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Abstract Herb layer contributes substantially to the

species diversity of forests and responds relatively quickly

to changes in the environment. The objectives of the

present study were to understand the relationships among

tree canopy cover, soil moisture, light intensity, herbaceous

diversity and biomass in a dry tropical forest of India. For

this, 20 locations equally distributed in four sites were

selected. Four quadrats, each 1 9 1 m in size, were ran-

domly placed for sampling at each location. For each

quadrat, tree canopy cover, incident light, soil moisture,

herbaceous diversity, and biomass were determined.

Results indicated that the selected locations differed in

terms of tree canopy cover, soil moisture, light intensity,

herbaceous diversity, and biomass. Principal component

analysis (PCA), using importance value indices of the

component species yielded four groups corresponding to

the four communities. PCA axes were related to the tree

canopy cover, light intensity, and soil moisture and sug-

gested that these variables had a profound effect on the

organization and determination of herbaceous floristic

composition and diversity. Positive relationships of tree

canopy cover with soil moisture, herbaceous diversity and

biomass, and those of soil moisture with herbaceous

diversity and biomass suggested that the tree canopies

facilitated the herbaceous communities by modifying

environmental conditions that ultimately improved the

diversity and production. Further, the study showed a linear

relationship of herbaceous diversity with biomass, indi-

cating the importance of species diversity for generating

primary production in forest herbs.
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1 Introduction

Light, nitrogen, and moisture are important limiting factors

for the understorey herbaceous vegetation in close-cano-

pied forests (Coomes and Grubb 2000; Gilliam and Roberts

2003; Neufeld and Young 2003). Coomes and Grubb

(2000) reviewed literature to conclude that light alone

limits plant growth under high moisture/nutrient condi-

tions, while Anderson (2003) showed that N uptake by a

variety of herb species increased with N supply, but did so

to a greater degree in unshaded than shaded conditions.

Creation of openings in the forest canopy due to the death

of overstorey trees, i.e., canopy gaps (Bushing and Brokaw

2002), is fundamental to the regeneration ecology of tem-

perate and tropical forests (Bushing and Brokaw 2002; Abe

et al. 1995; Denslow et al. 1998; Schnitzer and Carson

2001). These gaps in temperate forests are generally small

due to rapid extension of lateral branches of the neigh-

boring canopy trees (Abe et al. 1995; Denslow et al. 1998;

Schnitzer and Carson 2001; Runkle 1982). Nevertheless,

across a broad gradient of dense to open canopy, light

intensity generally increases, and understorey cover

increases with it (Anderson et al. 1969). The strength of

canopy gaps influences the plant nutrient demand, litter

inputs, nutrient availability, soil moisture, light availability

(Denslow et al. 1998) and thus, overall resource avail-

ability (Bushing and Brokaw 2002). The greater resource

availability in tropical forests offers greater opportunities

for niche partitioning than in the temperate forest gaps

because of steeper sun angles and lower soil fertility in the

tropics (Ricklefs 1977). These conditions support a larger
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amount of diversity in tropical than temperate forests

(Bushing and Brokaw 2002; Abe et al. 1995; Denslow et al.

1998; Schnitzer and Carson 2001; Ricklefs 1977).

Forest canopies either promote ground vegetation by a

mechanism of facilitation or reduce it by competition

(Scholes and Archer 1997). Further, they provide shelter

for wild flora and fauna (Breshears 2006), influence soil

properties and microclimate (Archer 1995) by promoting

nutrients, organic matter (Escudero et al. 1985), mineral-

izable-N, microbial biomass (Weltzin and Coughenour

1990), relative humidity, water-holding capacity, macro

porosity and infiltration (Joffre and Rambal 1993), reduce

soil temperature, evaporation and wind speed (Ovalle et al.

2006), protect against soil erosion (Gillet et al. 1999),

affect herbaceous phenology, production, community

composition and species diversity (Gillet et al. 1999; Tre-

ydte et al. 2008; Sanchez-Jardon et al. 2010). Herbaceous

layer in the forests determines the spatio-temporal distri-

bution and dynamics of woody seedlings through regen-

eration (Maguire and Forman 1983) and regulates the

recruitment of woody plants directly through competition

for nutrients, light, and water and indirectly through the

addition of macro and micro fuels that sway the intensity

and frequency of fire (San Jose and Farinas 1991). Further,

understorey grasses also influence nutrient cycling, primary

production and energy flow in the forest ecosystems (Das

et al. 2008), provide forage for domestic and wild animals,

exhibit attraction for many butterflies due to high richness

of nectar-bearing flowers (van Swaay 2002) and provide

shelter for microbial communities (Singh et al. 2006).

