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Clastten-7
INTRODUCTION

India is an agriculturally dominant country and cattle are important part of it.
Indian fannérs depend wholly or partially upon domestic cattle for agricultural practices
and other valuable products. Eighty per cent of cattle population depend upon grassland
to meet their fodder requirement and this percentage is more in hilly regions of Himachal

Pradesh, though grassland management is most neglected part of forest management

here.

Grassland vegetation in India espectally in H.P., owe its origin to interference of
forest by man. The favourable climate for the development of a typical grassland does not
prevail in this country and grasslands are destined to change from one to another [orcst

type under natural succession. In Himachal Pradesh, there are 34.9 percent pasture land

—_—

out of a total legally defined forest area of 66.48 per cént as.per’ the records in statistical
outline of H.P. 1998. Nearly entire north facing slopes of Himalayas are more hcavily
forested than those with Southern aspect supporting mostly mixed typc of grassland
communities (Gaston ef al, 1981). Himachal Pradesh supports more than 52 lakh of
livestock population on 55673 km? area- Out of the total land area 26.8 per cent is under

agriculture, 32.6 per cent under forest cover and 23.1 per cent under pasturcs and grazing

lands (Anonymous, 1998).

Livestock economy plays an important role in hilly state like Himachal and in this
context, the vast grassland resources of the state assume special significance and offers a
great potential for cattle rearing. Climatic, topographic, physiographic factors, altitude
and related aspects influence distribution of the various grass species which affect

grassland production both quantitatively and qualitatively (Whyte, 1968). Natural



grasslands in Himachal Pradesh are spread over from 600-4800 m altitude. Their

improvement recalls for the immediate attention.

- Grassland improvement involves variety of techniques and methodologies,
silvipasture is one of them. Silvipasture system is a land use system in which trees or
shrubs are combined with livestock and pasture production on the samc land management
unit. Within this broad category, several types of sub-systems and practiccs can be
identified depending on the role of trees / shrub component viz. protein bank fodder
production, live fence of fodder trees and hedges, trees and shrubs on pasture (Nair,
1993). Silvipastoral system involving a large number of trees and shrubs species and
various management intensities ranging from extensive nomédic silvipastoralism to very
high intensity cut and carry fodder systems, have been praclised in various countrics.
Silvipastoral system of farming has been recognised as a input technology for increasing
forage and fuelwood production from the vast wastelands and degraded grassland of the
country. The produclivity from improved grasslands through silvipastoral system of
forage production at Jhansi, registered a threc fold increasc (lazra, 1989), while
Menkania (1983) in western Himalayas reported that forage production under trees

decreases.

All the species in a natural community are not isolated they may exhibit either a
positive or negative relationship among themsclves which ultimatcly determine the
resultant species over the area. Floristic composition of a region is closely related to the
vegetational diversity of that region. The general appearance of a community is caused
more by the life forms of the dominant plant species than by any other characteristics of

the vegetation. The information on floristic compasition remains a basic rcquirement for

any such study.

Study of phytomass in production ecology helps to have dcep insight into the
structural composition of the vegetation at a given time under the prevailing
environmental conditions. The phytomass of vegetation decides about the fixation of

energy by the living organisms from abiotic resources and helps to make the living



system efficient. The aboveground biomass especially of grasses are of paramount
importance as these are fed to animals during drought period when no other feed is
available. Belowground biomass helps to decide about the functioning of the ecosystem.
The belowground composition and nutrient status of any grassland decides about its

nutritional quality to meet the fodder requirements of cattle.

Keeping in view that grasslands are one of the important biomcs and play
significant role in the economy ofthé people in this region. An effort has been envisaged
to analyse some of the grassland improvement practices which are in vogue. With this
aim the present study was undertaken to study the “floristic and productivity variations
among different tree based pasture systems vis-a-vis grasslands in temperate region”
during g}owing season i.e, July 2000 to October 2000 at the university area of Regional

Horticultural Research Station, Mashobra, Shimla, H.P. with the following objectives:

i) Temporal variations in floristic composition and phyto-sociology.
i) Biomass productivity of herbage.
1i1) Nutrient changes in grass during growing season.

iv) Soil nutrient status of different systems.
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REVIEW OF LITERATURE

.Silvipastoral system integrates woody species with grasses or legumes-grass
mixtures, simultaneously or sequentially on the same piece of land. These systems
involve woody species that can be grown at different canopy heights and managed in a
manner to obtain maximum benefits through efficient utilization of solar energy and other

résources.

Appropriate literature pertaining to the various aspects of present investigation

has been reviewed under the following headings:

2.1 Floristic composition and phytosociology of herbage.
2.2 Productivity of herbage.

2.3 Nutrient content of herbage.

2.4 Physico-chemical properties of soil.

2.1 FLORISTIC COMPOSITION AND PHYTOSOCILOGY TO HERBAGE

Floristic composition and phytosociology has long been of principal interest
especially of agrostologists and ecologists. The information on the floristic composition
remains, one of the basic requirements for any such study including classification of
ground flora in different systematic types of ecosystcms c.g. forest, agricultural land,
rangeland etc. It is difficult to give information on floristic composition, stratification and
other vegetational characteristics as it varies with season and year. It is also affected by
biotic and abiotic components. It is the net result of their interaction which forms a type

of community (Whittakar, 1970).



George and Vergease (1985) reported that rainfall of an area is the major factor
which govemns the dominance, growth, structurc and floristic composition. The study
carried out by Chopra (1956) on grasses of Kashmir reported that Stipa sibirica being the
principle grass species in pine forest possessing poisonous properties, he also noted that
dominant grass species which only from under growth in chir pine forests was Themeda
anathera. From another study on phytosociology and ecology of natural grassland

communities in Hawaii, Kartawinata and Dombois (1972) reported nine types of grass

associations on the basis of dominant grass species.

Sajwan (1975) studied the ground flora in Dalbergia sissoo, Prosopies juliflora,
Dendrocalamus strictus and mixed plantations etc. and reported Apluda aristata being
the dominant herbage species possessing maximum frequency and density in D. sissoo,
Acacia catechu and mixed plantations in Jamuna ravine in Agra region. Rao and

Kharkongar (1978) reported 28 per cent of perennial grass have been reported in

Shillong.

Several agrostologists (Gill, 1975; Singh and Joshi, 1979) observed variations in
floristic coniposition and herbaceous vegetation with the varying climatic and biotic
stresses. Singh er al. (1975) contended that the floristic composition of grasses varies
greatly with the altitude. They reported in their study on grasslands at different altitude in
Himachal Pradesh, that at and below 2360 m altitude the dominant grass were
Herteropogon contortus Beauv., Arundinella nepalensis Trin., Chrysopogon gryllus
Trin., Bothriochloa pertusa and Arundinella camus. Whereas, those at 2915m consisted
of Agrostis cania L.; A. stolonifera L.; Festuca gigantea L.; Dactylis glomerata L. and
Bromus inermis Leyss. They also found the dominance of grasses and few legumes below
3515m. Sundriyal et al. (1987) studied different grasslands of western Himalaya and
reported that the composition of grasslands changed with altitude and various other
attributes such as grazing, cutting and burning which were found to have considerable

impact on the grassland vegetation functioning.



Sajwan et. al. (1980) in his study on forage yield on different habitats in low
Ambala Shiwaliks reported that maximum Importance Value Index (1V1) of Chrysopogon
Sulvus was under Eucalyptus spp. and Acacia catechu. Reduction of forage under trces
and increased percentage of perennial grassces have been reported by Ahuja ef al. (1985)
and they ascribed it to uneven rainfall. Chaturvedi and Mishra (1985) recorded 20 percent

less grass under trees than the open, at Dudhwa National Park at Uttar Pradesh.

Singh et al. (1985) obsérved floristic composition of local grass under two age
groups of chir pine (15 years and 30 years) and open grassland and observed
Chrysopogon sirrulatus as a dominant grass species under and outsidc chir pine
~ plantations by attaining highest IVI of 90.03 and 62.81 under two age groups of chir pine
plantations, respectively. They further concluded that grasses were affected by the

density and crown density of chir pine trees.

Chaturvedi er al. (1988) studied the floral ecology of central Himalayan chir pine
forests and reported Anthraxon lancifolius as the dominant grass spccies in chir pine
forests. Noor Mohammed (1989) in Pakistan noticed that ground flora varies with degree
of canopy opening. Gupta and Bhardwaj (1993) in. their study on biomass and
productivity of forests in Shivalik hills concluded that composition of herbaceous layer
was significantly affected by forest type, basal cover of tree and site conditions. Trivedi
(1994) repoﬁed effect of soil water availability on species diversity and found maximum
species in September and minimum in May. Grass species of perennial herbs under Pinus
kesiya of Shillong in Meghalaya and also mentioned that most of the indigenous ground

vegetation 1s killed by winter frost (Rao and Kharkongar, 1978).

Somaribba (1988) reported that natural and improved pastures growing in open as
well as under the canopy of guava trees were similar in floristic composition. Dass (1995)
evinced that total population strength of grasses (density) under tree stand of chir pine
ranged between 1825.17 m? to 2093.67 m2. Among individual grass species, Themeda
anathera attained the highest density in July, whereas, lowest density was contributed by

Imperata cylindrica in the month of September. He further found that species diversity of



herbage vegetation under chirpine trees and in open grasslands varied from 0.679 to

0.984 and 0-929 to 0.966, respectively at Solan in H.P.

Mclintosh (1967) considered diversity as the number of species in a community
including distribution of individuals among the species. He further reported that
community stability is controlled by species diversity while dominance controls
community productivity. Species diversity refers to the richness of species as well as
balanced species distribution (Odum, 1969). He further argued that species diversity
correlated with stability of the community. Species diversity has been considered as a
measure of successional stage by some workers (Holland, 1971 and Whittaker, 1972).
They believed that diversity increases during succession and reaches to its maximum at
climax stage. In grassland ecosystems species diversity decreases dominance and

generates community stability (Sahai and Asthana, 1976).

2.2 PRODUCTIVITY OF HERBAGE

The assessment of productivity of herbage is of utmost importance to bring about
any improvement in the ground flora production. The work done by various workers has

been reviewed as below:

Singh et. al.(1975) reported the dry matter yield-of grasslands of H.P. varicd from
250-518g/m2. They also observed lower dry matter yield with increasing altitude upto
2915 m beyond which dry matter yield registered a phenomenal increase. In general,
grasslands located between altitudes 2360-2915m showed low productivity. Pcarson
(1975) contended the grass yield under southern pine increased with frequent burning of
leaf litter. Shankar (1980) recorded the highest biomass (2.3 t/ha) of range grasses under

the canopy of Tecomella undulata, Albizzia lebbek and prosopis juliflora in arid region.

The study carried out by Aggarwal et al. (1978) at CAZRI, Jodhpur revealed that
among two grasses viz., Cenchrus ciliaris and C. setigerus the minimum value of

aboveground biomass was obtained in the month of June for C setigerus (28 g/m?) and in



May for C.ciliaris (63.5g/m?). Whercas, maximum aboveground biomass was recorded in

October 150 g/m? and 210 g/m? for both the species, respectively.

Ahuja et al. (1978) investigated the biomass production of herbage under 15 years
old stands of Albizziu lebbek, Prosopis cineraria and Acacia senegal and reported 1.4 (o
|.5 Vha air dry herbaccous biomass under first three specics, the herbage production
under Acacia senegal was reported significantly less (0-7 t/ha) than the other two spccics
due to higher tree density. Pardey (1978) studied the seasonal varialions in biomass
productivity in protected grassland ecosystems and rccorded maximum biomass in the
beginning of winter whereas, seasonal net community production was found more in
rainy season. Seasonal variations in biomass productivity of grasses and their associatcs
in grassland ecosystem has been reported by various scientists (Das and Sahai, 1975;

Bawa, 1986; Gupta, 1988; Das, 1995; Guleria, 1996).

Sajwan et al. (1980) studied the productivity of herbaceous vegetation under
different tree specics and registered maximum green forage yields under Eucalyptus
plantation. Melkania et al.. (1983) pointed out that grass productivily incrcased markedly
under protection from grazing. However, they maintained that Pinus roxburghii had some
deleterious cffect on the herbaceous vegetation and production of herbaccous vegetation

was not upto the mark even under heavy protection.

Ahuja er al. (1985) evaluated the forage production in forest plantations and
indicated that the forage production was influenced during the year by quantity and
distribution of rainfall, the percentage of perennial grasses was reported highest during
the years of scarce rainfall but the total grass production of forage specics was highest
under Pro.&opis cineraria followed by Techomella undulata, Albizzia lebhek and Acaica
senegal even though the density of trees under Prosopis cineraria was doubled than

Albizzia lebbek.

Rajvanshi et al. (1987) in the study on herbaceous undegrowth in some forest

habitats in Nilgiries reported thal total biomass production of grasses varics with the tree



species. Chaturvedi et al. (1988) reported 241g/m? of total dry matter production of
herbaceous vegetations under chir pine and out of which 175g/m? was contributed by
aboveground biomass. Uresk and Severson (1989) reported that productivity of
understorey vegetation increased with decreased in basal arca per hcctare of trce
components. Annual understorey pasture production from the plantations relative to open
pastures ranges as low as 7 per cent depending on the effects of the tree canopy was

observed by Percival and Knowecls (1988).

The study carried out by Saha and Saxena (1990) revealed that the contribution of
grasses and sedges under Quercus leucotrichophora was around 90 percent. They further
observed that Themeda anathera alone contributed 50 per cent under Pinus roxburghii.
Melkania (1991) observed that grasses contributed about 93.5 percent of the aboveground
biomass in Pinus roxburghii plantation§ with Heteropogon contortus being the dominant

grass.

Gupta et al. (1994) registered maximum aboveground biomass of herbage during
rainy seaosn and minimum in summer, while belowground biomass was maximum in
winter season and minimum in summer. Bhatt ef al. (1994) observed reduction in rate of
transpiration, lcafl temperature, and stomatal conductance of grasses under tree canopy
which ultimately led to low biomass production. They further noticed that Cenchlirus

ciliaris grew successfully under tree canopy.

Dass (1995) observed reduction in herbage quantity in pine stands as compared to
that in dpen grassland. Similar trend was also observed by Guleria (1996) in Chirpine
stands grazing is another factor affecting structure and function of grassland ecosytem.
The study conducted by Scth (1996) in a free grazing alpine psaturc lands of Kashmir
revealed that aboveground biomass in grazed site was more (118.23 g/m? than in fenced
site (113.65 g/m?) thereby indicaling that seasonal grazing significantly affect the

structural and functional attributes of alpine pasture land.

The study conducted by Saxena et al. (1996) on scasonal changes in biomass, nct

primary productivity and turnover of dry matter of paragrass (Brachiaria mutica) under 2

10



mixed tree stand and an adjacent open stand indicated that paragrass under mixed stand
registered higher values than that of open stand for all the three parameters measured.
Dalai (1997) registered maximum aboveground and belowground biomass of herbage in
August month under chirpine forests, Rao (1998) reported Maximum biomass in
September month under chirpine stand in Solan (H.P.). Dutt (1999) also reported that

biomass production of understorey vegetation was higher in open grassland as compared

to chirpine inhabitaed sites.

