SPSS Inc.,
Chicago, USA, Ver. 16) statistical package.

Results
Seedling survival and growth parameters

Only data collected at the end of the experiment
(after 18 months of growth) are presented here. Seedling
survival was significantly (at P<0.05 and P<0.01 level)
affected by species, nutrient addition and grass
competition (Table 2). Seedling survival ranged from 50%
to 100% (Fig. 1), and was higher for leguminous species
than non-deguminous species. Maximum seedling
survival was observed for A. nilotica ssp. indica followed
by A. catechu and T. arjuna under all the treatment
combinations.

Table2. Summary of ANOVA for the effects of light availability,
nutrient addition and presence of grass on survival of tree
seedling of four dry tropical tree species. Here, S =
species, L =light condition, N = nutrient addition, G = grass

competition.
Source df F P
S 3 5.96 <0.001
L 1 0.09 0.77
N 1 12.26 <0.001
G 1 19.15 <0.001
SxL 3 0.03 0.99
SxN 3 0.28 0.84
SxG 3 1.16 0.33
Lx N 1 4.17 0.05
LxG 1 8.51 <0.001
N x G 1 0.77 0.38
SxLxN 3 0.14 0.93
SxLxG 3 0.06 0.98
Sx N x G 3 0.14 0.93
LxNxG 1 5.45 0.02
SxLxNxG 3 0.28 0.84
Error 64
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Fig. 1. Survival (%) of tree seedlings of four tree species (Ziziphus mauritiana; Acacia nilotica ssp. indica; Acacia catechu and Terminalia
arjuna) under various combinations of light, nutrients, and grass. LO, full sunlight; L1, reduced light; N1, added nutrient; NO, no
nutrientaddition; G1, grass present; GO, grass absent.

Table3. Summary of MANOVA for growth traits; height (cm), girth (cm), total dry weight (g), leaf area (cm’), number of leaves, relative
growth rate estimated by height (RGR,), stem diameter (RGR,), total dry weight (RGR,,) for seedlings of four dry tropical tree
species with factors: species (S), Light (L), nutrient (N), grass (G) treatment. Degree of freedom (df), F-value for each factor are
given, where * and ** represent significance at P<0.05 and P<0.01 levels.

Treatments/Factors | df | Height | Girth |Tota| dry weight | Leaf area | LeafNumbersl RGRy | RGRp | RGRy

S
L
N
G
SxL
SxN
SxG
LxN
LxG
NxG
SxLxN
SxLxG
Sx N x G
LxNxG
SxLxNxG
Error

3
1
1
1
3
3
3
1
1
1
3
3
3
1
3

160

115.4%*
105.8%*
231.3%*
168.5%*
8.3%*
1 5NS
2.7%
0.02"
2.4
16.0%*
0 8NS
0.7"
0 8NS
5.04%
1 6NS

699.6**
101.0**
813.5%*
209.5%*

8.04%*
3.5%
0 9NS
0 8NS

0.05"
6.0%*

0.22%*
257.0%*
1.3**
378.0%*
51.4%*
48.7%*
26.1%*
26.0%*
49.6%*
174.0%*
6.5%*
13.7%*
15.0%*
0.7"
19.5%*

0.68**
8.1%*
29.9%*
10.1%*
3.4%
1.4"
0.4"
0.0"
0.6"
2.4"
0.03"™
0.4"
01"
0.01"
0.08"

0.4%*
45.7%*
177.1%*
178.7%*
16.5%*
5.5%*
28.6%*
11.9%*
4.9*
25.4%*
1.9"%
03"
1.6
38.3%*
8.4%*

69.6%*
6.8%*
13.7%*
10.0**
0 5NS
0.03"%
O 1NS
0.01"
0.2"
0.7"
0 1NS
0.05
0.04"
0.38"
0 1NS

61.88**
17.9%*
152.5%*
34.7%%
0.2"
2.4
1.6"
0.004"
0.03"
0.5
0.4"
0.071
0 3NS
0.07"
O 8NS

81.14**
24.2%%
167.1%*
44.6%*
2 3NS
2.6%
2.8%*
1 5NS
3.6*
16.7**
1 3NS
0.572"
1 2NS
0.02"
3.7%*

* & ** represent significance at P < 0.05 and P<0.01 level, respectively.
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Seedlings growth parameters