Grasses are beneficial in binding soil particles with the help

of fibrous root systems, thereby substantially reducing soil

erosion and water loss and finally maintaining the soil

structure (Sagar et al. 2008a). Thus, the strength of cou-

pling between these strata promotes the structural organi-

zation and number of niches (ecosystem complexity) and

finally makes the system stable.

Since stability and vulnerability of ecosystems depend

on species diversity that is defined by the spatio-temporal

alteration in species composition and their distribution

(Gillet et al. 1999), and since tree canopies play a critical

role in the spatio-temporal build up of herbaceous species

diversity and production (Scholes and Archer 1997; Sanchez-

Jardon et al. 2010), understanding the composition, distri-

bution, and diversity of herbaceous vegetation is basic to

the understanding of dynamics of the forest ecosystem.

Light is generally considered the primary limiting factor

for understorey species of closed-canopied forests (Coomes

and Grubb 2000 and Neufeld and Young 2003), however,

light in the dry tropical forests with broken and sparse

canopy cover is seldom limiting. Little or no information is

available on the effects of tree canopy on the diversity and

productivity of herbaceous communities of dry deciduous

forests; however, Sagar et al. (2008a) have reported on the

differential effects of planted woody canopies on the spe-

cies composition and diversity of ground vegetation in the

middle Gangetic plains of India.

The objectives of the present study were to analyze the

effects of the forest canopy on the composition, diversity,

and biomass of the herbaceous layer of the dry tropical

forest. Specifically, we addressed the following questions:

(1) How does the canopy cover of the dry forest affect the

understorey herbaceous diversity and biomass? (2) Do the

diversity and biomass of the herbaceous layer respond

linearly to the gradient of canopy cover? And finally, (3)

Does the diversity of the herbaceous layer influence its

biomass accumulation?

2 Materials and methods

2.1 Study area

The study was conducted on four sites (24�1801000N–

24�2304600N, 83�401100E–83�2404400E); viz: Hathinala,

Ranitali, Neruiyadamar, and Gaighat in the Vindhyan dry

tropical forest region of India (Sonebhadra district), in

February of 2010. The elevation above the mean sea level

ranges between 313 and 483 m. The sites were selected on

the basis of satellite images and field observations to rep-

resent the entire range of canopy cover conditions. The

area is known as ‘‘Sonaghati’’ (golden valley due to the

richness of its natural resources). Physiographically, the

area is characterized by hillocks, escarpments, east–west

trending, gorge-like valleys, flat basins, and flat-topped

ridges (Sagar et al. 2003a). Hathinala and Neruiyadamar

sites are located in the Renukoot Forest Division and the

Ranitali and Gaighat sites in Obra Forest Division.

The area experiences a tropical monsoon climate with

three seasons in a year; viz: summer (April to mid June),

rainy (mid June to September), and winter (November to

February). The months of March and October represent

transition periods, respectively, between winter and sum-

mer, and between rainy and winter seasons. The long-term

annual rainfall varies between 850 and 1,300 mm, of which

about 86 % is received from the south-west monsoon

during June–August. There is an extended dry period of 9

months in the annual cycle (see Sagar and Singh 2004).

Parental rocks are present in between 7.25 and 38.70 cm

below the ground surface and are composed of heamatic

slates or schists together with banded jaspers and quartzite,

hornblende, and limestone. The rock system belongs to the

transition system of Bijwar group of rock formation. The

soils are Ultisols, sandy loams in texture and reddish to

dark gray in color, and are extremely poor in nutrients

(Singh et al. 1989).
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Generally, all parts of the Central Highlands of India are

undergoing rapid changes in vegetation; through mining,

thermal power generation, and the cement industry, and are

bearing a large amount of anthropogenic pressure. The

biotic pressure is mainly from human and livestock popu-

lations. The human population of Sonebhadra district

increased from 683,249 in 1981 to 930,953 in 1991, and the

cattle population increased from 132,904 in 1988 to

276,586 in 1997 (Sagar and Singh 2004). The increase in

human and livestock populations together with local

destruction has exerted tremendous pressure on these for-

ests. The labor population involved in quarrying alone was

estimated to use 417 t of fuel wood per month (Singh et al.

1991). Besides illegal tree felling, widespread lopping and

extraction of non-timber resources are occurring. A grazing

pressure of 0.43 ha per cattle has been estimated (Upad-

hyay and Srivastava 1980), however the pressure is uneven.

The extensive removal of trees for timber, fuel, fodder, and

lumber have fragmented the forest canopies and produced

degraded savanna and grassland-like ecosystems, which

are marginal for crop growth (Champion and Seth 1968).

The potential tree vegetation of the region is dry tropical

deciduous forest. Shorea robusta, Terminalia tomentosa,

Hardwickia binata, Boswellia serrata, Buchanania lanzan,

Acacia catechu, Diospyros melanoxylon, Lannea coro-

mandelica, etc., are the important tree species. These spe-

cies exhibited local dominance (Sagar and Singh 2005).