2.3 NUTRIENT CONTENT OF HERBAGE

The available literature consulted for the study of nutrient status of the grassland

vegetation has been presented as below:

Hughes (1970) reported 10-12 per cent crude protein content in Aristida stricta, ‘a
threc awned grass’ in fresh herbage growth, grown under slash pine in United States. He

further observed decrease in protein content to 8 per cent with on set of maturity.

Aggarwal et al. (1978) observed that total nitrogen content in grasses varied with
the species and season. They further noticed that amount of rainfall had significant and
positive effect on the aboveground/belowground biomass N concentration in some
species. However, they recorded higher uptake of nitrogen in belowground biomass. At
maturity, decrease in per cent nitrogen and phosphorus and increase in calcium content

was recorded by Pal and Negi (1978) in high altitude Himalayan pasture.

Significant decrease in crude protein content afler September was also noticed by
Dogra et al.(1979) in grassiand vegetation of H.P. They observed highest crude protein

content in local grasses during first growth which decreased gradually as growing stage

progressed.

Khatta and Katoch (1981) reported fairly high value of phosphorus in

submontaneous grasses of Himachal Pradesh. Joshi and Gupta (1984) noticed decrease in



calcium and increase in magnesium with advancement of growth, while phosphorus was

found maximum at pre-bloom stage of grasses in Thar desert.

Saha er al. (1985) reported that phosphorus ranged from 0.01 to 0.025 per cent
and calcium from 0.21 to 1.48 per cent in different grasses at Sikkim. Seo et al. (1985)
inferred that nutrient contents of grasses varied significantly with fertilizer application
and found that fertilizer application under chirpine trees increased N and K contents of

grasses but did not effect P, Ca, Mg and Na.

Bawa (1986) noticed variation in N, P, Ca, and Na per cent of grasses in different
seasons and reported maximum nitrogen in grasses in September near Shimla, Himachal
Pradesh. In another study, Seo et al. (1989) observed that in grasses nitrate content
increased on account of high grazing intensity. Nitrate content was higher in summer and
autumn than in spring. Gupta (1988) reported that N, P, K, Ca and Mg in above ground
biomass of grasses at peak biomass stage (September) varied from 0.63 to 1.68, 0.05 to
0.16, 0.26 to 0.58, 0.28 to 0.94 and 0.47 to 0.72 per cent, respectively in monsoonal

grasslands around Shimla, H.P,

Verma (1989) recorded maximum concentration of nitrogen, phosphorus and
potassium at bloom stage in grasses under chirpine forest in Shimla, Himachal Pradesh.
Sharma (1991) found maximum N. P and K content in grasses growing under chirpine at
half bloom stage. Belsky er al. (1993) recorded increased N, P and K in understorey of

Acacia tortilis and A. digitata in comparison to open grassland.

Guleria (1996) opined that there was not much different in nutrients of grasscs
under chirpine and in open grassland. He further noticed that different grasses ranged
from 0.93 to 1.40, 0.12 to 0.30, 0.50 to 0.92, 0.28 to 0.76 and 0.25 to 0.86 per cent,
respectively at the time of peak biomass stage in August/Scptember and declined
thereafter. Almost similar range of nutrient contents in herbage layer under chirpine at the
time of peak biomass (August) was reported by Dalai (1997) Rao (1998), Dutt (1999) for

grasslands at Solan, H.P.



Hazra (1990) reported that the result of a 7-year old study with Leucaena
leucocaephala, Acacia nilotica, Albizzia lebbek and Albizzia procera tested against open
grassland without trees. Leucaena Lecucocaephala lowered the soil pH and raised the
nutrient status of soil remarkably as compared with open grassland. Caliway (1991) in his
study on nutnent cycling of grass species in Califonia found that grass productivity was
likely to be facilitated under ban oak by nutrient input through litterfall.

Park er al. (1988) in a study using artificial shading 10, 25, 50 and 75 per cent
shades on Dactylis glomerata, Phleum pratense, Lolium perenne and Trifolium repens

found that for all species crude protein content increased with shading.

24 PHYSICO CHEMICAL PROPERTIES OF SOIL

The related literature consulted for the study of physico-chemical properties of

soil has been given below:

Zinke (1962) measured radial vanation in soil propertics surrounding Pinus
contorta trees in southem california and reported decreased soil organic carbon, N and
base cations with increased distance from tree trunk. Yadav and Pathak (1963) made a
study of forest soil of India and recorded 2.07 per cent organic carbon in Punjab. Singh
and Raman (1982) found that organic carbon content of forest soils of Darjeeling hills
varied from 2.18 to 3.88 per cent for the surface. Soni (1991) while studying forest soils
of wet temperate zone of Chamba district found that organic carbon ranged from 1.31 to
5.34 per cent. Organic carbon in soil was recorded to increase with increase in altitude

and it decreased with increase in depth (Kaushal, 1992).

The study carried out by Sharma (1991) revealed that available nitrogen varicd
from 94.0 10 233.0 ppm under different association of chirpinc in Solan district. The

results obtained were similar to those of Malik (1992) for the same arca. Kaushal (1992)
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however, observed positive and significant correlation of organic carbon with altitude and

available nitrogen in deodar forests of Himachal Pradesh.

Yadav and Pathak (1963) made a study of soil profiles in chakrata forest division
of Uttar Pradesh and found that available P was low in all the soils and was not
unifornmly disiribuled throughout the depth of soil profile. Kaushal (1992) found
decreasing value of available P with depth of soil under deodar stands in Kinnaur district
of Himachal Pradesh. Sharma (1991) found that available phosphorus varied from 10.0 to

2.50 ppm under chirpine associations in Solan Forest Division.

The available potassium ranged from 0.017 to 0.170 per cent in the soils of
Chakrata Forest Division of U.P. (Yadav and Singh, 1963). Singh and Raman (1982)
recorded decreased potassium content with increase in depth in north-east Himalayan
forest soils. Kaushal (1992) reported more available potassium in surface that sub-surface
soils of deodar stand in H.P. The available potassium was noted to vary from 87.0 to

112.0 from in chirpine association (Sharma, 1991)

The bulk density of forest soils varied from 0.2 and 1.9g/cc in organic layer and
coarse sands, respectively (Pritchett, 1979). Hazara ef al. (1973) reported that soil bulk
density decreases with increase in organic matter content of soil, Similar observation
have been reported by Pritchett (1979); Bhagat and Acharya (1989). The surface soils
were found to have lower values of bulk density, which increased with increase in depth
of the soil profile. This view has further been supported by Malik (1992) for the same

forests of Himachal Pradesh.
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MATERIALS AND METHODS

-

The present study, “Floristic and productivity variations among differcent tree

based pasture systems vis-a-vis grasslands in temperate region” was conducted in district
Shimla at Regional Horticulture Research Station, Mashobra under Dr. Y.S. Parmar
University of Horticulture and Forestry, Nauni-Solan (HP) during the year 2000. The

materials and methods employed during the course of investigation have been detailed as

under:

3.1 DESCRIPTION OF THE STUDY AREA

Location

The area of study ‘was selecled in Regional Horticulture Research Station,
Mashobra in district, Shimla. The study area was located 16 Km towards north eastern
direction from Shimla town on Shimla-Naldehra Road at 31.1°N latitude and 77.1°E
longitude. The sample plots were selected in the area under research station at Sadhora,

2286 m above mean sea level.

Climate

The climate of the Shimla district is transitional between sub-tempcrate and
temperate. The study site fall between agroclimatic zone II and III i.e. Temperate Wet
zone. This region is subjected to high rainfall during monsoon and is covercd with snow
- during winter. The temperature of this region ranges between 5-25°C. The fortnightly

changes in temperature, rainfall and humidity during the study period arc shown in Fig. 1.



Topography and Soil

The study sites were characterized with steep slopes having undulating terrain
facing southern aspect. The soils were silty clay loam, acidic in nature having medium
organic matter content, available nitrogen, phosphorus and potassium. The colour of soil

in the sites was light to dark brown.

Demarcation of Research Plots

In the study area, different types of systems required for the present study were
already existing and were well established like silvipastoral system and hortipastoral
systems. In silvipastoral system the exotic grasses were planted alongwith the natural
indigenous grasses under different fodder trees like Morus serrata, Robinia pseudoacacia
and Acacia mollisima and in hortipasture systems there were many horticultural trees like
pear, walnut, almond and apple and exotic grasses were introduced in natural grassland
alongwith fruit trees in 1992. A thorough survey of whole area was conducted in the
month of April-May. To meet out the objectives of our study five different systems were

finally selected:

i) Natural grassland

The system represented natural grassland of temperate region without any
interference of human or any other biotic factors. Trees were absent in this study site.

This system was covering an area about O.lha.In this grassland no exotic grass was

introduced.

it) Pine based silvipastoral system

The system represented typical Pinus wallichiana foresl. The understorey
vegetation in such forests supports good forage for grazing of animals thus can be
considered a natural pine based silvipastoral system. Though, the gm'z.i‘ng was nol
allowed during the study period. The various silvological characters of trees in this sitc

are given in Table |.
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iii) Hortipastoral system

Originally this site represented a natural temperate grassland and the improved
grasses like Dactylis glomerata was introduced during 1992 along with apple trees. The

various silvological characters of trees in site are given in Table 1.

iv) Improved grassland

Originally this site also represented a natural temperate grassland. Some tillage
practices had been done to the soil and an improved grass Dactylis glomerata (orchard

grass) was introduced along with existing local grasses in the year 1992.

V) Fodder trees based silvipastoral system

In this system natural grasses and an improved grass Dactylis glomerata were
growing along with fodder trees like Robinia pseudocasia and Acacia mollissima planted
in 1992 on a sloppy site to check the soil erosion. The various silvological characters of

trees in this site are given in Table 1.

Table 1. Silvological characteristics of tree components in system I (natural
grassland), 1I (pine based silvipastoral sustem), IIl1 (hortipastoral system),
IV (improved grassland), V (fodder trees based silvipastoral system)

System - Density TFree height {.Crown height ~ | Crown diameter
(number of (m) (m) (m)
trees/ha)
I - - . -
[1 1600 39.2 8.4 10.6
111 500 2.89 0.43 4.08
v - - - -
\Y 1500 10.2 1.68 5.1

In each system sampling plots of 0.1 ha were marked. The understorey vegetation

data was recorded at fortnight interval from each sampling plot in each system.
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Observations

The observations were recorded for tree components, herbage vegetation and

nutrients in plants and soil from July, 2000 to October, 2000.

i) Tree Components
Height

The height of trees in different silvipastoral systems (pinec based silvipastoral
system and fodder trees based silvipastoral system) were measured using Spiegel

Relaskope while in Horticultural system it was measured with wooden rod with the help

of measuring tape.

Crown Height

The crown height of trees were determined from base of the trec upto mid point of
lowest green branch and the dead branch adjacent to it by using Spiegel Relaskope and in

Hortipastoral system it was determined with the help of measuring tape.
Density

Stand density is defined as the number of stems per unit area. Stand density was
calculated by counting the number of trees in 0.1 ha area of sample plot.

i) Herbaceous Vegetation Analysis

In each sample plot, herbaceous vegetation from five quadrates of size 50x50 cm
was harvested at ground level at fortnightly interval following Milner and FHughes (1968).
The sampling was done from July, 2000 to October, 2000 and the samples were utilized

for herbage analysis.
iii) Phytosociological Analysis of grasses

Phytosociological attributes of grasses in five different systems were cvaluated

from harvested samples. The samples were collected from five quadrates in each system
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at fortnight interval. The samples so collected were brought to the laboratory and washed
properly with running water and then segregated species wise. The individuals of each
species from different quadrates were counted separately and their basal area were
calculated following Phillip (1959). The Importance Value Index (IVI) for each site was
worked out by following the formula given by Misra (1969).

IVI=RF +RD +RB

where,;

Frequency of individual species

RF (Relative Frequency) = x 100
-Frequency of all species

Density of individual species
RD (Relative Density) = x 100
Density of all species

Basal area of individual species
RB (Relative Basal area) = x 100
Basal area of all species

Species Diversity

The species diversity was determined by using Shannon index of general diversity

following Margalef (1968).

Where,

T
I

= Shannon index of general diversity
ni = Importance value index of individual species

N = Importance value index of all the species



Similarity index

The similarity index of grasses between two systems was calculated by using the

following formula given by Margalef (1968).

2C

A+B

where,
S = Similarity index
A = Number of species in system |
B = Number of species in system II

C = Number of species common to both system I and 11

iv) Biomass estimation of herbage

The herbage samples brought to the laboratory for phytosociological sludy were
sorted out species wise and stored in different paper bags, dried in oven to a constant
weight at 80°C for 48 hours. After attaining a constant weight, each sample was weighed

for biomass estimation on top pan balance.

For estimation of belowground biomass, the roots from cach quadrate a monoliths
of size 25x25x25 cm was excavated with soil and was brought to the laboratory. The
roots were segregated species wise and washed in running water. The roots of different

grasses were kept in separate paper bags and dried in oven till a constant weight is
atlained at 80°C for 48 hours and weighed.

v) Nutrient analysis of herbage

The N, P, K, Ca and Mg concentration of different herbage species. present in

different systems sampled out at fortnightly intervals were determined by grinding oven
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dried samples used for biomass estimation from July, 2000 to October, 2000. The

common species in different quadrates in each system were mixed to make a composite

sample.

For estimation of P, K, Ca and Mg content in plant, 0.5 g of sample was digested
in 4:1 Nitro-perchloric acid (HNO,:HCIO,) mixture. In order to have a complele transfer
of digested material, three washings of digestion flask were given with distilled water and
final volume was made to 100 ml. P was determined by Vanado-molybdate yellow
colour method using Spectronic-20D. The K, Ca and Mg in the extract was determined
by atomic absorption spectrophotometer. For estimation of Nitrogen, 0.2 gram of plant
sample was digested In concentrated H,SO, using standard digestion mixture

K,SO,:CuSO, (3.5:0.4). After digestion, nitrogen was estimated in Kjcltec Auto 1030

Analyzer.

vi) Chemical Analysis of Soil

Collection of soil samples
The composite samples of soil from all the five systems were made by collecting
soil from top 25 cm depth during September. Approximately 1 kg of soil sample was

brought to the laboratory in polyethylene bags. These samples were air dried, brushed,

passed through 2 mm sieve and stored in cloth bags for chemical analysis.
Soil Analysis

Soil analysis was done to estimate organic carbon (%), bulk density, available
nitrogen, phosphorus and potassium (Kg/ha). The various methods used to determine

these parameters/nutrients are given in Table 2.
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Table 2.

Method for analysis of different soil parameters

Sr. No.