Height, girth, total dry weight, leaf area and
number of leaves were significantly (at P<0.05 and 0.01
level) affected by species, availability of light, nutrient
addition, and grass competition (Table 3). Increased level
of light and nutrients generally had a positive effect on
growth parameters, while competition from grasses
tended to inhibit growth. Two way interactions of species
x light for height, total dry weight, leaf area and number
of leaves; of species x nutrient for girth, total dry weight
and number of leaves; of species x grass for height, girth,
total dry weight and number of leaves; of Light x nutrient
for girth, number of leaves; light x grass for total dry
weight, number of leaves; and of nutrient x grass for
height, girth, total dry weight, and number of leaves
were significant (at P<0.05 and 0.01 level). The values for
height, girth, total dry weight and number of leaves were
higher under LON1GO (Fig. 2). Leaf area was higher under
shaded conditionin all the species (Fig. 3).

Height of 18 month old seedlings ranged from
140.7 cm to 219.3 cm (Fig. 2) across the four species.
Maximum height was attained by Z. mauritiana under
LON1GO and minimum by A. nilotica ssp. indica under
LINOG1. Girth ranged from 3.7 cm to 9.9 cm. Maximum
girth was displayed by T. arjuna under LON1GO and
minimum by A. nilotica ssp. indica under LINOG1. Total
dry weight ranged from 18.6 g to 63.6 g, the maximum
total dry weight was reflected by Z. mauritiana under
LON1GO and minimum by A. catechu under LINOG1. Leaf
area ranged from 2.92 cm’ to 31.11 cm’ (Fig. 3).
Maximum leaf area was displayed by T. arjuna under
LIN1GO and minimum by A. nilotica ssp. indica under
LONOG1. Number of leaves ranged from 85.5 to 357.2.
Maximum leaf number was reflected by Z. mauritiana
under LON1GO and minimum by T. arjuna under LINOG1
(Fig. 3).

Seedling relative growth parameters

Relative growth rate estimated by height (RGR,),
stem diameter (RGR,) and dry weight (RGR,) was
significantly affected by species, light availability,
nutrient addition and grass competition (Table 3). RGR,
ranged from 0.127 cm cm™ month™ to 0.173 cm cm™
month™. Maximum RGR, was displayed by Z. mauritiana
under LON1GO and minimum by A. nilotica ssp. indica
under LINOG1. RGR, ranged from 0.059 cm cm™ month™
t0 0.109 cm cm™ month™. T. arjuna exhibited maximum
RGR, under LON1GO and minimum by A. nilotica ssp.
indica under LINOG1. RGR,, ranged from 0.254 mg mg"
month™to00.302 mg mg” month™ (Fig. 3). Maximum RGR,,

[January

was displayed by Z. mauritiana under LON1GO and
minimum by A. catechu under LINOG1.