2.2 Sampling

At each of the four sites, five locations were randomly

selected to measure the forest canopy cover. The canopy

cover was estimated by charting method (Gill et al. 2000)

and values were converted to percent. Four quadrats, each

1 9 1 m in size, were randomly placed for sampling. Thus

a total of eighty 1 9 1 m quadrats (4 sites 9 5 locations 9 4

quadrats) were sampled. From each quadrat, total herba-

ceous vegetation was clipped and number of individuals

was recorded by species. The herbage cover of each species

in each quadrat was measured by gridding the quadrats into

10 9 10 cm cells and transferring the cover outlines to

graph paper (Sagar et al. 2008a).

Incident light (as % of full sunlight), 10 cm above the

ground in each quadrat, was determined by using a Lux

meter between 11 and 12 h on a cloud-free day. An 80–100

% sunlight level corresponded to 1,600–1,720 mol m-2 s-1

as measured by LCA-2 portable infrared carbon dioxide

analyzer having PAR sensors (filtered selenium photocells)

(ADC Scinokem International UK).

Three soil samples (0–10 cm depth) were collected from

each quadrat using a 5-cm-diameter corer and these sam-

ples were pooled to represent one sample per quadrat. All

fine roots were removed from the pooled soil sample

carefully. One part of each pooled sample was weighed and

oven-dried at 105 �C to determine the gravimetric moisture

content.

2.3 Data analysis

The importance value index (IVI) of each species for each

location was calculated by summing the relative frequency,

relative density, and relative cover of the component spe-

cies. The species having the highest IVI was identified as

the dominant one, and that having the second-highest IVI

was defined as the co-dominant species. a-diversity using

the Shannon–Wiener index (H0). Species evenness (E) for

each location and b-diversity for each site was calculated

using the following formulae:

H0 ¼ �
Xs

i¼1

pi ln pi ðShannon and Weaver 1949Þ

E ¼ S

ln Ni� ln Ns
ðWhittaker 1972Þ

b ¼ Sc
�S
ðWhittaker 1972Þ:

In the above equations, pi = proportion of importance

value belonging to species ‘i’, S = number of species, Ni =

IVI of the most important species, Ns = IVI of the least

important species, Sc = total number of species, �S =

average number of species per sample. Furthermore, the

diversity of different sites was compared using a K-domi-

nance plot, in which the percentage cumulative importance

value is plotted against the log species rank (Platt et al.

1984).

The sampled locations were ordinated by principal

component analysis (PCA) option in PC ORD software

(McCune and Mefford 1999) using IVI of the component

species. Pearson correlation coefficients were calculated to

compare explanatory variables (canopy cover, light inten-

sity, and soil moisture) and response variables (PCA axes

scores, species diversity, and biomass), using SPSS statis-

tical software package (SPSS 1997).

Analysis of variance (ANOVA) procedure of SPSS

software package (1997) was used to see the effect of sites

on the number of species, Shannon–Wiener index and

biomass using five locations on each site as replicates. A

Tukey’s HSD test was used to determine the significance of

differences for mean number of species, diversity indices,

and biomass among the sites.

3 Results

Percent tree canopy, light intensity, and soil moisture at the

four sites are presented in Table 1. Tree canopy cover and
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soil moisture were highest at the Hathinala site and lowest

at the Ranitali site. The ground flora of Ranitali site

received the greatest light intensity followed by Neur-

aiyadamar, Gaighat, and Hathinala sites (Table 1).

ANOVA (analysis of variance) revealed that the percent-

age tree canopy (F3,16 = 4.50, p = 0.02), soil moisture

(F3,16 = 4.96, p = 0.01) and light intensity (F3,16 = 18.79,

p = 0.00) varied significantly due to site.

A total of 28 species was recorded from the four sites

covering 80-m2 areas. The total number of species per site

varied from six (Neraiyadamar) to 11 (Hathinala). Simi-

larly, the number of unique species per site also differed

from three to seven. The values were highest for the Ha-

thinala and lowest for the Neraiyadamar site (Table 2).

On the basis of IVI, the four sites differed in the com-

bination of dominant and co-dominant species (Table 2).

The Hathinala site represented Cyperus–Heteropogon

community, Ranitali site; Atylosia–Hyptis community,

Neruiyadamar site; Ludwigia–Desmodium community, and

Gaighat site; Desmostachya–Convolvus community (Table

2). The PCA ordination of 20 locations on the basis of IVI

of component species is presented in Fig. 1. The PCA axis-

1 accounted for 38 % variation in species composition,

while PCA axis-2 accounted for 23 % variation. The PCA

axis-1 scores were related with tree canopy cover (r =

-0.63, p = 0.00), soil moisture (r = -0.58, p = 0.01),

light intensity (r = -0.49, p = 0.03), and the PCA axis-2

represented only the gradient of light intensity (r = -0.86,

p = 0.00).