Parameter

Method employed

I

(]

(¥}

wn

Organic carbon (%)
Bulk density

Avatlable nitrogen (Kg/ha)

Available phosphorus (Kg/ha)

Available potassium (Kg/ha)

Walkley and Black method (1934)
Chopra and Kanwar (1970)

Alkaline potassium permanganate
method (Subbiah and Asija, 19506)

Olsen et al. (1954)
Merwin and Peech (1951) and

extract determined on flame
photometer
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Cliatter-F
EXPERIMENTAL RESULTS

The present investigation “Floristic and productivity variations among different
tree based pasture system vis-a-vis grasslands in temperate region™ was carried out at
Mashobra in district Shimla, H.P. during July 2000 to October 2000. The results thus

obtained are presented in this Chapter under the following headings:

4.1 Floristic composition and phytosociology of herbage
4.2  Productivity of herbage
4.3 Nutrient content of herbage

‘4.4  Physico-chemical properties of soil

4.1 FLORISTIC COMPOSITION AND PHYTOSOCIOLOGY OF HERBAGE

4.1.1 Floristic composition

A perusal of results on floristic composition (Table 3) of different trec based
pasture sysiems revealed that, in all, nine grasses viz., Heteropogon contortus, Themeda
triandra, Festuca rubra, Panicum maximum, Bromus incrmis Oplismenus compositus,
Chrysopogon montanus, Hemarthria protensa, Dactylis glomerata were recorded during
the study period. One fern : Adiantum sp. and two non-legumes : Artemisia vestita and
Thalictrum néurocarpmn were also recorded and grouped under miscellaneous species.
The presence or absence of a herbage species under different systems on different
sampling dates is shown in Table 3. It was evident from it that Dactylis glomerata was
recorded in system III, IV and V while ‘miscellaneous species’ were recorded mainly in
system II." Festuca rubra and Chrysopogon montanus were the most consistent in
occurrence at different sampling intervals in all the systems. However, maximum number

of species were recorded in July in all the systems.



4.1.2 Phytosociology of herbage

a) Density (tillers/m?)

Population strength of different grass species in five different systems is presented

in Table 4.

Natural grassland

The total population of vegetation in natural grassland revealed that it ranged
from 636.8 to 875.2 tillers/m? in different sampling dates. The scrutiny of data depicted
that total population strength decreased gradually from tst fortnight of July to 2nd
fortnight of October. Maximum population was recorded in 1st fortnight of July. The
contribution of Chrysopogon montanus, Festuca rubra and Panicum maximum 10 the
total density of vegetation was higher as compared to other species. In natural grassland
Festuca rubra exhibited highest density (500.0 tillers/m?) in Ist fortnight of August while
lowest density (28.0 tillers/im?) was recorded for Heteropogon contortus in 2nd fortnight

of October.

Pine based silvipastoral system

The total density of various grass épecies in pine based silvipastoral system
ranged from 505.2 to 732.8 tillers/m? at different sampling times. A perusal of data
depicted that total population strength decreased gradually from 1st fortnight of July to
2nd fortnight of October. Maximum population of vegetation was recorded in 1st
fortnight of July, similar to natural grassland. Festuca rubra, Chrysopogon montanus and
‘miscellancous species’l contributed maximum to the total density of vegetation. In this
system Festuca rubra exhibited highest density (374.0 tillers/m?) in 2nd fo.rlnight of
August while lowest density (40.0 tillers/m?) was recorded for Hemarthria protensa in

Ist fortnight of July. In general, the density of vegetation in this system was lower as

compared to other four systems.

24



Table 3.

(improved grassland). V (fodder trees based silvipastoral system) during the study period at different sampling intervals

Floristic cotuposition of diffcreat grass species in systems U (natural grasstand), tL (pine bhased sitvipastoval system), 111 (horti-pastaral systeam), WV

Ul y AUGUST
. st Fortnight 2nd Forimght Ist Fortmight 2nd Fortmight
Species < — - <
System System System System

] 1l v | Al i v ] 1l v v I )| it v \Y
Hetcropogon contorius + + + + - - - - - - - - - -
Themeda triandra - - - - - - - . + - + - - +
Fesweca nibra + + + + + + + + + + + + + + + +
Panicum maximum + + + + + + . + + - + + + + + +
Bromus incrmis - - - - - + + - - - - - - - -
Oplismenus compositus - - - + - - - - - - - - - - -
Chrysopogon montanus + + + + + + + + + + + + + + + +
Hemarthria protensa + + + . - . - . . - . - R N -
Dactylis glomerain - + + - - + + s + + + R - + + +
Adiantum sp. + . - + + + . + . + . . + + + .
Artemisia vestita + - - + - - - - . - - - - - .

. )
Thalictrum neurocarpum - - - - - - - + . - - R + - -
Total 7 6 6 7 4 6 4 5 4 5 4 4 5 5 6 4
S EMBER OCTOBE
Specics Ist Formight 2nd Fortight Ist Formight 2nd Fortnight
System System System System

I 1 v { 1l i v i\ 11 1\ Vv { i1 I v Vv
Heteropogon contortus - - + . - - - - . - - + - - -
Themeda triandra + - + . . + . . - . + - - -
Festuca rubra + + + + + + ¥ + + + + + + + + +
Panicum maximum + + . + + . . . . R . . - . R
Bromus inermis - . - . . + . . . R R . R . .
Oplismenus compositus - . + . . + + - . . + . - . . +
Chirysopogon montanus - - - + + . R . + . ; + + + + +
Hemarthria protensa - - - . B B - R . + . . . . .
Dactylis glomerata - + + - . + + . + + + . R + . +
Adiantum sp. + - . - + . . + _ . . . + . .
Artemisia vestita + - - - - . . + . . . . . R .
Thalictrum neurocarpum - - - . . . . ¥ ) . . . + . .
Total 5 3 ] 4 4 4 4 4 3 3 3 4 4 3 3 4




Table 4. Density of different grass species in systems 1 (natural grassiand), 11 (pine based silvipastoral system), 1 (horti-pastoral system), IV (improved
grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals
JuiLy AUGUST
Speci st Formght 2nd Fortnight I'st Fortmght 2nd lFortmight
pecics System Sysicm System Sysiem

! ] I v v 1 1 1 v v l I 1 v Vv l ] 1 v V
Heteropogon contortus 13840 2088 320 127920 12168 140.2 - - - - - - - -
Themeda triandra - - - - - 512 - 68.0 304
Festuca rubra 21440 2608 1328 1820 1000 2046 2386 2296 3592 2296 5000 3416 2024 3176 2118 3132 M40 2906 3552 2388
Panicum maximum 1460.4 51.2 456 1076 2460 148.6 30.0 - - 1160 882 98¢ - 66.2 736 976 1400 1400 24R0
Bronts incrmis 64.00 - - - 131.2 1888 - - - - - . - - -
Oplismenus compositus 84.00 - - - 153.6 20.6 - - - 103.6 - - - - - - - .
Chrysopogon montanus 1296 1720 1080 824 520 1704 1836 1200 117.2 2608 166.2 2494 1284 1484 2256 2748 2012 1782 1936 1906
Hemarthria protensa 98.4 40.0 123.2 4438 - - - - - - - - - - - - - - -
Dactylis glomerata . - 1992 700 824 - - 1264 1062 1202 - - 259.2 2252 ' 2120 - - 1544 1232° 1352
Miscellaneous - 19.2 - - - 13.6 19.6 13.6 - - 146 176 - 5.60 - - 144 192 368 -
Total 8752 752.0 6408 7960 6048 795.4 5904 6508 7714 7142 7968 6968 6886 7480 7176 7896 687.2 7824 879.2 8126

SEPTEMBER OCTOBER
Species I'st Fortnight 2nd Fortight I'st Formight 2nd Fortnight
System System System System

! 1 " v vV } i 1T v \% 1 1] I} v v | 1 1 v Vv
Heteropogon contortus 108.8 - - 88.0 - - - - R - - - - - . 28.0 - - - -
Themeda iriandra 166.8 1452 - 88.6 - 45.6 - - 47.2 - 141.6 - - - - 184.0 - - -
Festuca rubra 2756 2836 2632 13696 3108 307.2 3590 3428 4968 297.6 3104 311.2 3128 3368 976 2248 2400 1008 1488 1600
Panicum maximum 157.2 52.4 368 - - 3128 542 - - - 99.2 . - - . - . -
Bromus inermis - - - - - - - 320 . - - . - - - - - - -
Oplismenus compositus - - 772 2176 - - 49.6 496 1568 - - - . 100.0 - - 123.0
Chrysopogon montanus - - - 784  56.0 - - - 1050 - 1224 - - 2000 2412 1740 2064 1248
Hemarthria protensa - . . . . . } 81.6 } . R
Dactylis glomerata - - 2680 1648 2124 - - 1424 1424 1584 - - 1176 2436 3408 - - 2560 3004 1056
Miscellaneous - 1.6 - 38.0 . . . 44.8 . } . . 24.0 . . R
Toual 7084 5228 5680 7882 7408 7440 5072 5668 7360 612.8 656.2 3560 5528 6062.0 5384 636.8 5052 5308 6556 5144




Hortipastoral system

During the study period, total density of different grass species in hortipastoral
sysltem \ranged from 530.8 to 788.6 tillers/m? on different sampling dates. It was clear
from the data that total density of vegetation first increased from Ist fortnight of July to
Ist fortnight of August unlike natural grassland and pine based silvipastoral system,
thereafter, it decreased to lowest dc;xsity in 2nd fortnight of October. Festuca rubra,
Chrysopogon montanus and Dactylis glomerata contributed maximum to the total density
of vegetation. In hortipastoral system, Festuca rubra exhibited the highest density (342.8
titlers/m?) in 2nd fortnight of September. While, lowest density (30.0 tillers/m?) was
recorded for Panicum maximum in 2nd fortnight of July. In general, the density of
vegetation in this system attained lower values than system I, IV and V but more than

- system II during different sampling dates.

Improved grassland

The total density of different grass species in impraved grassland ranged from
655.6 to 879.2 tillers/m? on different sampling dates. It was evident from the data that
total density of community vegetation increased gradually from Ist fortnight of July to
2nd fortnight of August thereafter, it decreased similar to the case as in hortipastoral
system which was different from natural grassland and pine based silvipastoral systems.
Maximum population was recorded in 2nd fortnight of August. Among the individual
grass species Festuca rubra, Chrysopogon montanus and Dactylis glomerata contributed
maximum to the total density. Festuca rubra exhibited highest density (496.8 tilers/m?) in
2nd fortnight of September while the lowest density (44.8 tillers/m?) was recorded for
Hemarthria protensa in 1st fortnight of July. In general, population strength of vegetation

in this system was higher than systems II, III and V during different sampling dates.

Fodder trees based silvipastoral system

During the study period total density of different grass spccics in this system

ranged from 514.4 to 812.0 tillers/m2 It was recorded that total density increased
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gradually from Ist fortnight of July to 2nd fortnight of August then it decreased similar to
hortipastoral system and improved grassland but different from natural grassland and
pine based silvipastoral systems. The maximum total density was recorded in 2nd
fortnight of August. Among the individual species, Festuca rubra, Oplismenus

compositus  and Dactylis glomerata contributed maximum to the total density of

vegetation. Festuca rubra exhibited the highest density as 310.8 tillers/m? in st fortnight
of September. Lowest density (52.0 tillers/m?) of individual grass was exhibited by
Chrysopogon montanus 1n 1st fortmight of July. In general, population strength of

vegetation in this system was higher than systems II and III but lower than systems 1 and

V.

b) Basal area (cm¥/m?)
The variation in basal area of different grass species in different systems is

presented in Table 5.

Natural grassland

The total area of different grass species in natural grassland ranged from 82.72 to
111.96 cm/¥m?* on different sampling dates. The data explicated that total basal area of
community vegetation increased gradually from 2nd fortnight of July to 2nd fortnight of
August thereafter it decreased gradually. Three species viz. Festuca rubra, Panicum
maximum and Chrysopogon montanus were major contributors to the total basal area of
vegetation. Among the individual grass species, Festuca rubra exhibited highest basal
area (50.43 cm*m?) in 1st fortnight of August while lowest (14.33 cm?m?) basal area was
recorded for Oplismenus compositus in 2nd fortnight of July. In gencral the total basal

area of the vegetation in this system was higher than systems II and II], but fower than 1V

and V.

Pine based silvipastoral system
The total basal area of different species in this system fluctuated between 52.33 to

104.14 cm¥m? on different sampling dates. It was recorded that the total basal area of
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Table 8,

grassland), V (fodder trees based sitvipastoral system) during the study period at different sampling intervals

Basal arca of diflerent grass species in systems | (natural grassiand), 1t (pinc based silvipastoral system). 111 (horti-pastoral system). 1V (improved

JULY AUGUSNT
Species Ist Fortnight 2nd Fortmght Vst Forinight - 2nd Forumght
) ’ System Systern - System - System
{ I i WV Vv ] 1 nm (Y Vv 1 i I v Vv l n (] WV v
I$eteropogon contorus 17.84 2580 737 2989 9892 18.06 - . _ _ - i
Themeda triandrn - - - - - - - 20.34 - 22,17 12.47
Festuca rubra 23.71 2943  17.87 2089 1514 2307 2648 2578 3295 1533 S0.43 3883 28.19 3499 2978 3983 41.07 31.08 3784 3038
Panicum maximum 1919 1743 886 1502 25.14 2134  BGS - 1529 133.18 19.12 14.47 1687 1963 2094 2115 3367
Bromus inermis 12.17 - - - - - - 18.88 21.36 - - - - - - -
Oplismenus compositus 10.93 - - - 19.78 3.84 . . . 14.33 R . ] . . ) ) )
Chrysopogon montanus 1685 2169 1429 10612 1739 2562 1898 1524 14386 2638 23.87 2423 18.8) 21.48 23.45 2915 2071 26.33 2968 2887
Hemarthria protensa 11.27 8.39 16.18 898 - - - - - - - - - - .
Dactylis glomerata 2313 1294 1524 - - 17.43 1438 16.93 - - 27.33 24.[3‘ 2218 . 20.19 17.48 19.65
Miscellaneous - 1.40 - - - 1.28 1.38 1.23 - - 149 210 - 1.15 - - 145 215 124 L
Total 11196 10434  B77 95836 8947 97.01 6818 B87.21 8355 8297 89.59 7624 9347 10209 89.88 108.02 82.88 10069 12186 112.57
SEPTEMBER . OCTOBER e
: Ist Fortnight 2nd Formight ) st Fortnight 2nd Fortnight
Species System System System System . .
\ 11 1] v Y 1 " [l v Vv 1 11 1l v Vv 1 (] i
Heteropogon contortus 15.87 - - 12.13 - . . - . . . i, . - - 9.15 . - - -
Themeda iriandra 19.95 17.53 - 12.48 - 16.18 - - 16.97 16.15 - - - - 19.87 - - - -
. 21.65
Festuca rubra 3452 3667 3518 4793 139.16 39.32 4564 4213 4887 36.84 39.62 41.1S 4265 4415 1532 2575 27.67 1525 1947 21
Panicum maximum 2417 15.13 8.95 - - 34.16 15.83 - - - 18.35 - - - -
Bromus incrmis - - - - - - . 809 . . - . - - - -
4 - - - 14.18 - . - - 17.18
Oplismenus compositus - 1097 2295 - 8.1 8§17 181 - 0 1925 1695
2795 2589 25 . .
Chrysopogon montanus - - - - 998  7.14 - - 14.29 16.87
- . . 12.95 - - - - -
Hemarthria protensa - - - - - - -
54 4227 - 2795 3185 1495
Daciylis glomerata - 28.83 2417 22.62 - 19.94 2015 2215 - 16.67 28.5 2
Miscella 9.18 697 - - <118 - - - 19 - -
iscellancous . - - .
7 272 6095 6898 80.57 70.73
Total 94.51 78.51 7296 10708 84.73 9964 75.58 7827 9416 7713 8881 5233 7619 R6.64 717 8




community increased gradually from 2nd fortnight of july to 2nd fortnight of August,
similar to the changes recorded for basal area of vegetation in natural grassland the
individual grass species Festuca rubra, Panicum maximum and Chrysopogon gryllus
were the major contributors to the total basal area of community. Festuca rubra
exhibited the highest basal area (45.64 cm¥m?) in 2nd fortnight of September, while
lowest (7.14 cm¥m?) was recorded _for Chrysopogon montanus in 2nd fortnight of

September. In general the basal area of vegetation In this system was lower than all other

systems.