Discussion

Effect of light, nutrient addition and grass competition
onseedling survival

All the experimental species are reported to be
light demanding (Troup, 1921) and occur on nutrient
poor soil (Singh et al.,, 1989) with pronounced
seasonality in nutrient release (Raghubanshi et al,
1990). The species component of such nutrient limited
dry tropical ecosystem, varying in life history traits, such
as successional status (e.g. pioneer, non-pioneer),
habitat preferences and nitrogen fixing ability, can be
expected to respond differently to the availability of
nutrient under different levels of light in heterogeneous
forest environment (Tripathi and Raghubanshi, 2013). In
this study, effect of light condition on survival was not
significant; however, grass competition exerted
pronounced negative effect under full sunlight
conditions whereas nutrient addition improved seedling
survival, in general for all the studied species. Though,
survival of the seedlings of most species was not affected
by reduced light, we may have seen different results if we
reduced light levels further. Moreover, these results
revealed the dry tropical species neutrality towards light
conditions for the survival. Our study indicated that
survival of leguminous species (A. catechu and A. nilotica
ssp. indica) is higher than non-leguminous species (Z.
mauriatiana and T. arjuna) in presence of grass (Fig. 1).
This result is in agreement with our expectations
(hypothesis 2) suggesting that competition by grass for
nutrients would induce increased nodulation in
leguminous species that would enable them to survive
better than a nondeguminous species. N, fixing ability of
leguminous species might be an important attribute
allowing them to survive under competition with grasses
(Stougaard, 2000). In accordance with our expectation
under hypothesis 3, we found higher survival for pioneer
species than non-pioneer species with added nutrient.
Moreover, pioneer species showed higher survival than
non-pioneer species even in the presence of grass
competition. Facilitation by neighboring vegetation was
also reported for pioneer species in several experiments
in dry tropics (Hammoned, 1995). Facilitation might be
due to the moderation of adverse environmental
conditions experienced by seedlings. Indeed, both the
fine leaved species are pioneer and can sustain/ survive
in stressed environment (Winkler et al., 2014).

Effect of light, nutrient and grass competition on growth

Marked differences were found in height, girth,
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Fig.4. Effect of different combinations of light availability, nutrient addition and grass competition on relative growth rate estimated by
height (RGR,), stem diameter (RGR,) and total dry weight (RGR,,) of seedlings of four dry tropical tree species (Ziziphus mauritiana;
Acacia nilotica; Acacia catechu and Terminalia arjuna). LO, full sunlight; L1, reduced light; N1, added nutrient; NO, no nutrient

addition; G1, grass present; GO, grass absent.

total dry weight, leaf area and number of leaves of tree
seedlings. In general, height, growth and dry weight were
higher under full sunlight and added nutrient conditions.
The effect of grass competition on seedling growth was
more pronounced under reduced sunlight and no-added
nutrient conditions as compared to full sunlight. We
observed that all the species grew better under full
sunlight with added nutrient (Fig. 2 and 3) as predicted by
our hypothesis 1. Shade reduced shoot growth and
accumulation of dry weight in tree seedlings of dry
tropical tree species, as also reported by Curt et al.
(2005); Madsen (1995); Van Hees and Clerkx (2003) and
Tripathi and Raghubanshi (2013). Grass competition may
be the main driving factor in modulating seedling growth
and development in dry deciduous forest. In our study
we found that seedling growth was negatively affected
by grass competition even in favorable environmental
conditions (full sunlight and nutrient addition) (Fig. 2 and
3). This suggests that tree seedlings in the dry tropical
forest have the same ecological niche as grass and they
are suppressed by the grass layer. Bloor et al. (2008) and
Harmer et al. (2012) found that tree seedlings may be

adversely affected by ground flora competition for
above- and below-ground resources, which can cause
significant reduction in height, girth and total dry weight.
Kambatuku et al. (2011) and Vandenberghe et al. (2008)
suggested that belowground competition for resources
may play animportantrolein seedling establishment and
growth. Further, no effect of light was observed in the
present study on relative growth rate, such as height and
diameter of tree seedlings. Contrary to the neutral effect
of shade on survival, seedlings of all the species were
negatively affected by reduced light in terms of height,
girth and total dry weight. Lower light intensity as found
under closed canopy of tropical forest, may limit
carbohydrate accumulation in seedlings (Zhang et al.,
2013) and slow their growth rates. Contrary to our
expectations under hypothesis 2, nondeguminous
species showed higher growth under shaded conditionin
terms of height, girth, total dry weight, leaf area and
number of leaves than leguminous species under
presence as well as absence of grass (Fig. 2, 3 and 4). Our
resultisin agreement with the study conducted by Smith
and Goodman (1987) who suggested that leguminous
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species are less tolerant to shade than nondeguminous
species.