The average number of herbaceous species, evenness,

Shannon–Wiener index, b-diversity and biomass per site/

community varied from four to six, 2.01 to 3.29, 1.12 to

1.51, 1.20 to 2.40, and 9.21 to 34.97, respectively (Table

3). ANOVA indicated that number of species (F3,16 = 3.51,

p = 0.04), Shannon–Wiener index (F3,16 = 3.47, p = 0.04),

and biomass (F2,16 = 24.61, p = 0.00) varied significantly

due to site. The species evenness did not vary due to

site, but it was positively and significantly related to

soil moisture (r = 0.60, p = 0.01). Figure 2 shows the

K-dominance of species rank plot. The bottom curve

(Hathinala, Cyperus–Heteropogon community) represented

the highest diversity, while the uppermost curve (Ner-

uiyadamar, Ludwigia–Desmodium community) represented

the lowest diversity.

The forest canopy cover and soil moisture were posi-

tively and linearly coupled with each other, and these

variables were also related to species richness, Shannon

index, and biomass of the ground flora (Fig. 3). Further, the

relationships of herbaceous biomass with a-diversity and

its component, species richness, exhibited significantly fit

with linear and non-linear models used in the analysis; but

the linear model exhibited a better fit to the data compared

to non-linear models (Table 4).

4 Discussion

Phytosociological analysis of the herbaceous vegetation

indicated that the dry forest can harbor a variety of her-

baceous communities in response to the changes in canopy

cover and the related availabilities of light and moisture. In

our study, the four sites represented different communities

with different species combinations of dominants and co-

dominants. Evidently, each site represented a unique

combination of environmental factors including canopy

cover, light intensity, soil moisture, and other growth

conditions. PCA ordination based on the IVI values of

component species also yielded four distinct groups. Sig-

nificant relationships among PCA axis-1, canopy cover,

light intensity and soil moisture, and between PCA axis-2

and light intensity indicated that soil moisture and light

intensity played a significant role in the determination of

ground vegetation. Canopy cover evidently facilitated rel-

atively high soil moisture condition and moderated the

heating effect of the light intensity. Thus, the study sug-

gests that the forest canopy profoundly determines the

constitution and distribution of herbaceous communities in

the Vindhyan dry tropical forest of India by favoring the

water regime and therefore a range of herbaceous com-

munities can be expected to occur along the gradient of

canopy cover.

In this study, forest canopy reduced the light intensity

and enhanced the soil moisture. Joshi et al. (2001) have

also reported more soil moisture in shaded area than in the

open. The possible mechanism through which trees facili-

tate the below canopy environment for ground vegetation is

interception of direct solar heat, which could reduce soil

temperatures and evaporation, thus increasing the below-

canopy soil moisture (Vetaas 1992). The improved soil

moisture could provide a platform for other environmental

variables which favor the growth and development of

herbaceous species and finally improve the a-diversity and

species richness of the ground flora. Pausas and Austin

Table 1 Percent tree canopy cover, light intensity, and soil moisture

at four sites in Vindhyan dry tropical forest of northern India

Sites Tree canopy cover

(%)

Light intensity

(%)

Soil moisture

(%)

Hathinala 55 (7)a 74 (5)a 4.08 (1.59)a

Ranitali 43 (5)b 83 (4)b 1.39 (0.50)b

Neruiyadamar 46 (7)ab 82 (6)b 2.74 (1.20)ab

Gaighat 48 (3)ab 77 (4)b 2.89 (0.81)ab

Values in parentheses are ±1 SD. Different superscript letters within
column are significantly different at p = B0.05

488 Environmentalist (2012) 32:485–493

123



(2001) advocated that a decrease in radiation is often

associated with an increase in water availability, resulting

in increased species richness under the canopies of trees.

Sheltering effect could be another possible mechanism for

greater herbaceous diversity beneath the tree canopies,

because in the absence of tree, survival of many species is

hindered, influencing the species diversity (Treydte et al.

2008; Sanchez-Jardon et al. 2010). Tree canopies improve

soil water conditions (Gindel 1964), soil nutrients, soil

organic matter (Escudero et al. 1985), and mineralizable-N

(Weltzin and Coughenour 1990). Further, studies have

shown that soils developing under the tree canopy have

greater water-holding capacity and a macro porosity

favorable to infiltration and redistribution of soil water

(Joffre and Rambal 1993).