Hortipastoral system

During the study period the total basal area of different species varied from 68.98
~to 100.69 cm¥m? on different sampling dates. It was evident from the data that total
basal area increased gradually from 2nd fortnight of July to 2nd fortnight of August,
thercafter, it decreased gradually. Similar to natural grassland and pine based silvipastoral
system. Maximum total basal area of community vegetation was recorded in 2nd
fortnight of August. The contribution of Festuca rubra, Chrysopogon montanus and
Dactylis glomerata to the total basal area of vegetation was higher as compared to other
species. In this system Festuca rubra exhibited the highest basal area 42.65 cm¥m?) in
Ist fortnight of October while Hetéropogon controtus attained the lowest (7.37 cm?¥m?)
basal area in 2nd fortnight of September. In general, the basal area of vegetation in this

system in lower than system I, IV and V, but more than system I1.

Improved grassland

The total basal area of different species in this system fluctuated between 80.57 to
121.86 cm¥m? on different sampling dates. It was evident from Table 5 that total basal
area of‘vegetation increased gradually from first fortnight of July to 2nd fortnight of
August, thereafter, it decreased similar to the case of natural grassland and pine based
silvipastoral and hortipastoral systems. Maximum total basal area of vegetation was
recorded in 2nd fortnight of August. Festuca rubra, Chrysopogon montanus and Dactylis

glomerata were major contributor to the total basal area of vegetation. Among individual
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: /m?) in 2nd
grass species, Festuca rubra exhibited the highest basal area (48.87 cm¥/m) in 2n
fortnight of September while lowest basal area (8.17 cm*/m?) was recorded for
Oplismenus compositus in 2nd fortnight of September. In general, the basal area of

vegetation was highest in this system than all other systems.

Fodder tree based silvipastoral system

The total basal area of different grass species in this system ranged from 79.73 to
112.57 em¥m? on different sampling dates. [t was recorded that total basal area of
vegetation increased gradually from 2nd fortnight of July to 2nd fortnight of August,
thereafter, it decreased similar to all other systems. Festuca rubra, Oplismenus
compositus and Dactylis glomerata were the major contributors to the total basal area of
vegetation. Among individual grass species, Dactylis glomeratua attained the highest
basal area (42.27 cm¥m?) in 1st fortnight of October while the lowest basal area (14.18
cm*/m?) was recorded for Oplismenus compositus in 1st fortnight of October. In general,
the basal area of vegetation in this system was higher than systems I, II and III on

different sampling intervals.

c) Frequency

The total frequency of different grass species in different systems is presented in
Table 6.

Natural grassland

The total frequency of different grass species in natural grassland on different
sampling dates ranged from 2.20 to 3.00. It was clear from the data that maximum total
frequency was recorded in 1st fortnight of September. Irregular increase and decrease in
total frequency of vegetation in subsequent sampling intervals was observed during the

study period. Festuca rubra was universally present on each sampling date while

‘miscellancous species’ were rarely present. In general, system I showed the higher total

frequency of vegetation than system II, III and IV but, lower than system v
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Table 6. Frequency of different grass species in systems 1 (natural grasstand), Il (pinc bascd silvipastoral system), 111 (horti-pastoral system), 1V (limproved
grassfand), V (fodder trees based silvipastoral system) during the study period at different sampling intervals
JULY AUGUNSNT
. 1st Fortmght 2nd Fortpigt st Fortmight 2nd FFortmght
Species System System System System
1 " Hl v 1 1] 11 v Y 1 1] 1l v Y l 1 Hi v Y
Hcteropogon conlorius 0.0 0.8 04 0.8 0.6 04 - .- - - - - - - . - .
Themeda triandra - - - - - - - - - - - - 04 - 04 - .04 -
Festuca rubra 08 0.6 0.6 0.6 04 0.8 038 04 08 1.0 1.0 0.8 0.6 1.0 1.0 08 0.6 0.6 1.0 1.0
Panicum maximum 0.4 0.6 0.2 0.6 - 0.6 0.6 04 - - 04 0.4 0.2 04 0.4 08 02 0.6 0.6
Bromus inermis 0.2 - - - - - - 0.4 0.6 - - . - - - - - - - -
QOplismenus compositus 04 - - - 0.6 0.2 - - - 0.6 - - - - - - - - -
Chrysopogon monianus 0.2 04 04 0.2 0.6 04 0.6 0.6 0.8 1.0 0.6 0.2 0.4 04 08 0.6 04 0.4 0.4 0.6
Hemarthria protensa 0.2 0.4 0.6 04 - - - - - - - - - - - - - - -
Dactylis glomerata - - 0.6 0.2 06 - 0.6 0.6 0.6 08 - - 0.6 0.8 0.6 - - 0.8 0.4 0.6
Adianthus sp. - 0.2 - - - 0.2 - 0.2 - - 04 0.2 - 0.2 - - 0.2 0.2 04 -
Artemisia vestila - 04 - - - 0.2 - - - - - . - - - - - . - .
Thalictrum - - - . - - - - - - . 0.2 . . - - 0.2 - - -
neurocarpum
Total 2.80 340 280 2.80 2.80 2.80 240 260 280 3.40 240 180 - 180 280 280 220 220 220 320 2380
SEPTEMBE OCTOBER
Species 1st Fortnight 2nd Fortight 1st Fortnight 2nd Fortnight
System System System System
| 1] M v v 1 1l 1 v \Y I 1l 1 v \Y 1 11 n I\ A
Heteropogon contortus 0.6 - . 0.2 - - - - - - . - - . . 0.2 . . - -
Themeda triandra 08 0.6 - 0.4 - 0.4 - - 0.4 - 0.8 - - - - 08 - - - -
Festuca rubra 0.6 08 1.0 0.8 1.0 1.0 1.0 1.0 1.0 1.0 0.8 1.0 1.0 0.2 0.2 0.8 04 1.0 0.4 0.6
Panicum maximum 1.0 0.2 04 - - 1.0 04 - - - 0.4 - - - - - - - - -
Bromus inermis - - - . - - - 04 - . . - - N - - - - -
Oplismenus compositus - - 0.4 08 - 0.2 0.2 1.0 - - - 0.8 - - - - 0.8
Chrysopogon montanus : . : 04 04 - . 04 - 02 - - 06 08 02 06 08
Hemarihria protensa - - . . - - N - - . . - 04 - . - - - -
Dacylis glomerata - - 10 08 10 - - 10 08 1.0 - - 0 10 19 - 10 10 08
Adianihus sp. - 0.4 - . N 0.2 _ _ ~ 0.2 . _ i} 0.2 R . R
Artemisia vestiia 04 - - - N - . - 0.4 - - - - - -
Thalicirum . . - . 04 - - 0.2 - - -
neurocarpum
T
oai 3.00 2.40 240 260 2.80 2.80 200 260 240 3.00 240 200 220 160 200 240 160 220 200 300




Pine based silvipastoral system

The total frequency of different species in this system on different sampling dates
fluctuated between 1.60 to 3.40. It was evident from the data given in Table 6 that total
frequency of vegetation was maximum in lIst fortnight of July similar to the case of
natural grassland. Festuca rubra and ‘miscellaneous specics’ were universally present in
the system, while Heteropogon contortus was rarely present in system. In general this

system showed the lowest total frequency of vegetation.

Improved grassland

It was evident from the data given in Table 6 that the total frequency of grass
~species in this system on different sampling dates ranged from 1.60 to 3.20. A perusal of
data revealed that total frequency did not vary much throughout the study period. Among
the individual grass species, ‘Festuca rubra and Dactylis glomerata were recorded
consistently, In general, the frequency of vegetation in this' system was lower than

systems [ and V but higher than systems II and III.

Hortipastoral system

The total frequency of different species in hortipastoral system on diffcrent
sampling dates ranged from 1.80 to 2.80. A scrutiny of data given in Table 6 revealed
that total frequency was maximum in 1st fortnight of July similar to natural grassland and
pine based silvipastoral system. Among individual grasses, Dactylis glomerata was
universally present in all sampling dates while Oplismensus compositus was rarcly
present. In general, the total frequency of vegetation was lower than systems 1, [V and V

but higher than system II.

Fodder trees based silvipastoral system

The data given in Table 6 showed that the total frequency of grasses in this
system varied from 2.00 to 3.40. It also revealed that the maximum fotal frequency was

recorded n 2nd fortnight of July; while in natural grassland, pinc basced stlvipastaoral

33



- i . In improved
system and horticultural system, it was recorded in 1st fortnight of July. In1mp

, increase and decrease in
grassland it was recorded in 2nd fortnight of August. Irregular increase 2

ystem during the study period. Among individual

total frequency was noticed in this s

: ; iversally present.
grass species, Oplismenus composius and Dactylis glomerata were unt yp

In general, the total frequency of vegetation in this system was highest than all other

systems.

d) Importance value index

Number values of importance value index (IV1) attained by different species and

their dominance in different systems have been presented in Table 7.

Natural grassland

The fortnightly variations in IV values of different species in nalural grassland
did not show particular trend. A scrutiny of data giver; in Table 7 revealed that Festuca
rubra attained highest IVI as 157.79 in 1st fortnight of August. Among lhe grasses,
Festuca rubra, Panicum maximum and Chrysopogon montanus registered higher 1VI

values than other species showing their dominance over other species.

Pine based silvipastoral system

The perusal of data on 1VI values of different specics revealed that in ping based
silvipastoral system Festuca rubra, Chrysopogon montanus and misccllancous specics

regisiered higher 1VI values than other species showing their dominance in the system.

Hortipastoral system

The fortnightly variations in IV values of different species in this system given in
Table 7 revealed that highest IV values was altained by Festuca rubra (158.01) in 2nd

fortnight of October. Festuca rubra and Dactylis glomerata were dominant and
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Table 7. VI of different grass specices in systeins I (natural grassland), IF (pine based silvipastoral system), H1 (horti-pastoral svstem), 1V (improved grassiand),
V (fodder trees based silvipastoral system) during the study period at different sampling intervals

JULY AUGUST
Species Ist Fortnight 2nd‘F0nmghl Ist !-onmght 2ml‘l-urln|gh(
System System System System

| 11 i1 v \" | 1l 1 v \" | I 11 v \" | 1 il v \
Heteropogon contortus $3.17 7679 27.68 9403 81.78 50.54 - - - - - - - - -
Themeda triandra - - - - - - - - - - 41.05 - 47.31 - 26.19
Festuca rubra 74.25 81.500 4824 6927 4173 78.08 11255 8592 117.22 92.09 157.79 143.02 89.15 11244 98.63 120.80 131.21 113.46 102.70 92.11
Panicum maximum 48.46 41.38 2436 50.22 - 92.55 8047 2223 - - 48.02 S51.68 34.06 - 39.61 4312 7424 47.77 5202 8190
Bromus inermis 25.14 - - - - 50.50 70.36 - - - - - - .
Oplismenus compositus 33.64 - - 67.08 13.68 - 4935 - - - - R - - .
Chrysopogon montanus 36.99 56.06 40.28 28.32 4946 62.12 8396 5698 5499 97172 80.07 77.83 S58.65 5517 86.12 89.07 7239 67.10 5887 70.54
Hemarthria protensa 2847 2528 59.10 29.05 . - . . - - . - - - - - -
Dactylis glomerata - - 7891 29.08 52.09 - - 60.48 5143 60.74 - - 95.44 8232 8457 - - 76.15 66.86 55.55
MisccHaneous - 21.59 - - - 1733 22,02 11.21 - - 20.12 27.44 - 9.02 - - 2196 1370 19.36 -

SEPTEMBEHR OCTOBEHR
Specics 1st Fortnight 2nd Formight 1st Fortnight 2nd Formight
Systemn System System System

] n 1] v v 1 ] 1l v v 1 1 1 1} Vv 1 1 I v v
Heteropogon contortus 52.15 - - 30.11 . . . - . . - . . . . 23.78 . - - -
Themeda triandra 71.33 75.10 - 38.21 - 36.66 - - 41.10 - 73.09 - - - - 86.24 - - - -
Festuca rubra 74.25 13428 112.04 122.17 12388 124.40 181.30 152.77 166.36 129.65 125.24 216.05 158.01 112.13 4947 99.77 11790 86.55 6685 81.71
Panicum maximum 11316 3159 29.30 . 11203 5165 - - . 5290 - . - ) . . -
Bromus inermis - R - . . . R 31.36 R . N - . R _ R . . _ .
Oplismenus compositus - - 3535 85.03 - 2680 23.74 R2.44 - - - 78.33 - - - 75.06
Chrysopogon montanus - - - 3480 4051 - - 48.77 - 53.38 - - 90.21 140.22 79.25 97.78 7488
Hemarihria protensa - . . R _ i} R $2.89 _ } B _ B
Dactylis glomerata - - 13436 74.16 91.09 . 88.07 7409 8791 - - 8861 13498 17220 - 134.20 13537 68.35
Miscellaneous - 5299 - 2674 - . - 8395 - - . 4288




codominant grasses which registered higher IVI values than other species encountered in

this system.

Improved grassland

The fortnightly variation in IVI values of different species in improved grassland
in Table 7 revealed that the highest IVI value was attained by Festuca rubra as 166.36 in
2nd fortnight of September and was the dominant species in this system, while second
highest IVI value as 142.34 was recorded for Dactylis glomerata in 1st fortnight of

October and was the codominant species in the system.

