
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 endemic and 
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 Rincón, 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 2

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).
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of the dry tropical vegetation by reducing seedling mortality even under dense canopy conditions. 
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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 et al., 2016). Grubb 
et al. (1996) suggested that growth rates were low under 
low-light 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-leguminous species (Singh, 2006), we expected the 

former species to perform better than non-leguminous 

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 

nutrient amendment 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 non-leguminous 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. 
All the studied species are light demanding. All the above 
species naturally occur in dry forests of India and also 
have economic value (Troup, 1921). 
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Experimental setup and growth conditions

Experiments were conducted in the Experimental 
plot of Botanical Garden, Banaras Hindu University 

0 0(BHU), Varanasi (25 18' N, 83 03' E, 129 m asl) during 
2011-2012. The climate of the study area is tropical 
monsoonal. Mean monthly temperatures during the 

0 0experimental 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 

 obetween 30 to 42 C. May is the hottest month of the year 
 ohaving 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 9×9m within an area of 
9×31m. In each block, we prepared two plots of 4×4m 
separated by 1m gap. Inside each plot four subplots of 
1×1m each separated by 0.5 to 1 m gap from the other 
were laid and four seedlings of each species were planted 
in this 1×1m subplot. In each plot different treatment 
combinations including grass competition [without grass 
(G0) or with grass (G1)]; availability of light [full sunlight 
(L0) or reduced light (20% of full sunlight) (L1)] and 
nutrient [no nutrient addition (N0) 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 

2seedlings m  which is in conformity with field 
observations. All the plots were well-watered on five 
days intervals for 18 months of the experiment (July 2011 
– December 2012).

L0 and L1 treatments were applied to test whether 
studied species differed in their response to shade as 
under closed canopy (L1) and to condition such as in large 
canopy gap (L0). 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 
(N0) 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 

-2the experimental plots was at the rate of 4 g N m , 
representing a high dose of nutrient application in dry 
tropical forest (Kraaij and 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 30-35 cm. Manual 
weeding was done regularly to control other naturally 
germinated grasses in G0 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 , 2

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 

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-legume Legume Legume Non-legume 

Soil Sandy/alluvium Alluvium/black Cotton sandy Alluvial loam 

IVI* 0.42-31.0 0.39-6.0 0.6-17.6 0.42-4.43 

Table 1. Characteristics of the selected species based on Troup (1921).

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

-1total N and total P were 5.91±0.85 mg g , 0.59±0.08 % 
and 0.17±0.05 %, 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 meter-211, 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 H

(RGR ), dry weight (RGR ) were also calculated in order to D W

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.

Where H  and H  represent final and initial height, f i

D  and D  represent final and initial stem diameter, W and f i f 

W  represent final and initial total dry weight of individual i

plant and t  and t  represent for final and initial time. Data 2 1

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-leguminous species. Maximum seedling 

survival was observed for A. nilotica ssp. indica followed 

by A. catechu and T. arjuna under all the treatment 

combinations. 

RGR =H

Log  H  – Log  He f e i

t  – t2 1

RGR =D

Log  D  – Log  De f e i

t  – t2 1

RGR =W

Log  W  – Log  We f e i

t  – t2 1

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

S × L  3  0.03  0.99

S  × N  3  0.28  0.84

S × G  3  1.16  0.33

L × N  1  4.17  0.05

L × G  1  8.51  <0.001

N × G  1  0.77  0.38

S × L× N  3  0.14  0.93

S × L  × G  3  0.06  0.98

S× N  ×  G  3  0.14  0.93

L × N × G  1  5.45  0.02

S  × L × N  × G  3  0.28  0.84

Error 64

Table 2. 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.
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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. L0, full sunlight; L1, reduced light; N1, added nutrient; N0, no 
nutrient addition; G1, grass present; G0, grass absent.

2Table 3. 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 H D W

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.
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Treatments/  Factors

  

df

 

Height

 

Girth

 

Total dry weight

 

Leaf area

 

Leaf Numbers

 

RGRH

 

RGRD

 

RGRW

 
S

 

3

 

115.4**

 

699.6**

 

0.22**

 

0.68**

 

0.4**

 

69.6**

 

61.88**

 

81.14**

 
L

 

1

 

105.8**

 

101.0**

 

257.0**

 

8.1**

 

45.7**

 

6.8**

 

17.9**

 

24.2**

 
N

 

1

 

231.3**

 

813.5**

 

1.3**

 

29.9**

 

177.1**

 

13.7**

 

152.5**

 

167.1**

 
G

 

1

 

168.5**

 

209.5**

 

378.0**

 

10.1**

 

178.7**

 

10.0**

 

34.7**

 

44.6**

 
S × L

 

3

 

8.3**

 

1.6NS

 

51.4**

 

3.4*

 

16.5**

 

0.5NS

 

0.2NS

 

2.3NS

 S × N

 

3

 

1.5NS

 

4.2**

 