In contrast to tree biomass, herbaceous biomass is inti-

mately related to annual production and thus is an easily

measured substitute for productivity (Johnson et al. 1996;

White et al. 1999). Studies indicated that increased her-

baceous production beneath the tree canopy was associated

with greater resources compared to those of adjacent

Table 2 Important value index

(IVI) of herbaceous species at

four sites in Vindhyan dry

tropical forest of northern India

Species Hathinala Ranitali Neruiyadamar Gayghat

Aeschynomene aspera L. 0.00 12.00 0.00 0.00

Aeschynomene indica L. 0.00 0.00 0.00 11.03

Alysicarpus vaginalis L. 11.82 0.00 0.00 0.00

Alysicarpus bupleurifolius L. 0.00 0.00 30.83 16.17

Alysicarpus monilifer L. 0.00 0.00 0.00 13.63

Atylosia cajanifolia Haines 4.95 76.46 0.00 0.00

Cenchrus ciliaris L. 0.00 0.00 0.00 10.94

Chrysopogon zizanioides L. 3.91 0.00 0.00 0.00

Convolvulus pluricaulis Chois 0.00 0.00 0.00 60.53

Cyperus compressus L. 0.00 63.27 0.00 0.00

Cyperus niveus Retz 125.35 0.00 0.00 0.00

Cyperus rotandus L. 2.75 0.00 0.00 0.00

Desmodium gangeticum L. 0.00 0.00 84.32 5.52

Desmostachya bipinnata L. 0.00 0.00 0.00 147.95

Evolvulus nummularius L. 0.00 16.98 0.00 0.00

Heteropogon contortus L. 74.59 0.00 0.00 0.00

Hyptis suveolens L. 15.38 115.19 0.00 0.00

Imperata cylindrica L. 20.85 0.00 0.00 0.00

Ludwigia adscendens L. 0.00 0.00 156.83 0.00

Mimosa pudica L. 0.00 0.00 13.33 0.00

Mollugo pentaphylla L. 18.08 0.00 0.00 0.00

Oldenlandia corymbosa L. 0.00 0.00 0.00 3.32

Phyllanthus urinaria L. 0.00 0.00 8.52 0.00

Rungia pectinata Nees. 7.91 0.00 6.14 0.00

Sida acuta Burm.f. 0.00 5.26 0.00 0.00

Sida cordifolia L. 0.00 0.00 0.00 7.40

Triumfetta pentandra A.Rich. 14.35 0.00 0.00 23.45

Urena lobata L. 0.00 10.83 0.00 0.00

PCA axis-1
-150 -100 -50 0 50 100 150

P
C

A
 a

xi
s-

2

-150

-100

-50

0

50

100

Hathinala
Ranitali
Neruiyadamar
Gaighat

Community-1

Community-2

Community-3

Community-4

Fig. 1 PCA ordination of sites on the basis of IVI of the component

herbaceous species, revealing four communities
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grassland away from tree canopies (Weltzin and Coughe-

nour 1990). Scholes and Archer (1997) reviewed the

effects of tree canopy on herbaceous production and

reported greater herbaceous production at optimum levels

of tree canopies. Similarly, Sanchez-Jardon et al. (2010)

also reported higher herbaceous productivity in areas of

scattered trees or medium-density forests than open area. A

greater productivity with increased tree cover has been

reported in different degraded ecosystems (Scholes and

Archer 1997).

Palmer (1994) listed more than 100 hypotheses to elu-

cidate the patterns of species diversity along various

environmental gradients, in which productivity is one of

them. In the present study, all the studied models (qua-

dratic, logarithmic, power, and linear) gave highly signif-

icantly fits but the linear relationships of herbaceous

productivity with species richness and a-diversity exhibited

a lower standard error of estimate and a higher coefficient

of determination compared to the non-linear models. The

standard error of estimate is a measure of the accuracy of

predictions because it represents the spread of real data

points around the fitted regression curve. A model yielding

the lowest standard error of estimate provides better results

compared to those with larger standard error of estimate

(Sagar et al. 2003b, 2008b). Linear relationship between

productivity and diversity was also found in several other

studies (Abrams 1995 and Bai et al. 2007). On the other

hand, several studies (see White et al. 1999) have reported

a humped relationship between herbaceous species richness

and biomass, and suggested that at low levels of biomass

the site is too unsympathetic for many species to stay alive,

whereas at high levels, the site is sympathetic and one or

few species dominate through competitive segregation

(Safi and Yarranton 1973).