Fodder trees based silvipastoral system

The fortnightly variation in IVI values of different grass species in this system is
presented in Table 7 which revealed that highest IVI value as 172.20 was attained by
Dactylis glomerata in 1st fortnight of October and was the dominant species, while the
second highest value of IVI was recorded as 129.65 for Festuca rubra in 2nd fortnight of

September.

e) Shannon’s index of species diversity

The fortnightly variation in species diversity of five different systems is shown in
Table 8. The Shannon’s index of species diversity ranged from 0.5058 to 0.8163 in
natural grassland, 0.2573 to 0.6771 in pine based silvipastoral system, 0.4254 to 0.7199
in hortipastoral system, 0.4485 to 0.7277 in improved grassland and 0.4195 to 0.6872 in
'fodder_tree based silvipastoral system. The highest value for specics diversity in all the
systems was recorded in 1st fortnight of July, thereafler, it decreased till October. The
average values of Shannon’s diversity index of different systems were, 0.6068, 0.5022,
0.5314, 0.5870 and 0.5514 for natural grassland, pine based silvipastoral system,
hortipastoral system, improved grassland and fodder trees based silvipasloral system,

respectively.  Among different systems highest average Shannon’s index of species
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diversity (0.6068) was recorded for natural grassland, while lowest (0.5022) was recorded

for pine based silvipastoral system.

f Similarity index of different species

The fortnightly variations in similarity index of species in different syslems 1s

shown in Table 9a. The values for similarity index for different combinations at different
fortnights has shown an increasing trend upto 2nd fortnight of August, thereafter, it
decreased in subsequent sampling dates. Similarity index among different systems during
study period is shown in Table 9b and highest value 0.93 was recorded for improved

grassland and hortipastoral system.

4.2 BIOMASS PRODUCTION OF DIFFERENT SYSTEMS

4.2.1 Aboveground biomass

Total aboveground biomass (g/ha) of different systems during the study period is

presented in Table 10.

Natural grassland

The total aboveground biomass of different species in natural grassland on
different sampling dates.varied from 20.07 to 32.23 g/ha. It was recorded that total
aboveground biomass during the study period increased gradually from Ist fortnight of
July to 1st fortnight of September, thereafler, it decreased. The highest total aboveground
biomass (32.23 g/ha) was recorded for 1st fortnight of Scptember, while the lowest total
aboveground 'biomass (20.07 g/ha) of community was recorded for 2nd fortnight of July.
Festuca rubra, Panicum maximum and Chrysopogon montanus Were .the major
contributors 1o the total aboveground biomass of community. Performances of individual
species revealed that Festuca rubra avained the highest (13.83 g/ha) abovcground
biomass in Ist fortnight of Scplember while Heteropogon contortus exhibited minimum
(0.66 q/haj above ground biomass in 2nd fortnight of October. In general, the total

aboveground biomass in this system was lower than systems III, IV and V but, higher

than system II.
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Table 8. Shannon’s index of species diversity in system I (natural grassland), Il (pine based silvipastoral system), IH (horti-pastoral system), [V

(improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals

System JULY AUGUST SEPTEMBER OCTOBER

I* fortnight 2™ formight  1* fortnight 2" fortnight  1* fortnight 2" fortnight 1% fortnight 2™ fortnight Mean
I 0.8163 0.7141 0.5058 0.5630 0.5896 0.5382 0.5687 | 0.5587 0.6068
I 0.6771 0.5508 0.5318 0.5390 0.5526 0.4745 0.2573 0.4344 0.5022
HI 0.7199 0.6466 0.5605 0.4990 0.4254 0.5016 0.4364 0.4646 0.5314
vV 0.7277 0.5734 0.6128 0.7443 0.6223 0.4972 0.4485 0.4597 0.5870

\' 0.6872 0.5853 0.5853 0.5947 0.4708 0.4677 0.4195 0.6010 0.5514




Table 9a.

Similarity index hetween system 1 (natural grassiand). 11 (pine based silvipastoral system), HI (horti-pastoral system), IV (improved grasstand), V
(fodder trees based silvipastoral system) during the study period at different sampling intervals

J ULy AUGUST
Systermn Ist Forunght 2nd Fortmight Ist Fortnight 2nd Fortnight
Y System
1 11 i v v i il 1] v A\ 1t 1l iv A\ 1 I 1] v v
| 0.71 077 0.77 0.50 073 061 036 0S5 067 075 044 0.75 067 067 080 0.78
" 077 077 0.50 080 050 0.50 067 060 067 080 073 067
i 1.00 070 080 0.60 067 100 09t 088
v 0.55 0.75 0.67 0.80
v
SEPTEMBER OCTOBER
System 1st Fortnight 2nd Formight 1st Fortight 2nd Fortnight
System
| i 1 v Vv | l 11 v Y 1 ] v v | I 1] v Y
I 0.67 0.57  0.67 0.29 075 025 050 029 025 057 029 029 0.50 029 029 050
| 050 040 025 0.25 0.25 0.29 029 029 029 057 057 050
il 050 067 075 086 033 033 100 08S
v 0.75 0.86 0.33 0.85
\"

Table 9b. Similarity index in different system during the study period

System 1 1] \Y vV

| 074  0.7] 078  0.63
] 0.75 0.71 0.53
1 0.93 0.77
v 0.7



Table 10. The variation in above ground biomass (q/ha) of different grass species in systems I (natural grassiand), 11 (pine based silvipastoral system), 111

horti-pastoral system). 1V (improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals
i ) } P \ )

JULY AUGUST

Specics 1st Forinight : 2nd Fortnight st Fortnight 2nd Fortmight
Ppectes System System System System

| Il I Y Y I Tl t v Y 1 ] "I v Y 1 " i v Y
Heteropogon contortus in 6.28 230 1046 893 4.56 - - - - - - - - - - -
Themeda triandra - - - - - - - - - - - - |.46 31.50 2.78 -
Festuca rubra 408 491 3.38 6.17 5.63 6.19 7.54 7.51 10.71 7.91 8.92 6.46 5.39 8.77 8.91 1008 11.22 1384 1384 1398
Panicunm maximum 2.18 1.30 1.43 208 - 452 268 1.37 - - 752 412 5138 - 7.06 752 559 593 677 898
Bromis inermis 1.59 - - - - - - 4.40 7.50 - - - - - - - - - - -
Oplismenus compositus 2.28 - - - 5.16 1.73 - - 6.18 - - - - - - - - - -
Chrysopogon montanus 4.90 4.48 4.01 .96 1.36 315 386 2.81 4.30 7.89 463 6.01 363 457 7.8 913 634 658 643 554
Hemarthria protensa 1.65 1.15 5.63 2.68 - . . . . . . . . . . - - - -
Dactylis glomerata - - 534 202 373 - . 657 457  6.62 . - 1267 1029 10.78 - - 827 7.9 837
Miscellaneous - 0.53 - - - 0.32 0.34 0.37 - - 368 1.95 - 1.93 - - 2.09 149 1.78 -
Total 20.45 18.65 2209 25.57 2481 2007 14.42 23.03 27.08 28.60 2475 18.54 27.07 2702 3393 30.23 2524 36.11 38.79 36.87

SEPTEMBER OCTOBER
Species Ist Fortnight 2nd Fortnight Tst Formight : 2nd Fortmight
System System System System

! I 111 v Y [ 11 i v \Y { 11 mn v Y 1 ] 11 v 1Y
Heteropogon contortus 2.70 - - 384 - - - . - . . - - - - 0.66 - - - -
Themeda triandra 492 3.69 - 2.09 - 1.38 - - 1.75 - 8.97 - - - - 4.53 - - - -
Festuca rubra 13.83 11.13 1220 14.56 14.36 14.86 l4,93‘ 21.42 1949 1298 1428 1685 1757 1328 458 11.01 8.54 7.31 6.54 6.16
Panicum maximum 10.78 7.68 2.04 - - 14.71 415 - - 2.54 - - . . . . . . N
Bronus inermis - - - . . 3.05 R . . . _ N . . R . -
Oplismenus compositus - - 3.44 7.39 - - 495 2.15 8.76 - - . R 4.49 - . - - 6.18
Chrysopogon montanus - - - - - 395 260 . - . 2.53 - 3.79 866 855 646 693 383
Hemarthria protensa . . . . - . ) ) ) ) ) ) 973 } i A A ;
Dactylis glomerata - - 2307 17.06 16.43 - 10.86 1869 1384 - - 9.12 14.583 2048 - - 1274 1481 8.19
Miscellaneous - 223 . _ . 1.76 B R ) R 367 _ ) R 161 . R R
Total 32.23 2473 37.31 4049 18.18 3490 2343 4028 4208 35.58 2830 19.52 13048 37534 2955 2486 18.70 26.51 28.28 24136




Pine based silvipastoral system

The total aboveground biomass of different species in pine based silvipastoral
system on different sampling dates fluctuated between 14.42 to 25.24 g/ha. A scrutiny of
data given in Table 10 revealed that the total aboveground biomass increased upto 2nd
forinight of August, thereafter, it decreased gradually similar to natural grassland. The
maximum total aboveground biomass (25.24 g/ha) was recorded in 2nd fortnight of
August. Festuca rubra, Chrysopogon montanus and ‘miscellancous specics’ contributed
maximum to the total aboveground biomass of community. Among grasses, Festuca
rubra exhibited the maximum aboveground biomass (14.93 g/ha) in 2nd fortnight of
September while, the lowest (1.15 g/ha) aboveground biomass was recorded for
Hemarthria protensa in lst fortnight of July. In general, the total aboveground biomass

was more than systems I and II but, lower than systems IV and V.

Improved grassland

The total aboveground biomass of different species in this system fluctuated
between 27.02 to 42.08 g/ha on different sampling dates. It was evident from the data
that total abo;/eground biomass increased from lst fortnight of July to 2nd fortnight of
September, thercafler, it decreased, similar to natural grassland, pine based silvipastoral
and hortipastoral systems. Festuca rubra, Chrysopogon montanus and Dactylis
glomerata were the major contributors to the total aboveground biomass on different
sampling dates. Among grasses, Festuca rubra altained highest aboveground biomass
(19.49 g/ha) in 2nd fortnight of September, while Thumeda triandra attained lowest (1.46
g/ha) aboveground biomass in 1st fortnight of August. In general, the total aboveground

biomass in this system was higher than systems I, II and III but, lower than system V.

Fodder trees based silvipastoral system

The total aboveground biomass of different species under this system on different

sampling dates varied from 24.36 lo 36.87 g/ha. It was clear from the Table 10 that the
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s increased gradually from 1st fortnight of July to 2nd fortnight

total aboveground biomas '
ased similar to all other systems. The highest total

of August, thereafter, it decre

aboveground biomass (36.87 g/ha) was recorded in 2nd forinight of August. Festuca

: tylis glomeratad Were
rubra, Oplismemus compositus, Chrysopogon montanus and Dactylis glo

the major contributors to the total aboveground biomass. ~Among grasses, Dactylis

glomerata attained the highest (20.48 g/ha) aboveground biomass in 1Ist fortnight
October, while, lowest (1.25 g/ha) aboveground biomass was recorded for Chrysopogon

montanus in 1st fortnight of July. In general, the total aboveground biomass in this

system was highest than all other systems.

4.2.2 Belowground biomass

The total belowground biomass in different systems on different sampling dates

have been presented in Table 11.

Natural grassland

The total belowground biomass different species in natural grassland sampling
dates revealed that the total belowground biomass increased gradually from 1st fortnight
of July to 2nd fortnight of August, thereafler, it decreased. Festuca rubra, Panicum
maximum and Chrysopogon montanus were the major contributors to the total
belowground biomass. Among grasses, Festuca rubra attained the highest (4.68 g/ha)
belowground biomass in Ist fortnight of September, while lowest (0.21 g/ha)
belowground biomass was recorded for Hemarthria protensa in 1st fortnight of July. In

general, the total belowground biomass in this system was lower than systems 111, IV and

V, but higher than system II.

Pine based silvipastoral system

The total belowground biomass of different species in this system varied from
5.43 10 11.55 g/ha on different sampling dates. It was imperative from the data that the

total belowground biomass increased from 2nd fortnight of July to 2nd fortnight of
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Table 11.  The variation in below ground biomass (g/ha) of ditferent grass species in systems 1 (natural grassland), 11 (pine based silvipastoral system), 111
(horti-pastoral system), IV (improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals
J UL AYUGUNT

Species Ist Fartnight 2nd Fortnight 1st Forinight 2nd Fortnight
ope System System System System

1 0 1L v Y [ 1l i v v [ 1l m_ Y [ ] 11 v Y
Heteropogon contortus 0.90 1.94 059 356 2.84 1.39 - - - - - - - -
Themeda triandra - - - - - 0.46 1.28 1.12
Festuca rubra 2.40 234 167 283 223 324 32 303 13179 292 396 362 254 335 1349 409 487 49 491 497
Panicum maximum 0.63 0.59 066 0.60 1.22 097 0.65 348 138 212 332 332 204 229 285 313
Bromus inermis 0.57 - : - - - 1.74 294 . R . . . . -
Oplismenus compositus 0.70 - - - 220 - - - 2.50 - - - - - - - - -
Chrysopogon montanus 1.98 1.69 142  0.72 0.57 0.98 1.29 097 203 4.29 180 359 136 448 302 456 383 212 208 193
Hemarthria protensa 0.21 043 2.67 0.84 - - - - . - . - - - - - -
Dacrylis glomerata - - 1.85 0.74 1.27 - - 207 242 213 - - 443 473 252 - - 330 316 336
Miscellaneous - 0.06 - - - - 0.05 0.09 - - 127 0.65 - 0.61 - - 0.81 0.71 059 -
Total 7.39 7.05 886 929 9.11 6.83 543 B85S 1018 11.84 1051  9.24 1045 13.63 1235 1325 11.55 1291 1468 1339

SEPTEMBER OCTOBER
Species 17 Fortnight 2nd Formight Ist Formight 2nd Fortnight
System System System System

1 l 1l v v 1 I 1 v Y 1 Il ] v v [ il i v \
Heteropogon contortus 0.69 - - 1.19 - - - - - - - - - - 0.26 - - - -
Themeda triandra 2.49 1.81 - 0.56 - 0.61 - - 0.92 - 4.26 - - - 1.32 - - - -
Festuca rubra 4.68 3.14 3890 422 4.36 4.52 4.65 5.63 5.34 4.06 394 435 624 390 219 423 332 296 378 248
Panicum maximum 4.29 2.26 0.93 - - 431 1.84 - - 1.53 - - - - - - -
Bromus inermis - - - - - 1.21 . - . - - . - - - - - -
Oplismenus compositus - - - 141 2.26 - 1.66 147 28I - - -2 - - 096
Chrysopogon montanus - - - 1.72 1.12 - - 1.11 - 1.77 - 395 331 287 116 1.89
Hemarthria protensa . - - . R R - . . . 3.95 R . R . .
Dactylis glomerata - - 7.36 5.38 487 - 3.81 5.41 4.57 - - 330 451 6.39 - - 423 506 284
Miscellaneous 0.51 - - - 0.70 - - - 1.41 - - 0.47 -
Toul 12.15 7.72 12,18 1276 11.49 11.16 831 1231 1314 1144 1084 576 1131 1236 10.69 976 7.10 10.06 1200 8.17




August, thereafier, it decreased similar to natural grassland. Festuca rubra, Panicum
maximum and ‘miscellancous species’ were major contributors to the total belowground
biomass of community. Among grasses, Festuca rubra exhibited the highest (4.87 g/ha)
belowground biomass in 2nd fortnight of August while lowest (0.43 g/ha) belowground
biomass was recorded for Hemarthria protensa in 1st fortnight of September. [n general,

the total belowground biomass in this system was lowest than all other system.