48.7**

 

1.4NS

 

5.5**

 

0.03NS

 

2.4NS

 

2.6*

 S × G

 

3

 

2.7*

 

16.7**

 

26.1**

 

0.4NS

 

28.6**

 

0.1NS

 

1.6NS

 

2.8**

 L × N

 

1

 

0.02NS

 

3.7*

 

26.0**

 

0.0NS

 

11.9**

 

0.01NS

 

0.004NS

 

1.5NS

 
L × G

 

1
 

2.4NS

 

0.7NS

 

49.6**
 

0.6NS

 

4.9*
 

0.2NS

 

0.03NS

 

3.6*
 N × G

 
1

 
16.0**

 
8.04**

 
174.0**

 
2.4NS

 
25.4**

 
0.7NS

 
0.5NS

 
16.7**

 S
 

× L
 

× N
 

3
 

0.8NS

 
3.5*

 
6.5**

 
0.03NS

 
1.9NS

 
0.1NS

 
0.4NS

 
1.3NS

 
S × L

 
× G

 
3

 
0.7NS

 
0.9NS

 13.7**
 

0.4NS
 0.3NS

 0.05
 

0.071
 

0.572NS

 
S× N

 
×

 
G

 
3

 
0.8NS

 0.8NS
 15.0**

 
0.1NS

 1.6NS

 
0.04NS

 
0.3NS

 
1.2NS

 

L × N × G  1  5.04*  0.05NS

 0.7NS

 0.01NS

 38.3** 0.38NS

 0.07NS
 0.02NS

 

S  × L × N  ×  G  3  1.6NS  6.0**  19.5** 0.08NS
 8.4** 0.1NS 0.8NS 3.7** 

Error

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

 160          



Acacia nilotica ssp. indica

 

H
e

ig
h

t 
(c

m
)

0

50

100

150

200

250

L0N0G0 

L0N0G1 

L0N1G0 

L0N1G1 

L1N0G0 

L1N0G1 

L1N1G0 

L1N1G1 

G
ir

th
 (

c
m

)

0

2

4

6

8

10

12

Ziziphus mauritiana

A
b

o
v

e
 g

ro
u

n
d

 d
ry

 w
e

ig
h

t 
(g

)

0

10

20

30

40

50

60

70

Terminalia arjuna Acacia catechu

Fig. 2. Effect of different combinations of light availability, nutrients addition and grass competition on height (cm), girth (cm), and total dry 
weight (gm) of 18 months old tree seedlings of four dry tropical species (Ziziphus mauritiana; Acacia nilotica ssp. indica; Acacia 
catechu and Terminalia arjuna). L0, full sunlight; L1, reduced light; N1, added nutrient; N0, no nutrientaddition; G1, grass present; 
G0, grass absent.
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2Fig. 3. Effect of different combinations of light availability, nutrients addition and grass competition on leaf area (cm ) and number of leaves of 
18 months old tree seedlings of four dry tropical species (Ziziphus mauritiana; Acacia nilotica ssp. indica; Acacia catechu and Terminalia 
arjuna); L0, full sunlight; L1, reduced light; N1, added nutrient; N0, no nutrient addition; G1, grass present; G0, grass absent.
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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 

× light for height, total dry weight, leaf area and number 

of leaves; of species × nutrient for girth, total dry weight 

and number of leaves; of species × grass for height, girth, 

total dry weight and number of leaves; of Light × nutrient 

for girth, number of leaves; light × grass for total dry 

weight, number of leaves; and of nutrient × 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 L0N1G0 (Fig. 2). Leaf area was higher under 

shaded condition in 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 

L0N1G0 and minimum by A. nilotica ssp. indica under 

L1N0G1. Girth ranged from 3.7 cm to 9.9 cm. Maximum 

girth was displayed by T. arjuna under L0N1G0 and 

minimum by A. nilotica ssp. indica under L1N0G1. Total 

dry weight ranged from 18.6 g to 63.6 g, the maximum 

total dry weight was reflected by Z. mauritiana under 

L0N1G0 and minimum by A. catechu under L1N0G1. Leaf 
2 2area ranged from 2.92 cm  to 31.11 cm  (Fig. 3). 

Maximum leaf area was displayed by T. arjuna under 

L1N1G0 and minimum by A. nilotica ssp. indica under 

L0N0G1. Number of leaves ranged from 85.5 to 357.2. 

Maximum leaf number was reflected by Z. mauritiana 

under L0N1G0 and minimum by T. arjuna under L1N0G1 

(Fig. 3). 