The relationship between biodiversity and ecosystem

function has been a hot debate among ecologists (Johnson

et al. 1996; White et al. 1999; Bai et al. 2007). Four pre-

valent hypotheses (diversity-stability, rivet-popper, redun-

dancy, and idiosyncratic response) were advocated by

scientists under the umbrella of diversity and ecosystem

function concept. The productivity–diversity relationship

has important implications for ecosystem management (Bai

et al. 2007). In the present study, the linear relationship

between diversity and productivity supported the diversity–

stability hypothesis of Elton (1958). It has been argued that

species richness is a function of ecosystem stability (Bai

et al. 2007), which represents the greater degree of eco-

system complexity; i.e., structural organization, and num-

ber of niches (Gillet et al. 1999). Stability has been

reported to increase with species diversity (Safi and Yarr-

anton 1973). Therefore, dry tropical forest tree canopies

can potentially lead to an increase in stability and com-

plexity of the ecosystems.

4.1 Ecological implications

The populations of many tree species in the dry tropical

forest of India are depleting and many locations are facing

high threats of species loss because of biotic perturbations

(Sagar and Singh 2004). This decline in tree species pop-

ulations would certainly influence the herbaceous diversity,

productivity, and their relationship, because growth and

development of many herbaceous species are facilitated by

tree canopies (Scholes and Archer 1997) through

improvement in moisture regimes (Joffre and Rambal

1993) and soil nutrients (Archer 1995; Escudero et al.

Table 3 Species diversity and

biomass of the herbaceous

vegetation at four sites in

Vindhyan dry tropical forest of

northern India

Values in parentheses are ±1

SD. Different superscript letters
within column are significantly

different at p = B0.05

Sites Species number (ha-2) Evenness Shannon index b-diversity Biomass (g-2)

Hathinala 4.6ab

(1.52)

3.29a

(1.53)

1.31ab

(0.30)

2.40 15.39a

(8.35)

Ranitali 6.00a

(0.71)

2.94a

(0.73)

1.51a

(0.12)

1.20 34.97b

(7.35)

Neruiyadamar 4.00b

(0.71)

2.10a

(0.43)

1.12b

(0.13)

1.50 4.33c

(1.26)

Gaighat 4.60ab

(0.89)

2.54a

(0.82)

1.23ab

(0.18)

2.20 9.21ca

(4.63)
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Fig. 2 K-dominance plot, in which percentage cumulative impor-

tance value is plotted against log species rank for each site
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Fig. 3 a Relationship between tree canopy cover (C) and number of

species (S), according to S = -2.28 ? 0.15C; R2 = 0.76, p = B0.001.

b Relationship between tree canopy cover (C) and Shannon index

(H0), according to H0 = 0.10 ? 0.03C; R2 = 0.59, p = B0.001.

c Relationship between tree canopy cover (C) and biomass (B),

according to B = -44.89 ? 1.27C; R2 = 0.46, p = B0.001.

d Relationship between soil moisture (M) and number of species (S),

according to S = 3.11 ? 0.61M; R2 = 0.51, p = B0.001.

e Relationship between soil moisture (M) and Shannon index (H0),

according to H0 = 0.96 ? 0.12M; R2 = 0.55, p = B0.001.

f Relationship between soil moisture (M) and biomass (B), according

to B = 2.22 ? 4.95B; R2 = 0.28, p = B0.01. g Relationship between

tree canopy cover (C) and soil moisture (M), according to M = -3.80

? 0.14C; R2 = 0.47, p = B0.001. h Relationship between number

of species (S) and biomass (B), according to B = -18.31 ? 7.15S;

R2 = 0.44, p = B0.001. i Relationship between Shannon index (H0)
and biomass (B), according to B = -28.45 ? 34.37H0; R2 = 0.37,

p = B0.01

Table 4 Relationships of

herbaceous biomass with a-

diversity (Shannon index) and

its component (species richness)

in dry tropical forests of India

Regression models R2 Standard error

of estimate (Sŷ)

p

Relationships between species richness (X) and biomass (Y)

Quadratic 0.44 10.38 0.007

Logarithmic 0.39 10.58 0.003

Power 0.44 10.12 0.001

Linear 0.44 0.93 0.001

Relationships between Shannon index (X) and biomass (Y)

Quadratic 0.36 10.43 0.007

Logarithmic 0.27 11.19 0.009

Power 0.37 10.37 0.002

Linear 0.37 0.19 0.002
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1985; Weltzin and Coughenour 1990). A decline in tree

density would reduce the canopy cover and increase the

xericness of the habitat. Therefore, strong regulatory

measures and protection are required for re-establishment

of the depleted tree populations to augment and maintain

forest herbs. Apart from protection, seed sowing and

planting of field-collected or nursery-raised tree seedlings

through aggressive forestry will be required, particularly in

the case of severely depleted populations. Systematic

fuelwood plantation of fast-growing trees on the village

commons for raising high-density short-rotation fuelwood

plantation can be a practicable approach to ease the

anthropogenic pressure on natural forests (Sagar et al.

2008a; Sagar and Singh 2004, 2005).

Acknowledgments The Ministry of Environment and Forests,

Government of India, is acknowledged for financial support. JSS is

supported by NASI Senior Scientist Scheme.