Hortipastoral system

The total belowground biomass of different species in hortipastoral system on
different sampling dates varied from 8.55 to 12.91 g/ha. It was recorded that there was a
gradual increase in belowground biomass from 1nd fortnight of July to 2nd fortnight of
Augusl, thereafter,it decreased similar to natural grasSland and pine based silvipastoral
system. Festuca rubra, Chrysopogon moutanus and Dactylis glomerata contributed
maximum to the total belowground biomass of community. Among grasscs, Festuca
rubra exhibited the highest (6.24 g/ha) belowground biomass in 1st fortnight of Oclober
while lowest (0.59 @/ha) belowground biomass was recorded for Heteropogon contortus
in 2nd fortnight of July. In general, the total belowground biomass of this system was

lower than systems IV and V, but higher than systems I and II.

improved grassland

The total belowground biomass of different species in improved grassland ranged
from 9.29 to 14.68 g/ha on different sampling dates. It was recorded that the maximum
total belowground biomass was found in 2nd fortnight of August. There was an
'increasing trend in total belowground biomass from 1st fortnight of July to 2nd fortnight
of August similar to natural grassland, pine based silvipastoral and hortipastoral systems.
Among grasses, Festuca rubra, Chrysopogon montanus and Daciylis glomerata
contributed maximum to the total belowground biomass of community. The highest
belowground biomass among individual grasses was recorded as 5.41 g/ha for Ductylis

glomerata in 2nd fortnight of September, while lowest (0.46 g/ha) belowground biomass
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was recorded for Themeda triandra in lst fortnight of August. In general, the total

belowground biomass in this system was highest than all other systems.

Fodder trees based silvipastoral system

The total belowground biomass of different species in this system an diffcrent
sampling dates varied from 4.94 to 12.01 g/ha. The total belowground biomass increased
gradually from 1st fortnight of July to 2nd fortnight of August, thereafter, it decreased as
in other systems. Festuca rubra, Oplismenus compositus, Chrysopogon montanus and
Daciylis glomerara contributed maximum to the total belowground biomass of
community. Among grasses Dactylis glomerata attained the highest belowground
biomass (6.39 q/ha) in Ist fortnight of October while, lowest (0.57 g/ha) belowground
biomass was recorded for Chrysopogon montanus in 1st fortnight of july. In general, the
total belowground biomass in this system was higher than systems I, Il and 11, but lower

than system 1V.

4.3 NUTRIENT CONTENT OF HERBAGE

4.3.1 Nitrogen content of herbage

Nitrogen content of above ground and below ground biomass of herbage in

different systems during the study period is presented.in Table 12,

i) Natural grassland

a) Above ground biomass

The average nitrogen content (%) of above ground biomass of grasses in natural
grassland varied from 074 to 0.97 per cent. Maximum average nitrogen content of
aboveground biomass of grasses was recorded (0.97%) in 1st fortnight of September,

thereafter it decreased gradually. Among the individual species, Festuca rubra, Panicum

maximum showed gradual increase in nitrogen (%) ti]l 1st fortnight of September,

thereafter nitrogen (%) decreased. Other species attained peak nitrogen (%) in August

45



Table 12,

Variation in nitrogen (%) of different grass species in systems 1 (natural grasstand), 11 (pine based sitvipastoral systesm), 111 (horti-pastoral systewn).

IV (improved grassland), V (fodder trees based silvipastoral system) during (he study period at different sampling intervals, (Values in parentheses

represent nitrogen per cent in belowground biomass)

TUT Y AUGUST
. st Forimght 2nd Fortnight st Fortmght 2nd Fortnight
Species Q
System System System System
| 11 1t v \% | 1 HI v \Y | 1 1 v \" | 1l 1] v \%
Heteropogon contorius 0.82 0.75 08 077 0.77 0.90 - . - - - - . - - - - - -
(0.57) (0.70) (0.68) (0.58) (0.69) (0.66)
Themeda triandra - - . . - . - - - - - . - 0.90 - 0.73 - - 091}
(0.72) 0.62) 0.7)
Festuca rubra 0.85 0.75 085 0.84 0.85 0.79 1.07 1.00 0.90 0.90 0.90 1.23 1.08 094 0.94 097 1.09 1.27 1.09 095
(0.62) (0.48) (0.71) (0.66) (0.74) (0.53)y (0.61) (0.80) (0.73) (0.76) (0.62) (0.84) (0.92) (0.77) (0.84) (0.63) (0.81) (0.93) (0.89) (0.93)
Panicum maxinuom 0.84 0.92 0.71 0.84 - 0.84 }.21 1.04 - - 0.92 1.33 1.15 - 1.05 0.90 1.27 1.0] 0.90 1.08
(0.54) (0.45) (0.55) (0.70) (0.54) (0.75) (0.83) (0.64) (0.87) (0.97) (0.90) (0.56) (1.01) (0.85) (0.80) (0.91)
Bromus inermis 0.95 - - - - . - 0.80 0.97 - - - - - - - - - - -
(0.52) (0.71) (0.84)
Oplismenus compositus 0.84 - - - 08S 098 - - - 0.97 - - - - - - - - - -
0.79) (0.75) 0.72) (0.81)
Chrysopogon montanus 0.85 091 0.85 0.77 0.85 093 1.07 0.94 0.77 1.19 1.09 1.23 123 087 0.99 0.87 1.29 128 098 1.04
(0.69) (0.58) (0.71) (0.64) (0.73) (0.7}) (0.73) (0.77) (0.67) (0.90) (0.76) (0.85) (1.07) (0.73) (0.82) (0.60) (0.92) (0.96) (0.84) (0.83)
Hemarthria protensa 0.82 0.85 083 088 . - - . . . - . - - . - - - - -
(0.60) (0.57) (0.75) (0.52) .
Dactylis glomeraia - - 101 08 093 - - 109 088 1.16 - - 113 100 099 - - 126 127 125
(0.86) (0.80) (0.80) (0.87) (0.75) (0.80) (0.93) (0.85) (0.85) 0.97) (0.87) (0.97)
Miscellaneous - 1.44 - - - 1.35 1.50 1.35 - - 0.97 1.54 - t.80 - - 1.50 1.58 1.05 -
0.83 0.95) (0.92) (0.96) 0.67) (0.93) 1.09) 0.94) (1.09) (0.89_
Average 0.82 0.94 0.85 0.83 0.85 0.97 1.2]1 1.04 0.88 1.06 0.97 133 1.15 1.10 0.99 0.87 1.29 1.28 094 1.08
(0.61) (0.60) (0.71) (0.65) (0.74) 0.69) (0.75) (0.83) (0.75) (0.82) (0.67) (0.87) (0.97) (0.83) (0.85) (0.60) (0.92) (0.96) (0.83) (0.91)
SEPTEMBENR OCTOBER
Species 1st Formight 2nd Fortnight Tst Fortnight 2nd Fortnight
Systemn Systcm System System
[ [ 11 [\ \Y 1 11 {n v v I Il i v Vv I 1 11l v v
Heteropogon contortus 0.96 R - 1.07 N . - . N - N - - - - 085 - N - -
0.71) (0.85) (0.59)
Themeda triandra 0.84 1.29 - 1.10 - 0.82 - - 1.07 - 0.73 - - - - 0.71 - - - -
(0.64) (0.96) 0.91) (0.61) 0.87) (0.57) (0.56)
Festuca rubra 1.09 1.35 1.43 1.27 1.01 0.95 1.78 1.36 1.13 1.27 0.81 1.43 1.08 0.84 1.00 0.73 1.13 1.13 0.94 0.84
(0.68) (0.85) (1.01) (1.04) (0.99) (0.67) (0.95) (0.95) (1.05) (1.03) 0.59) (1.09) (0.82) (0.78) (0.83) 0.52) (0.82) (0.72) (0.80) (0.52)
Panicum maximum 0.98 1.45 1.12 - - 0.81 1.50 . . R 0.71 R . . . . R R . .
(0.66)  (0.93) (1.04) (0.59) (0.92) (0.56)
Bronwus inermis - - R - . N R 1.01 R _ R . . R . . R . 0.84
{0.83) (0.52)
Oplismenus compositus - - 117 119 . - 101 115 127 - - . 1.03 . - - - 097
(0.90) (0.91) (0.81) (0.95) (0.99) (0.89) (0.79)
Chrysopogon montanus - - - R . 085 1.14 R _ . 0.80 . 0.87 . R 067 0098 1.13 0.97 0.94
(0.66) (0.84) (0.58) 0.73) (0.57) (0.70) (0.84) (0.88) (0.82)
Hemarihria protensa - . . _ . . . i . . . 0.95 . . - - - -
(0.79)
Daciylis glomerata - 1.40 1.45 1.50 . 1.50 1.58 1.78 - - 091 1.01 1.07 - - 085 09 1.13
_ (0.99) (1.01) (1.08) 0.99) (1.03) (1.04) (0.85) (0.81) (0.94) (0.74) (0.71) (0.83)
Miscellancous 1.70 - . : ; 160 - ) ) -2 - . : - 127 - - .
(0.99) (0.96) (0.90) (0.94)
Average 0.97 1.45 1.32 1.21 1.23 0.86 1.50 1.22 1.23 1.44 0.76 1.34 0.95 0.93 1.03 0.74 1.13 1.04 0.94 0.97
(0.67) (0.93) (1.01) (0.96) (0.99) (0.63) (0.92) (0.90) (0.98) (1.02) (0.57) (1.00) (0.80) (0.79) (0.89) (0.56) (0.82) (0.77) (0.80) (0.74)




and/or September. However, ‘miscellaneous species’ exhibited highest nitrogen (1.35%),

which was recorded in 2nd fortnight of July.

b) . Belowground biomass

The average nitrogen content (%) of below ground biomass of herbage in natural
grassland ranged from 0.56 to 0.69%. During the study period average nitrogen content
of below ground biomass was maximum (0.69%) in 2nd fortnight of July, thereafter, it
decreased upto October. In general, on each sampling date average nitrogen content of
belowground biomass was less as compared to their aboveground biomass counterparts.
Among individual species, a continuous increase in nitrogen (%) of belowground
biomass was observed upto 1st fortnight of September in Festuca rubra and Panicum
maximum, while other species showed highest nitrogen(%) at different times. However,
the highest nitrogen (%) in belowground biomass i.e. 0.95%, was obscrved for

‘miscellaneous species’ in 2nd fortnight of July.

ii) Pine based silvipastoral system

a) Aboveground biomass

The average nitrogen content (%) of aboveground biomass of herbage under pine
based silvfipaslora] system fluctuated from 0.94 to 1.50 per cent. The data depicted that
the average nitrogen content of different species increased gradually from st [ortnight of
July to 2nd .fortnight of September, thereafter it decreased. The maximum average
nitrogen content 1.50 per cent in aboveground biomass of community was recorded in
2nd fortnight of September. Thus, it differed from natural grassland where highest
average nitrogen content of herbage was observed in 2nd fortnight of July. Among
individual grasses, Festuca rubra showed a gradual increase in nitrogen(%) content of
aboveground biomass till 2nd fortnight of September, whereas, other species showed
higher nitrogen per cent in 2nd fortnight of August and/or in 1st fortnight of September.
In this system too, ‘miscellaneous species’ exhibited highest nitrogen (%) i.e. 1.70 per

- cent in Ist fortnight of September.
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b) Belowground biomass

The average nitrogen content(%) of belowground biomass of herbage under piné
based silvipastoral system varied from 0.60 to 1.00% during the study period. It was
evident from the data that average nitrogen content of belowground biomass gradually
increased from 1st fortnight of July to 1st fortnight of October. The highest average
nitrogen content for belowground biomass (1.00%) was recorded in Ist fortnight of
October which differed from natural grassland in which the highest average nitrogen
content for belowground biomass was recorded in 2nd fortnight of July. Among
individual grass species, Panicum maximum exhibited the lowest nitrogen(%) i.e. 0.45
per cent st fortnight of July. In this system too, ‘miscellancous specics’ attained the

highest nitrogen (%) i.e. 0.99 per cent in 1st fortnight of September.

iii) Hortipastoral system

a) Aboveground biomass

The average nitrogen content (%) of aboveground biomass of herbage under
hortipastoral system ranged from 0.85 to 1.32 per cent during the study period. It
revealed from the data that average nitrogen content of aboveground biomass gradually
increased from 1st fortnight of July to Ist fortnight of September, therealler it decrcascd.
The highest average nitrogen content for above ground biomass was recorded in 1st
fortnight of September, whereas, in natural grassland and pine based silvipastoral system
the highest average nitrogen content was observed in 2nd fortnight of July and 2nd
fortnight of September. Among individual grass species, Dactylis glomerata attained
highest nitrogen content in aboveground biomass 1.e. 1.50 per cent in 2nd fortnight of
September while Panicum maximum had the lowest nitrogen content (0.71%) in 1st

fortnight of July.
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b) Belowground biomass

The average nitrogen content (%) of belowground biomass of herbage in
hortipastoral system fluctuated from 0.71 to 1.01%. During the study period, it was clear
from the data that the average nitrogen content of belowground biomass increased
gradually from 1st fortnight of July to 1st fortnight of September, thereafter it decreased
till October. The highest average nitrogen content for belowground biomass was recorded
in Ist fortnight of September whereas in natural grassland and pine based silvipastoral
system the highest average nitrogen content was recorded in 2nd fortnight of July and 1st
fortnight of October respectively. Among individual grass species, Panicum maximum
attained highest nitrogen content in belowground biomass i.e. 1.04% N in 1st fortmght of
September, whereas, the same species had lowest nitrogen content (0.55%) in Ist

fortnight of July.

iv) Improved grassland

a) Aboveground biomass

The average nitrogen content (%) of aboveground biomass of herbage in
improved grassland varied from 0.83 to 1.23 per cent during the study period. It was
recorded that the average nitrogen content of aboveground biomass of herbage increased
gradually from Ist fortnight of July to 2nd fortnight of September, thereafter it decreased.
~ However, in natural grassland, pine based silvipastoral and hortipastoral systems the
maximum average nitrogen content was recorded in 2nd fortnight of July, 2nd fortnight
of September and st fortnight of September, respectively. Among the individual grasses,
Festuca rubra, Panicum maximum and Dactylis glomerata contributed most to the
average nitrogen content of the community at different fortnightly samplings. Dactylis
glomerata exhibited the highest nitrogen content (1.58%) in 2nd fortnight of September
while Heteropogon contortus showed the lowest nitrogen content (0.77%) in

aboveground biomass in st fortnight of July.
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b) Belowground biomass