Conclusion

[January

resource stress conditions. Interestingly, T. arjuna
seedlings exhibited less variation in height under all the
light treatment combinations, supporting the

observation that non—pioneer species are less affected by
light availability under dry tropical environments. A.
nilotica ssp. indica showed weight reduction under
reduced sunlight treatments even under nutrient
supplementation and absence of grass competition.
Overall, results suggest that grass competition has
significant effect over seedling survival under nutrient-
limited conditions. Therefore, for regeneration of dry
tropical forest a combination of plant species with
nutrient supplementation and regular weeding during
the seedling stage will be a wise strategy for enhancing
woody cover of dry tropical forest.

In the present study, seedling growth was found
maximum under nutrient supplemented full sunlight
treatment in absence of grass competition. Species
belonging to different functional groups (namely
legumes, nondegumes, pioneer, non-pioneer species)
responded differently to the changed environmental
conditions. Seedlings of all the studied species
performed better under full sunlight (representing the
gap condition) with nutrient addition. Nondeguminous
tree seedlings showed higher growth as compared to
leguminous tree seedlings. However, the leguminous
species were more tolerant to grassy competition and
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TR SWIh{CHET g YTfaal & urell st gig U WehroT, Uiveh AR a8 wfq Wgh o1 gora
Tge Wi, yam siered, forem fog, wfewe fog, wud, wEsh ok S, fog
HITIT

T ST UIRY Sfed | T Gadl iR HEequl STereen ?1 o1: Uhel YSTiadl shi qiiRferfasht ok dier gfg i genfaa
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ufearfa iR AEad Y & dgd oft, dry STRefadr U 9fg & SW Gee GhRIcHS T9E 71 38 T, uRondt 4 gg off
Turten fof foemm o el % ded frafmd FRE oI W gegRer gee faam stemensti & ded off WY Add e Ik
Soehfeaeia oeafd & Qe | HeTadl Y ehd B |

References

Anderson J.M. and Ingram J.S.I. (1993). Tropical soil biology and fertility - A handbook of methods. Second Edition. United Kingdom, CAB
International.

Barbosa E.R.M., van Langevelde F., Tomlinson K.W., Carvalheiro L.G., Kirkman K., de Bie S. and Prins H.H.T. (2014). Tree Species from Different
Functional Groups Respond Differently to Environmental Changes during Establishment. Oecologia, 174:1345-57.

Bazzaz F.A. and Wayne P.M. (1994). Coping with environmental heterogeneity: the physiological ecology of tree seedling regeneration across
the gap-understory continuum. In: Exploitation of environmental heterogeneity by plants. Ecophysiological processes above and
belowground. Physiological ecology. A series of monographs, Texts and Treatises (Caldwell, M.M., R.W. Pearcy, Eds). New York, NY:
Academic Press. 349-390 pp.



2018] Effects of light, nutrient and grass competition on growth of seedlings of four tropical tree species 63

Bhadouria A., Singh R., Srivastava P. and Raghubanshi A.S. (2016). Understanding the ecology of tree-seedling growth in dry tropical
environment: a management perspective. Energy Ecology and Environment, 1:296-309.

BhadouriaR., Srivastava P., Singh R., TripathiS., Singh H. and Raghubanshi A.S. (2017a). Tree seedling establishment in dry tropics: an urgent
need of interaction studies. Environment Systems and Decisions, 37: 88-100.

BhadouriaR., Singh R., Srivastava P., TripathiS. and Raghubanshi A. S. (2017b). Interactive effect of water and nutrient on survival and growth
of tree seedlings of four dry tropical tree species under grass competition. Tropical Ecology, 58(3) : 611-621.

Bloor J.M., Leadley PW. and Barthes L. (2008). Responses of Fraxinus excelsior seedlings to grass-induced above-and below-ground
competition. Plant Ecology, 194:293-304.

Bond W.J., Smythe K.A. and Balfour D.A. (2001). Acacia species turnover in space and time in an African Savanna, J. Biogeography, 28:117-
128.

Brown J.R. and Archer S. (1999). Shrub invasion of grassland: recruitment is continuous and not regulated by herbaceous biomass and
density. Ecology, 80:2385-2396.