References

Abe S, Masaki T, Nakashizuka T (1995) Factors influencing sapling

composition in canopy gaps of a temperate deciduous forest.

Vegetatio 120:21–32

Abrams PA (1995) Monotonic or unimodal diversity—productivity

gradients: what does competition theory predict? Ecology 76:

2019–2027

Anderson WB (2003) Interactions of nutrient effects with other biotic

factors in the herbaceous layer. In: Gilliam FS, Roberts MR (eds)

The herbaceous layer in forests of eastern North America.

Oxford University Press, New York, pp 91–101

Anderson RC, Loucks OL, Swain AM (1969) Herbaceous forest

response to canopy cover, light intensity and throughfall

precipitation in coniferous forests. Ecology 50:255–263

Archer S (1995) Tree-grass dynamics in a Prosopis-thornscrub

savanna parkland: reconstructing the past and predicting the

future. Ecoscience 2:83–99

Bai Y, Wu J, Pan Q, Huang J, Wang Q, Li F, Buyantuyev A, Han X

(2007) Positive linear relationship between productivity and

diversity: evidence from the Eurasian Steppe. J Appl Ecol 44:

1023–1034

Breshears DD (2006) The grassland-forest continuum: trends in

ecosystem properties for woody plant mosaics. Front Ecol

Environ 4:96–104

Bushing RT, Brokaw N (2002) Tree species diversity in temperate

and tropical forests gaps: the role of lottery recruitment. Folia

Geobot 37:33–43

Champion HG, Seth SK (1968) A revised survey of the forest types of

India. Government of India Publication, New Delhi

Coomes DA, Grubb PJ (2000) Impacts of root competition in forests

and woodlands: a theoretical framework and review of exper-

iments. Ecol Monogr 70:171–207

Das DK, Chaturvedi OP, Mandal MP, Kumar R (2008) Effect of tree

plantation on biomass and primary productivity of herbaceous

vegetation in eastern India. Trop Ecol 49:95–101

Denslow J, Ellison A, Sanford RE (1998) Treefall gap size effects on

above- and below-ground processes in a tropical wet forest.

J Ecol 86:597–609

Elton CS (1958) The ecology of invasions by animals and plants.

Methuen, London

Escudero A, Garcia B, Gomex JM (1985) The nutrient cycling in

Quercus rotundifolia and Q. pyrenaica ecosystems of Spain.

Oecol Plant 6:73–86

Gill SJ, Biging GS, Murphy EC (2000) Modelling conifer tree crown

radius and estimating canopy cover. For Ecol Manag 126:

405–416

Gillet F, Murisier B, Buttler A, Gallandat J, Gobat J (1999) Influence

of tree cover on the diversity of herbaceous communities in

subalpine wooded pastures. Appl Veg Sci 2:47–54

Gilliam FS, Roberts MR (2003) The herbaceous layer in forests of

eastern North America. Oxford University Press, New York

Gindel I (1964) Seasonal fluctuations in soil moisture under the

canopy of xerophytes and in open areas. Commonw For Rev 43:

219–234

Joffre R, Rambal S (1993) How tree cover influences the water

balance of Mediterranean rangelands. Ecology 74:570–582

Johnson KH, Vogt KA, Clark HJ, Schmitz OJ, Vogt DJ (1996)

Biodiversity and the productivity and stability of ecosystems.

TREE 11:372–377

Joshi B, Singh SP, Rawat YS, Goel D (2001) Facilitative effect of

Coriaria nepalensis on species diversity and growth of herbs on

severely eroded hill slopes. Curr Sci 80:678–682

Maguire DA, Forman RTT (1983) Herb cover effects on tree seedling

patterns in a mature Hemloch-Hardwood Forest. Ecology 64:

1367–1380

McCune B, Mefford MJ (1999) PC-ORD multivariate analysis of

ecological data. Version 4. MJM Software design, Oregon

Neufeld HS, Young DR (2003) Ecophysiology of the herbaceous

layer in temperate deciduous forests. In: Gilliam FS, Roberts MR

(eds) The herbaceous layer in forests of eastern North America.

Oxford University Press, New York, pp 38–90

Ovalle C, del Pozo A, Casado MA, Acosta B, de Miguel JM (2006)

Consequences of landscape heterogeneity on grassland diversity

and productivity in the espinal-agroforestry system of central

Chile. Landsc Ecol 21:585–594

Palmer MW (1994) Variation in species richness: towards a

unification of hypotheses. Folia Geobot Phytotaxon 29:511–553

Pausas JG, Austin MP (2001) Patterns of plant species richness in

relation to different environments: an appraisal. J Veg Sci 12:

153–166

Platt HM, Shaw KM, Lambshead PJD (1984) Nematode species

abundance patterns and their use in the detection of environ-

mental perturbations. Hydrobiologia 118:59–66

Ricklefs RE (1977) Environmental heterogeneity and plant species

diversity: a hypothesis. Am Nat 111:376–381

Runkle JR (1982) Patterns of disturbance in some old growth mesic

forests in eastern North America. Ecology 63:1533–1546

Safi MI, Yarranton GA (1973) Diversity, floristic richness, and

species evenness during a secondary (post-fire) succession.