The average nitrogen content (%) of belowground biomass of herbage in
improved grassland varied from 0.65 to 0.98 per cent. It was cvident from the data that
average nitrogen content of belowground biomass gradually increased from Ist fortnight
of July to 2nd fortnight of September, thereafter it decreased. The highest average
nitrogen content of belowground biomass was recorded in 2nd fortnight of Scptember
whereas in natural grassland, pine based silvipastoral and hortipastoral system highest
values for N per cent were recorded in 2nd fortnight of July, 1st fortnight of October and
Ist fortnight of September respectively. Among the individual grasses, Festuca rubra
altained the highest nitrogen content (1.05%) in 2nd fortnight of Scptember while

Hemarthria protensa showed the lowest nitrogen (0.52%) in st fortnight of July.

v) Fodder trees based silvipastoral system

a) Aboveground biomass

The average nitrogen content (%) of aboveground biomass of herbage in fodder
trees based silvipastoral system ranged from 0.85 to 1.44 per cent. During the study
period it explicated from data that the average nitrogen content of aboveground biomass
increased steadily from Ist fortnight of July to 2nd fortnight of September, thereafler it
decreased. The maximum average nitrogen content for aboveground biomass of herbage
was recorded in 2nd forinight of September similar to improved grassland but different
from natural grassland, pine based silvipastoral and hortipastoral systems where the
highest nitrogen content was recorded in 2nd fortnight of July, 2nd fortnight of
September and 1st fortnight of September respectively. The average nitrogen content of
aboveground biomass of herbage in different systems showed that in general, the highest
average nilrogeﬁ content was observed in 1st and/or 2nd fortnight of Septcmber. Among
the individual grasses, Daclylfs glomerata cxhibited the highest nitrogen content (1.78%)
for aboveground biomass in 2nd fortnight of September while [Heteropogon contortus

showed the lowest nitrogen content (0.77%) in st fortnight of July.
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b) Belowground biomass

The average nitrogen content (%) of belowground biomass in fodder trees based
silvipastoral system varied from 0.73 to 1.02 per cent. It was clear from the data that
average nitrogen content (%) of belowground biomass increased gradually from Ist
fortnight of July to 2nd fortnight of September, then it decreased as in case of
aboveground biomass. The maximum average nitrogen content of belowground biomass
(1.02% N) was recorded in 2nd fortnight of September similar to improved grassland.
But in case of natural grassland, pine based silvipastoral and hortipastoral systems, the
maximum average nitrogen content was recorded in st fortnight of July, 1st fortnight of
October and Ist fortnight of September, respectively. Among the individual grasses,
Ductylis glomerata had the highest nitrogen content in belowground biomass (1.08%) in
1st fortnight of September whereas Heteropogon contortus showed the lowest nitrogen
| (0.69%) in lst fortnight of July. It was evident from the data that the nitrogen content of

belowground biomass was lower as compared to their aboveground counterparts at

different samplings.

4.3.2 Phosphorus content of herbage

Phosphorus content of above ground and below ground biomass of herbage in

different systems during the study peﬁod is presented in Table 13.

1. Natural grassland

a) Aboveground biomass

It evinced from the table that the average phosphorus content (%) of aboveground
biomass of herbage in natural grassland varied from 0.07 to 0.14%. It was clear from the
data that there was a constant increase in average phosphorus content from Ist fortnight
of July to 2nd fortnight of Seplember, thereafter it decreased. The highcst average
phosphorus content (0.14% P) of community aboveground biomass was rccorded in 2nd
fortnight of September, whereas, the lowest (0.07%) phosphorus contenl was recorded in

2nd fortnight of October. Among the individual grasses, Panicum maximum attained the
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highest phosphorus content (0.17%) in 2nd fortnight of September while same Species

had the lowest phosphorus (0.06%) in st fortnight of July. The peak values of

phosphorus content in different species were observed in 1st and/or 2nd fortnight of

September.

b) Belowground biomass

The average phosphorus content (%) of belowground biomass of herbage in
natural grassland fluctuated from 0.05 to 0.09 per cent during the study period. It evinced
from the data that average phosphorus content of belowground biomass steadily
increased from 1st fortnight of July to 2nd fortnight of September, thereafter it decreased.
The highest average phosphorus content (0.09%) of belowground biomass was recorded
in 2nd fortnight of September, while lowest average phosphorus content (0.05%) was
recorded in st fortnight of October. Among the individual grasses, Panicum maximum
attained the highest phosphorus content (0.11%) in 2nd fortnight of September while the

lowest phosphorus content (0.02%) was recorded for same species in lst fortnight of

July.
i) Pine based silvipastoral syém
a) Aboveground biomass

It was clear from the Table 13 that the average phosphorus content (%) of
aboveground biomass of herbage in pine based silvipastoral system varied from 0.098 to
0.13%. The data given in Table 13 depicted that there was constant increase in average
phosphorus content of herbage from Ist fortnight of July to the 1st fortnight of
September, lhcrca(‘ter, it decreased. The highest average phosphorus content of
community above ground biomass (0.13%) was recorded in 1st fortnight of September.
The lowest average phosphorus content of aboveground biomass (0.09%) was recorded
in st fortnight of July, while in natural grassland it was recorded in 2nd fortnight of
October. Among grasses, Festuca rubra attained the highest phosphorus content (0.15%)

in Ist fortnight of September while the lowest phosphorus content (0.06%) was recorded

for Heteropogon contortus in 1st fortnight of July.
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Table 13,

Variation in phosphorus (%) of different grass species in systems 1 (natural grasstand). I (pine based silvipastoral system). 111 (horti-pastoral

system). IV (improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals. (Values in

parentheses represent phosphorus per cent in belowground biomass)

T UL Y AU GUST
Species I'st Fortnight 2nd FFortnight L Ist Fortmight Ind Furnimight
) System Systgm Systemn System
i I (l v v } it i v \Y ) 1 111 Ay \Y ] 1 n v AY
Heicropogon contortus 0.00 0.00 008 000 007 0.09 - - - -
(0.04) (0.04) (0.00) (0.(_)5) (0.05) (0.05)
Themeda triandra - - - - - . - - - 0.09 0.08 - 0.08
{0.07) (0.00) (0.06)
IFestuca rubra 0.06 0.08 0.07 0.08 0.08 0.07 0.09 0.09 0.08 0.08 0.08 0.11 0.10 0.10 010 0.11 0.09 0.10 0.11 (IR R
(0.02) (004) (005) (0.00) (0.06) (0.04) (0.05) (0.06) (0.06) (0.00) (0.06) (0.06) (0.07) (008) (0.07) (0.06) (0.06) (0.07) (0.08) (0.0%)
Panicum maximum 0.10 0.10 0.06 0.07 - 0.06 0.10 0.09 - - 0.08 0.12 0.10 - 0.09 0.1 0.2 009 010 010
(0.06) (0.06) (0.04) (0.06) (0.02) (0.07) (0.06) (0.04) (0.08) (0.06) (0.06) (0.08) (0.09) (0.06) (0.08) (0.08)
Bromus fnermis 0.12 - - - - . - 0.09 0.09 - - - - - - - - - -
(0.08) (0.06) (0.06)
Oplismenus compositus 013 - - 0.08 0.13 - - - 0.08 - - - - - - - - -
(0.08) (0.06) (0.07) (0.00)
Chrysopogon monianus 0.07 0.08 0.08 0.07 0.07 0.09 0.10 0.10 0.09 0.10 0.12 0.1 0.12 010 0.0 0.4 0.11 0.10 O.11 0.10
(0.04) (0.06) (0.05) (0.04) (0.06) (0.05) (0.07) (0.06) (0.06) (0.07) (0.05) (0.08) (0.06) (0.07y (0.08) (0.07y (0.08) (0.07) (0.07) (0.0%}
Hemarthria protensa 0.08 0.08 0.08 0.08 - - N - . - - - - R - - - - - -
(0.04) (0.06) (0.06) (0.05)
Dactylis glomerata - - 0.07 0.08 0.08 - - 0.08 0.09 0.10 - 009 011 0.10 - - 0.10 0.12 012
_ (0.06) (0.04) (0.06) (0.06) (0.06) (0.07) (0.06) (0.08) (0.07) (0.07) (0.09) (0.09
Miscellaneous - 0.11 - - - 0.18 0.12 0.10 - - 0.09 0.13 - 0.10 - - 0.13 0.11 0.10 -
(0.64) (0.13) (0.08) (0.06) (0.05) (0.09) (0.06) (0.09) (0.08) (0.08)
Average 0.09 0.09 0.07 0.07 0.08 0.11 0.10 0.09 0.09 0.09 0.09 0.12 0.10 0.10 0.10 0.11 0.11 0.10 0.10 0.10
(0.05) (0.05) (0.05) (0.05) (0.06) (0.06) (0.07) (0.06) (0.06) (0.06) (0.05) (0.08) (0.06) (0.07) (0.07) 0.07) (0.08) (0.07) (0.08) (0.08)
SEPTEMBTETR OCTOBER
Species tst Formight 2nd Fortnight Tst Fortnight 7nd Formight
System System System System
I 1 m v v | I 11 v V { I 111 v v l 1l H tv v
Hcteropogon contortus 0.12 - - 0.10 : N - ~ R R N - N - . 0.07 N N ~ N
) (0.06) 0.07) (0.05)
Themeda triandra 0.09 0.10 - 0.10 . 0.10 . R 0.12 _ 0.08 N . R _ 0.07 . _ _ _
(0.07) (0.07) (0.08) (0.07) (0.08) (0.06) (0.04)
Festuca rubra 0.12 0.15 0.11 0.12 0.13 0.14 0.10 0.09 0.13 0.12 0.09 0.11 0.08 0.10 0.10 008 010 008 009 008
. _ (0.08) (0.08) (0.08) (0.10) (0.10) (0.09) (0.07) (0.06) (0.10) (0.10) (0.06) (0.07) (0.06) (0.09) (0.09) (0.05) (0.07) (0.06) (0.06) (0.06)
Panicum maximum 0.16 0.13 0.11 - - 0.17 0.1 - - - 0.13 - - - . - - - - -
' . (0.10)  (0.10) (0.07) 0.11) (0.07) (0.05)
Bromus inermis . . - . . . 0.09 B _ R _ B i _ B i .
) _ (0.07)
Oplismenus compositus - - . 012 0.4 . . 010 012 0.4 . - - - 012 . . . - 009
Chry (0.08) (0.12) (0.08) (0.10) (0.12) (0.10) (0.0
[ys0pogon montanus - - - - 0.14  0.09 - - . 0.10 - 0.09 - - 0.07 008 008 009 010
Hemarihria protensa - - - (0'.10) ‘0'?5) - . (0'?6) - (0-?7) 0.09 (0.?6) (0'?6) (0'?6) (0'?6) (0.?”
. 0.06
Dactylis glomerata 011 013 012 - 011 012 0.1 - 0.11 (o.n) 0.10 - - 010 009 010
Miscellaneous ol (0-?7) (0._10) (0._09) _ o1 (0.?8) (o.f)o) (o.f)s, o3 (o.fn) (o.f)s) (o.f)s) ' ois (o.fx,) (o.fx,) (0{)7.
T (0.10) 10.09) (0.09) {0.08)
g 0.12 0.13 0.1 0.11 0.13 0.14 0.11 0.10 0.12 0.12 0.10 0.12 0.09 0.10 0.11 0.07 0.10 0.09 0.09 0.09
(0.08) (0.08) (0.07) (0.09) (0.10) (0.09) (0.07) (0.07) (0.09) (0.10) (0.06) (0.08) (0.07) (0.08) (0.09) (0.05) (0.07) (0.06) (D.06) (0.07)




b) Below ground biomass

The average phosphorus content (%) of below ground biomass in pinc based
silvipastoral system varied from 0.05 to 0.08 per cent. The data showed that during the
study period, in general, the average phosphorus content (0.08%) in below ground
biomass of community remained constant. In natural grassland, phosphorus (%) increased
steadily from 1st fortnight of July to 2nd fortnight of September. Among the individual
grasses, Paniccum maximum altained the highest phosphorus content (0.09%) in 2nd
fortnight of August and lowest phosphorus content (0.04%) was recorded for
Heteropogon contortus in 1st fortnight of July. It was clear that the phosphorus content of
below ground biomass remained less as compared to their respective above ground

biomass counterparts.

iii) ~ Hortipastoral system

a) Above ground biomass

It was evident from the Table 13 that the average phosphorus content (%) of
above ground biomass of herbage inkhonipastoral system ranged between 0.07 to 0.11
during the study period. A perusal of data depicted that there was stcady increase in
average phosphorus content of above ground biomass from l1st fortnight of July to Ist
- fortnight of September as in case of natural grassland and pine based silvipastoral system.
The highest average phosphorus content (0.11%) of community above ground biomass
‘was recorded in Ist fortnight of September as in case of pine based silvipastoral system.
Among the individual grasses, Festuca rubra, Panicum maximum and Dactylis glomerata
attained their highest phosphorus content in 1st fortnight of September. The highest
phosphorus content (0.11%) was recorded for Festuca rubra in Ist fortnight of
September while Panicum maximum exhibited the lowest phosphorus content (0.06%) in

Ist fortnight of July.
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b) Below ground biomass

The average phosphorus content of below ground biomass of herbage in
hortipastoral system fluctuated between 0.05 to 0.07 per cent during the sludy period. [t
was recorded that the average phosphorus content of community below ground biomass
remained constant as in case of pine based silvipastoral system contrary lo natural
grassland where a steady increase from 1st fortnight of July to 2nd fortnight of September
was recorded. Among grasses, Festuca rubra exhibited the highest phosphorus content

(0.08%) in st fortnight of September while the lowest (0.04%) was rccorded for

Panicum maximum in 1st fortnight of July.

iv) Improved grassland

a) Above ground biomass

The data given in Table 13 showed that average phosphorus content (%) in
community above ground biomass of herbage in improved grassland ranged from 0.07 to
0.12 per cent. During the study period, the average phosphorus content of above ground
biomass increased steadily from 1st fortnight of July to 2nd fortnight of September
similar to natural grassland but in pine based silvipastoral and hortipastoral systems it
increased upto st fonnighi of September. The highest average phosphorus content
(0.12% P) of above ground biomass was recorded in 2nd fortnight of September,
thereafter 1t decreased similar to natural grassland, pine based silvipastoral and
hortipastoral systems. Among individual ‘grasses, Dactylis glomerata attained the
highest phosphorus content (0.13%) in 1st fortnight of September while /Heteropogon

contortus attained the lowest phosphorus content (0.06%) in st fortnight of July.

b) Below ground biomass

The average phosphorus content (%) of below ground biomass of improved
grassland varied [rom 0.05 to 0.09 per cent. During the study period, the average

phosphorus content of below ground biomass increased steadily from Ist fortnight of July
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to 2nd fortnight of September similar to the case of natural grassland while, in pine based
silvipastoral and hortipastoral systems, it remained constant during the study period. The
highest average phosphorus content (0.09%) in below groun;i biomass was recorded in
2nd fortnight of September as in case of natural grassland. Among individual grasses,
most of the grasses attained their highest phosphorus content in 2nd fortnight of
September.  Further, 1t was noticed that phosphorus content of all specics in below

ground biomass was less as compared to their respective above ground counterparts.