Brown S.and Lugo A. (1990). Tropical secondary forests. J. Tropical Ecology, 6:1-32.

Ceccon E., Omstead I., Vazquez-Yanez C. and Campo-Alves J. (2002). Vegetation and soil properties in two tropical dry forests of differing
regeneration statusin Yucatan. Agrociencia, 36:621-631.

Chapin F.S. (1980). The mineral nutritional on wild plants. Annual Reviews in Ecology Evolution and Systematics, 11, 233-260.

Chapin F.S. (2003). Effect of plant traits on ecosystem and regional processes: A conceptual framework for predicting the consequences of
global changes. Annals of Botany, 91:455-463.

Chaturvedi R.K., Raghubanshi A.S. and Singh J.S. (2011). Effect of Small-Scale Variations in Environmental Factors on the Distribution of
Woody Species in Tropical Deciduous Forests of Vindhyan Highlands, India. J. Botany, 2011:1-10. Article ID 297097. DOI:
http://dx.doi.org/10.1155/2011/297097.

Curt T., Coll L., Prevosto B., Balandier P. and Kunstler G. (2005). Plasticity in growth, biomass allocation and root morphology in beech
seedlings asinduced by irradiance and herbaceous competition. Annals of Forest Science, 62:51-60.

DirzoR., YoungH.S., Mooney H.A. and Ceballos G. (2011). Seasonally dry tropical forests: Ecology and conservation. Island Press. 408 pp.

Gerhardt K. (1993). Tree seedling development in tropical dry abandoned pasture and secondary forest in Costa Rica. J. Vegetation Science,
4:95-102.

Goodale U.M., Berlyn G.P., Ashton M.S., Gregoire T.G., Sinhakumara B.M.P. and Tennakoon K.U. (2012). Disturbance and tropical pioneer
species: patterns of association across life history stages. Forest Ecology and Management, 227:54-66.

Goodale U.M., Berlyn G.P., Gregoire T.G., Tennakoon K.U. and Ashton M.S. (2014). Differences in seedling survival and growth among tropical
rain forest pioneersin relation to canopy openness and herbivory. Biotropica, 46:183-193.

Grubb P.J., Lee W.G., Kollmann J. and Willson J.B. (1996). Interaction of irradiance and soil nutrient supply on growth of seedlings of ten
European tall-shrub species and Fagus sylvatica. J. Ecology, 84:827-840.

Hammond D.S. (1995). Post-dispersal seed and seedling mortality of tropical dry forest trees after shifting agriculture, Chiapas, Mexico. J.
Tropical Ecology, 11:295-313.

Hansen M.C., Stehman S. and Potapov PV. (2011). Quantification of global gross forest cover loss, Proceedings of National Academy of
Sciences (USA), 107:8650-8655.

Harmer R., Kiewitt A. and Morgan G. (2012). Effects of overstory retention on ash regeneration and bramble growth during conversion of a
pine plantation to native broadleaved woodland. European J. Forest Research, 131:1833-1843.

Holdrige L.R. (1967). Life Zone Ecology. Tropical Science Centre San Jose, Costa Rica. 206 pp.

Huante P. and Rincdn E. (1998). Responses to light changes in tropical deciduous woody seedlings with contrasting growth rates. Oecologia,
113:53-66.

Hubbel S.P., Foster R.B., O’Brien S.T., Harms K.E., Condit R., Wechsler B., Wright S.J. and Loo De Lao S. (1999). Light-Gap Disturbances,
Recruitment limitations, and tree diversity in a neotropical forest. Science, 283:554-557.

Jones R.H., Zaharitz R.R., Dixon M.P., Segal D.S. and Schneider R.L. (1994). Woody plant regeneration in four flooded forests. Ecological
Monograph, 64:435-367.

Kalacska M., Sanchez-Azofeifa G.A., Calvo-Alvarado J.C., Quesada M., Rivard B. and Janzen D.H. (2004). Species composition, similarity and
diversity inthree successional stages of a seasonally dry tropical forest. Forest Ecology and Management, 200:227-247.