Ecology 54:897–902

Sagar R, Singh JS (2004) Local plant species depletion in a tropical

dry deciduous forest of northern India. Environ Conserv 31:

55–62

Sagar R, Singh JS (2005) Structure, diversity, and regeneration of

tropical dry deciduous forest of northern India. Biodivers

Conserv 14:935–959

Sagar R, Raghubanshi AS, Singh JS (2003a) Asymptotic models of

species-area curve for measuring diversity of dry tropical forest

tree species. Curr Sci 84:1555–1560

Sagar R, Raghubanshi AS, Singh JS (2003b) Tree species composi-

tion, dispersion and diversity along a disturbance gradient in a

dry tropical forest region of India. For Ecol Manag 186:61–71

Sagar R, Raghubanshi AS, Singh JS (2008a) Comparison of

community composition and species diversity of understorey

and overstorey tree species in a dry tropical forest of northern

India. J Environ Manag 88:1037–1046

492 Environmentalist (2012) 32:485–493

123



Sagar R, Singh A, Singh JS (2008b) Differential effect of woody plant

canopies on species composition and diversity of ground

vegetation: a case study. Trop Ecol 49:189–190

San Jose JJ, Farinas MR (1991) Temporal changes in the structure of

a Trachypogon savanna protected for 25 years. Acta Oecol 12:

237–247

Sanchez-Jardon L, Acosta B, Pozo A, del Casado MA, Ovalle C,

Elizalde HF, Hepp C, de Miguel JM (2010) Grassland produc-

tivity and diversity on a tree cover gradient in Nothofagus
pumilio in NW Patagonia. Agric Ecosyst Environ 137:213–218

Schnitzer SA, Carson WP (2001) Treefall gaps and the maintenance

of species diversity in a tropical forest. Ecology 82:913–919

Scholes RJ, Archer SR (1997) Tree-grass interactions in savannas.

Annu Rev Ecol Syst 28:517–544

Shannon CE, Weaver W (1949) The mathematical theory of

communication. University of Illinois Press, Urbana

Singh JS, Raghubanshi AS, Singh RS, Srivastava SC (1989)

Microbial biomass acts as a source of plant nutrients in dry

tropical forests and savannas. Nature 338:499–500

Singh JS, Singh KP, Agrawal M (1991) Environmental degradation of

the Obra-Renukoot-Singrauli area, India, and its impact on

natural and derived ecosystems. Environmentalist 11:171–180

Singh JS, Singh SP, Gupta SR (2006) Ecology environment and

resource conservation. Anamaya Publishers, New Delhi

SS SP (1997) SPSS base 7.5 application guide. SPSS, Chicago

Treydte AC, van Beeck LFA, Ludwig F, Heitkonig IMA (2008)

Improved quality of beneath-canopy grass in South African

savannas: local and seasonal variation. J Veg Sci 19:663–670

Upadhyay MD, Srivastava SCN (1980) Working plan Obara Forest

Division, South Circle, Uttar Pradesh from 1980–81 to 1989–90.

Unpublished Report, Working Plan Circle (2), Nainital, India

van Swaay CAM (2002) The importance of calcareous grasslands for

butterflies in Europe. Biol Conserv 104:315–318

Vetaas OR (1992) Micro-site effects of tree and shrubs in a dry

savanna. J Veg Sci 3:337–344

Weltzin JF, Coughenour MB (1990) Savanna tree influence on

understorey vegetation and soil nutrients in north-western

Kenya. J Veg Sci 1:325–334

White AS, Witham JW, Hunter ML Jr, Kimball AJ (1999) Relation-

ship between plant species richness and biomass in a coastal

Maine Quercus-Pinus forest. J Veg Sci 10:755–762

Whittaker RH (1972) Evolution and measurement of species diver-

sity. Taxon 21:213–231

Environmentalist (2012) 32:485–493 493

123


	Composition, species diversity, and &!blank;biomass of &!blank;the &!blank;herbaceous community in &!blank;dry tropical forest of &!blank;northern India in &!blank;relation to &!blank;soil moisture and &!blank;light intensity
	Abstract
	Introduction
	Materials and &!blank;methods
	Study area
	Sampling
	Data analysis

	Results
	Discussion
	Ecological implications

	Acknowledgments
	References