Seedling relative growth parameters

Relative growth rate estimated by height (RGR ), H

stem diameter (RGR ) and dry weight (RGR ) was D W

significantly affected by species, light availability, 

nutrient addition and grass competition (Table 3). RGRH 

-1 -1 -1ranged from 0.127 cm cm  month to 0.173 cm cm  
-1month .  Maximum RGR  was displayed by Z. mauritiana H

under L0N1G0 and minimum by A. nilotica ssp. indica 
-1 -1 under L1N0G1. RGR  ranged from 0.059 cm cm  monthD

-1 -1to 0.109 cm cm  month . T. arjuna exhibited maximum 

RGR under L0N1G0 and minimum by A. nilotica ssp. D 

-1indica under L1N0G1. RGR  ranged from 0.254 mg mg  W

-1 -1 -1month  to 0.302 mg mg  month  (Fig. 3). Maximum RGR  W

was displayed by Z. mauritiana under L0N1G0 and 

minimum by A. catechu under L1N0G1. 

Discussion

Effect of light, nutrient addition and grass competition 
on seedling 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 non-leguminous species. N  fixing ability of 2

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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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 an important role in 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, non-leguminous 
species showed higher growth under shaded condition in 
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 
result is in 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 non-leguminous 
species. 

Conclusion

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, non-legumes, 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. Non-leguminous 
tree seedlings showed higher growth as compared to 
leguminous tree seedlings. However, the leguminous 
species were more tolerant to grassy competition and 

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. 
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pkj m".kdfVca/h; o`{k iztkfr;ksa ds ikS/ksa dh o`f¼ ij izdk'k] iks"kd vkSj ?kkl izfr Li¼kZ dk izHkko

jkgqy HknkSfj;k] izrki JhokLro] f'koe flag] Íf"kds'k flag] ,-,l- j?kqoa'kh vkSj ts-,l- flag

lkjka'k 

 ikS/ voLFkk ikni thou esa ,d laosnh vkSj egRoiw.kZ voLFkk gSA vr% ,dy iztkfr;ksa dh ikfjfLFkfrdh vkSj ikS/ o`f¼ dks izHkkfor 

djus okys i;kZoj.kh; vfHky{k.kksa dh iwjh rjg ls le> gksuk vko';d gSA lalk/u tSls&ty] iks"kd vkSj izdk'k lcls egRoiw.kZ lhfer dkjd gSa] 

tks ikS/ mÙkjthfork vkSj LFkkiuk dks izHkkfor djrs gSaA rFkkfi] bu i;kZoj.kh; dkjdksa ds izHkko dks m".kdfVca/h; 'kq"d ouksa esa ?kkl izfrLi¼kZ }kjk 

la'kksf/r fd;k x;k gSA bl vè;;u esa geus pkj vke 'kq"d m".kdfVca/h; ikni iztkfr;ksa] ;Fkk&,sdsf'k;k dSVspw] ,sdsf'k;k fuyksfVdk mi iztkfr 

bafMdk] ftftiQl ekf'kZ;kuk vkSj VfeZusfy;k vtqZuk] dh ikS/ksa dh o`f¼ ij ?kkl ds lkFk vkSj ?kkl ds fcuk izdk'k vkSj iks"kd ds izHkko dh tkap dh 

gSA fofHkUu mipkj la;kstuksa ds rgr izR;sd iztkfr ds fy, Å¡pkbZ] ?ksjk] dqy 'kq"d Hkkj] iÙkh {ks=k vkSj ifÙk;ksa dh la[;k] Å¡pkbZ] O;kl ,oa 'kq"d 

Hkkj ds lanHkZ esa lkis{k o`f¼ nj dks lfgr o`f¼ iSjkehVjksa dks vfHkfyf[kr fd;k x;kA vè;;u fd, x, mipkj la;kstuksa ds rgr lHkh iztkfr;ksa us 

vyx&vyx O;ogkj fd;kA izdk'k dh mifLFkfr esa iks"kd feykus ls ikS/s T;knk vuqfØ;k'khy FksA ?kkl dh mifLFkfr dk o`{k ikS/ksa dh o`f¼ nj ij 

lexz udkjkRed izHkko FkkA ,sdsf'k;k fuyksfVdk mi iztkfr bafMdk ds fy, mÙkjthfork mPpre ikbZ xbZ vkSj ftftiQl ekf'kZ;kuk ds fy, U;wure 

tcfd lexz o`f¼ ds fy, izfrdwy :>ku ns[kk x;kA geus ifj.kkeksa ls fu"d"kZ fudkyk fd iks"kdksa ds lEiwj.k dk] ;gk¡ rd fd ?kkl izfrLi¼kZ dh 

mifLFkfr vkSj y?kqd`r izdk'k ds rgr Hkh] ikS/ mÙkjthfork ,oa o`f¼ ds Åij l'kDr ldkjkRed izHkko gSA blds vykok] ifj.kkeksa us ;g Hkh 

n'kkZ;k fd fo|eku ou ouLifr ds rgr fu;fer fujkbZ vkSj iks"kd lEiwj.k l?ku forku voLFkkvksa ds rgr Hkh ikS/ eR;Zrk ?kVkdj 'kq"d 

m".kdfVca/h; ouLifr ds iqutZuu esa lgk;rk dj ldrs gSaA 
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