KambatukuJ.R., Cramer M.D. and Ward, D. (2011). Savanna tree-grass competition is modified by substrate type and herbivory. J. Vegetation
Science, 22:225-237.

Khurana E. and Singh J.S. (2001). Ecology of seed and seedling growth for conservation and restoration of tropical dry forest: a review.
Environmental Conservation, 28:39-52.

Khurana E. and Singh J.S. (2004). Germination and seedling growth of five tree species from tropical dry forest in relation to water stress:
impact of seed size. J. Tropical Ecology, 20:385-396.



64 The Indian Forester [January

Khurana E. and Singh J.S. (2006). Impact of life-history traits on response of seedlings of five tree species of tropical dry forest to shade. J.
Tropical Ecology, 22:653-661.

Kitajima K. and Tilman D. (1994). Seed bank and seedling establishment on an experimental productivity gradient seed bank and seedling on
an experimental establishment productivity gradient. Oikos, 76:381-391.

Kraaij W.J. and Ward D. (2006). Effect of rain, nitrogen, fire, and grazing on tree recruitment and early survival in bush -encroached savanna,
South Africa. Plant Ecology, 186:235-246.

Lawrence D. (2003). The response of tropical tree seedlings to nutrient supply: meta—analysis for understanding a changing tropical
landscape.J. Tropical Ecology, 19:239-250.

Lieberman D. and Liberman M. (1984). The cause and consequences of synchronous flushing in dry tropical forest. Biotropica, 16:193-201.

Madsen P. (1995). Effects of soil water content, fertilization, light, weed competition and seedbed type on natural regeneration of beech
(Fagus sylvatica). Forest Ecology and Management, 72:251-264.

Milberg P., PerezFernandez M.A. and Lamont B.B. (1998). Seedling growth response to added nutrients depends on seed size in three
woody genera. J. Ecology, 86:624-632.

Murphy P.G.and Lugo A.E. (1986). Ecology of tropical forest. Annual Reviews in Ecology Evolution and Systematics, 17:67-88.

O’Connor T.G. (1995). Acacia Karroo invasion of grassland: environmental and biotic effects influencing seedling emergence and
establishment. Oecologia, 103:214-223.

Olsen S.R. and Sommers L.E. (1982). Phosphorus. In: Methods of soil analysis: Part 2. Chemical and microbiological properties. Agronomy
mongraph No. 9, 2nd ed. (Page A.L., Miller R.H., Keeney D.R., Eds.), Madison, WI: American Society of Agronomy and Soil Science
Society of America, 403-430 pp.

RaghubanshiA.S., Srivastava S.C., Singh R.S. and Singh J.S. (1990). Nutrient release in leaf litter. Nature, 346:227.

Rincon E.and Huante P. (1993). Growth responses of tropical deciduous tree seedling to contrasting light conditions. Trees, 7:202-207.

Sagar R., Archita S. and Singh J.S. (2008). Differential effect of woody plant canopies on species composition and diversity of ground
vegetation: a case study. Tropical Ecology, 49:189-197.

Sahu P.K., Sagar R. and Singh J.S. (2008). Tropical forest structure and diversity in relation to altitude and disturbance in a Biosphere reserve in
central India. Applied Vegetation Science, 11:461-470.

Sanchez-Azofeifa G.A., Quesada M., Rodriguez J.P., Nassar J.M., Stoner K.E., Castillo A., Garvin T., Zent E.L., Calvo-Alvarado J.C., Kalacska M.,
FajardoL., GamonJ.A. and Cuevas-Reyes P. (2005). Research Priorities for Neotropical Dry Forests. Biotropica, 37:477-485.

Sheldrick B.H. and Wang C. (1993). Particle size distribution. In: Soil sampling and methods of analysis (Carter M.R. Eds.). Boca Raton, FL:
Canadian Society of Soil Science/Lewis Publishers, pp. 499-511

Singh A. (2006). Growth and leaf nutrient status of companion species as influenced by neighboring species in mixed plantations raised on
mine spoil. Tropical Ecology, 47:259-269.

Singh J.S., Raghubanshi A.S., Singh R.S. and Srivastava S.C. (1989). Microbial biomass acts as a source of plant nutrients in dry tropical forests
and savanna. Nature, 238:449-500.

SinghJ.S.and Singh V.K. (1992). Phenology of seasonally dry tropical forest. Current Science, 63:684—689.

Singh K.P. and Singh J.S. (1988). Certain structural and functional aspects of dry tropical forests and savanna. Inter. J.Ecology and
Environmental Sciences, 14:31-45.

Smith T.M. and Goodman P.S. (1987). Successional dynamics in an Acacia nilotica—Eucleadivinorum savannah in southern Africa. J. Ecology,
75:603-610.

Srivastava P., Singh P.K., Singh R., Bhadouria R., Singh D.K., Singh S., Afreen T., Tripathi S.N., Singh P., Singh H. and Raghubanshi A.S. (2016).
Relative availability of inorganic N-pools shifts under land use change: an unexplored variable in soil carbon dynamics. Ecological
Indicators, 64:228-236.

Stougaard J. (2000). Regulators and regulation of legume root nodule development. Plant Physiology, 124:531-540.

TripathiS.N. and Raghubanshi A.S. (2013). Seedling growth of five tropical dry forest tree species in relation to light and nitrogen gradients. J.
Plant Ecology, 7:250-263.

Tripathi S., Bhadauria R., Srivastava P, Singh R. and Raghubanshi A.S. (2017). Abiotic determinants of tree seedling growth in tropical dry
forests. Advancesin Plant Physiology,17:119-131.

Troup R.S. (1921). Thessilviculture of Indian trees, Vols. 1-3. Oxford, UK: Clarendon Press.

van der Waal C., Kroon H.de., Boer W.F.de., Heitkonig I.M.A., Skidmore A.K., Knegt H.J.de., van Langevelde F., van Wieren S.E., Grant R.C.,

Page B.R., Slotow R., Kohi E.M., Mwakiwa E. and Prins H.H.T. (2009). Water and nutrients alter herbaceous competitive effects on
tree seedlingsin asemi-arid savanna. J. Ecology, 97:430-439.

Van Hees A.F.M. and Clerkx A.P.P.M. (2003). Shading and root-shoot relations in saplings of silver birch, pedunculate oak and beech. Forest
Ecology and Management, 176:439-448.

Vandenberghe C., Freléchoux F. and Buttler A. (2008). The influence of competition from herbaceous vegetation and shade on simulated
browsing tolerance of coniferous and deciduous saplings. Oikos, 117:415-423.



2018] Effects of light, nutrient and grass competition on growth of seedlings of four tropical tree species 65

Walkley A. and Black I.A. (1934). An examination of the Degtjareff method for determining soil organic matter, and a proposed modification
of the chromicacid titration method. Soil Science, 37:9—-38.

Walter M.B. and Reich P.B. (2000). Seed-size, nitrogen supply and growth rate affect tree seedling survival in deep shade. Ecology, 81:1887-
1901.

Walters M.B. and Reich P.B. (1996). Are shade tolerance survival and growth linked? Low light and nitrogen effects on hardwood seedlings.
Ecology, 77:841-853.

Winkler N., Weymann W., Auge H., Klotz S., Finkenbein P. and Heilmeier H. (2014). Drought resistance of native pioneer species indicates
potential suitability for restoration of post-mining areas. Web Ecology, 14:65-74.

Zhang M., Zhu J., Li M., Zhang G. and Yan Q. (2013). Different light acclimation strategies of two coexisting tree species seedlings in a
temperate secondary forest along five natural light levels. Forest Ecology and Management, 306:234-242.

Zhou Y., TangJ., Melillo J.M., Butler S. and Mohan J.E. (2011). Root standing crop and chemistry after six years of soil warming in a temperate
forest, Tree Physiology,131:707-717.