V) Fodder trees based silvipastoral system

a) Above ground biomass

The average phosphorus content of above ground biomass of herbage in fodder
" trees based silvipastoral system ranged from 0.08 to 0.13 per cent. During the study
period, there was a stecady increase in average phosphorus content of community above
ground biomass from Ist fortnight of July to Ist fortnight of September similar to pine
based silvipastoral system and unlike other systems where it increased upto 2nd fortnight
of September. The highest average phosphorus content of herbage was observed in st
fortnight of Scptember while the lowest was noticed in Ist fortnight of July. Among
grasses, Oplismenus compositus attained the highest phosphorus content (0.14%) in 1st
and 2nd fortnight of September, while, the lowest phosphorus content (0.07%) was

recorded in Heteropogen contortus in 1st fortnight of July.

- b) Below ground biomass

The data -given in Table 13 revealed that average phosphorus content of
community below ground biomass in fodder trees based silvipastoral system varied from
0.06 to 0.10 per cent. During the study period, it was found that there was a stcady
increase in average phosphorus content of below ground biomass [rom 1st fortnight of
July to 2nd forinight of September similar to the natural grassland while in other systems
the average phosphorus content was nearly constant till 2nd fortnight of Scptember,

thereafter it decreased. The highest average phosphorus content in community below
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ground biomass was recorded in September, while the lowest average phosphorus content

y. Among individual species, roots of Dactylis

was recorded in Ist fortnight of Jul
| ) in 2nd fortnight of

glomerata attained the highest phosphorus  content (0.12%

August,while .the lowest phosphorus content was recorded (0.05%) in Heteropogan

contorus in 1st fortnight of July. It was evident from resulls that the phosphorus content

of below ground biomass was less as compared to their above ground counterparts in all

species during different sampling times.

4.3.3 Potassium content of herbage

The data relating to fortnightly variation in potassium content in aboveground and

belowground biomass in different systems is presented in Table 14.

i) Natural grassland

a) Above ground biomass

It was evident from data, the average potassium content (%) in different grass
species in natural grassiand in above ground biomass varied from 0.64 to 1.11 per cent.
Average potassium content of aboveground biomass increased steadily from 1st fortnight
of July to 2nd fortnight of September, thereafter it decreased. The highest average
potassium (1.11%) was recorded in 2nd fortnight of September. While the lowesl average
potassium content (0.64%) was recorded in 2nd fortnight of Oclober. The performances
of individual grass species showed that Chrysopogon montanus had the highest
potassium content (1.26%) in 2nd fortnight of September and Festuca rubra had the
lowest (0.52%) potassium content in 2nd fortnight of October. The peak values of

potassium content was observed in 1st and/or 2nd fortnight of September.

b) Below ground biomass

The data in Table 14 revealed that the average potassium content in the roots of
herbage vegetation in natural grassland ranged from 0.26 to 0.80 per cent. A scrutiny of

data showed that average potassium content of belowground biomass increased gradually
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FVablce 14.

Variation in potassium (%) of different grass specics in systems 1 (natural grassiand), 1 (pine based silvipastoral system), 11 (horti-pastoral systeiny,

1V (improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals, (Values in parentheses

represent potassium per cent in belowground biomass)

_ JULY AUGUST
. I'st Fortnight 2nd Fortnight Ist Fortnight 2nd Fortnight
Species - —_— Q q
System System System System
| 1 I v v | ]| il v v | 1l i v A\ | 1] Il v v
Heteropogon contortus 0.60 0.58 0.72 04 0.68 0.74 - - - - - - - - - - - -
(0.48) - (0.46) (0.54) (0.42) (042) (0.54)
Themeda triandra - - - - - - - - - - - - 0.X8 0.98 0.84
(0.64) - (0.54) (0.79)
Festuca rubra 0.56 0.08 0.70  0.86 0.84 0.54 082 078 076 096 062 090 034 09 108 084 09 084 110 112
(0.42) (0.58) (0.51) (0.56) (0.51) (0.46) (0.70) (0.56) (0.54) (0.50) (0.56) (0.68) (0.70) (0.66) (0.62) (0.64) (0.56) (0.72) (0.70) (0.70)
Panicum maximum 0.74 070 0.68 0.76 - 0.66 096 088 - - 0.78 126 095 - 0.96 108 1.18 088 1[04 1.8
(0.27) (0.48) (0.44) (0.54) (0.50) (0.73) (0.6%) (0.68) (0.86) (0.73) (0.5%) (0.72) (0.96) (D.78) (0.76) (0.70)
Bromus inermis 0.84 - - - - - - 0.86 0.74 R . - . - - - - - - -
(0.20) (0.56) (0.62) -
Oplismenus compositus 0.76 - - - 0.78 0.72 - - - 1.00 - - - - - - - - - -
(0.22) (0.46) (0.52) (0.68)
Chrysopogon montanus 0.86 0.60 064 076 094 070 096 078 096 1.12 086 114 090 09 108 097 132 Li6 122 LIl
(0.22) (0.44) (0.50) (0.54) (0.68) (0.46) (0.64) (0.60) (0.70) (0.78) (0.72) (0.84) (0.62) (0.08) (0.70) (0.63) (0.90) (0.86) (0.78) (0.74)
Hemarthria protensa 0.70 0.64 068 0.62 - - - - - - - - - - - - - - - -
(0.25) (0.42) (0.42) (0.44)
Daciylis glomerata - - 078 0.72 0.96 - - .02 082 1.02 - - 104 094 1.04 - - 146 1.12 1.04
, (0.64) (0.50) (0.48) (0.76) (0.62) (0.78) (0.86) (0.62) (0.63) (0.90) (0.74) (0.76)
Miscellaneous - 0.92 - - - 1.04 1.10 098 - - 0.75 1.74 - 1.18 - - 188 146 1.08 -
(0.76) (0.70) (0.84) (0.76) (0.65) (1.06) (0.84) (1.18) (1.02) (0.72)
Average 072 069 0.70 0.73 0.4 0.73 096 058 032  1.03 0.75  1.26 095 098 104 097 132 116 107 LIl
(0.26)  (0.52) (0.51) (0.50) (0.51) (0.53) (0.73) (0.65) (0.62) (0.65) (0.65) (0.86) (0.73) (0.69) (0.63) (0.63) (0.90) (0.86) (0.74) (0.74)
SEPTEMBER OCTOBER
Species Ist Fortnight 2nd Formight [st Fortmight 2nd Formight
System System System System
1 1 I Iv \% 1 11 It v v 1 1 111 v A\ | 1 il v v
Heteropogon contortus 0.96 - . 1.00 - R N B - . - - - - - 0.70 - - -
(0.70) (0.76) (0.54)
Themeda triandra 1.02 1.10 - 1.12 - 1.14 - - 1.02 - 0.68 - - - - 0.58 - - - -
(0.62)  (0.62) (0.78) (0.76) (0.70) (0.50) 0.42)
Festuca rubra 1.00 1.16 0.96 1.14 1.24 1.04 102 084 1.12 1.18 060 09 076 078 1.00 052 090 062 082 060
’ (0.70) (0.80) (0.82) (0.76) (0.78) (0.72) (0.66) (0.70) (0.68) (0.82) (0.42) (0.64) (0.58) (0.56) (0.70) (0.34). (0.65) (0.48) (0.60) (0.46)
Panicum maximum 1.10 1.42 1.26 - - 0.98 1.24 - - - 0.82 - - - - - - - - -
' (0.78) (0.91) (0.84) (0.70) (0.81) (0.52)
Bromus inermis - - - - . . . 1.10 . R _ . . . - . . . R
. (0.88)
Oplismenus compositus - - 1.02 1.30 . N 116 1.04 1.18 - - - 1.02 - - - 0.72
Chr (0.64)  (0.90) (0.84) (0.76) (0.84) (0.76) (0.50)
rysopogon montanus - - - 1.26 0.96 - - - 1.12 - 0.86 - - 076 076 098 086 0.74
_ (1.02) (0.72) (0.88) (0.70) (0.42) (0.44) (0.42) (0.58) (0.48)
Hemarthria protensa - - . . . . i 3 } N } _ 0.62 N . ) . . .
Dacnvlis ol (0.52)
actylis glomerata - 1.68 1.24 1.10 - - 1.38 1.06 1.14 - - 1.04 108 096 - 088 078 0.88
. (1.06) (0.96) (0.90) (0.96) (0.82) (0.80) (0.74) (0.79) (0.64) (0.56) (0.62) (0.50)
Miscellaneous 2.00 - . R .46 R . . - 1.22 - - - - 1.04 - - -
5 (1.30) (1.04) (0.90) (0.86)
verage 1.02 1.42 130 1.10 1.21 1.11 1.24 112 1.06 1.17 0.70 1.06 0.89 0.83 0.99 0.64 0.90 083 0.82 0.74
(0.70)  (0.91) (0.91) (0.78) (0.86) (0.80) (0.81) (0.85) (0.74) (0.84) (0.58) (0.77) (0.67) (0.6t) (0.70) (0.42) (0.65) (0.49) (0.60) (0.48)




from 1st fortnight of July to 2nd fortnight of September, thereafter, it decreased. The
individual performances of different species showed that Chrysopogon montanus attained
the highest potassium content (1.02%) in 2nd fortnight of September while the Bromus
inermis had the lowest potassium content (0.20%) in Ist fortnight of July. The peak
values of potassium (%) in different species were recorded in 1st and/or 2nd fortnight of
September. The values for potassium content in belowground biomass were less as

compared to their respective above ground counterparts at different sampling times.

i) Pine based silvipastoral system
a) Above ground biomass

The average potassium content (%) of different grass species in above ground
biomass in pine based silvipastoral system ranged from 0.69 to 1.42 per cent. A perusal
| of data revealed that there was a continuous increase in average potassium content of
above ground biomass from st fortnight of July to 1st fortnight of Scptember. The
highest average potassium content was observed in Ist fortnight of September, while the
lowest was recorded in st fortnight of July similar to the results recorded for natural
grassland. Among the individual species, Panicum maximum attained the highest
potassium content (1.18%) in 2nd fortnight of August while Heteropogan contortus

exhibited lowest (0.58%) value in Ist fortnight of July.

b) Below ground biomass

The data in Table 14 revealed that the average potassium content (%) in
community below ground biomass of herbage in pine based silvipastoral system varicd
from 0.52 to 0.91%. It was also evident that there was gradual increase in average
potassium content of below ground biomass from 1st fortnight of July to 1st fortnight of
September, thereafler it decreased. Contrary to it in natural grassland polassium content
increased upto 2nd fortnight of September. The highest average potassium content
(0.91%) was recorded in 1st fortnight of September.  Amiong the individual grasses,
Panicum maximum attained the highest potassium content (0.96%) in 2nd lortnight of

August while /emarthria protensa cxhibited the lowest potassium content (0.42%) n st

fortnight of July.
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i) Hortipastoral system

a) Above ground biomass

A review of data in Table 14. showed that the average potassium content of
different grass species in hortipastoral system in community above ground biomass
varied from 0.70 to 1.30 per cent. A scrutiny of data showed that the average potassium
content of above ground biomass increased steadily from Ist fortnight of July lo Isl
fortnight of Seplember similar to pine based silvipastoral system but in natural grassland
it contained upto 2nd fortnight of September, thereafter, it decreased. The highest average
potassium content (1.30%) was recorded in st fortnight of Septeinber, while, the lowest
(0.70%) was recorded in 1st fortnight of July, Among grasses highest potassium content
(1.68%) was reéordcd for Dactylis glomerata in 1st fortnight of September while the
lowest (0.64%) was observed for Hemarthria protensa in 1st fortnight of July. The peak
values for different species were recorded in 2nd fortnight of August and/or 1st fortnight

of September similar to the pine based silvipastoral system.

b) Below ground biomass

The average potassium content of different species in below ground biomass in
hortipastoral system fluctuated from 0.49 to 0.91 per cent. A perusal of data revealed that
the average potassium content of below ground biomass increased steadily from st
fortnight of July to 1st fortnight of September similar to the case of pine based
silvipastoral system, thereafler it decreased. The highest average potassium content wis
(0.91%) recorded in lst fortnight of September. The performance of individual specics
showed that Daciylis glomerata attained the highest potassium content (1.06%) in st
fortnight of September, while, the lowest was recorded (0.42%) for Hemarthria protensa
in 1st fortnight of July. The values for potassium content in below ground biomass were

less as compared to their respective above ground counterparts.
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iv) Improved grassland

a) Above ground biomass

The data in Table 14 revealed that the average potassium content in community
aboveground biomass of herbage in improved grassland fluctuated between 0.73 and 1.10
per cent. It evinced from the data that there was gradual increase in average potassium
content of above ground biomass from 1st fortnight of July to 1st fortnight of September
similar to the case of pine based silvipastoral and hortipastoral systems, thereafler, it
decreased. Among individual grass species the highest potassium content (1.24%) was
recorded for Ductylis glomerata in 1st fortnight of September, while, the lowest was

recorded (0.40%) for Heteropogon contortus in 1st fortnight of July. The peak values for

individual species were rccorded in 2nd fortnight of August and/or 1st fortnight of

September.

b) Below ground biomass

The average potassium content of different grass species in below ground biomass
of herbage under improved grassland varied from 0.50 to 0.78 per cent. It was evident
from the data that there was a gradual increase in the average potassium content of below
ground biomass from 1st fortnight of July to 1st fortnight of September similar to the
findings in pine based silvipastoral and hortipastoral systems, thereafler, it decreased. The
highest average potassium content (0.78%) was obscrved in st fortnight ol Seplenber
while the lowest (0.50%) was observed in 1st fortnight of July. The performances of
individual grass species showed that Dactylis glomerata attained highest (0.96%)
potassium content in 1st fortnight of September while the lowest (0.42%) was recorded
for Heteropogon contortus in l1st fortnight of July. The potassium content of below

ground biomass was less as compared to their respective above ground counterparts in

different species at different sampling dates.
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V) Fodder trees based Silvipastoral system
a) Above ground biomass

It evinced from the data in Table 14 that the average potassium content of
different grass species in fodder trees based silvipastoral system in above ground biomass
fluctuated between 0.80 and 1.21 per cent. It further revealed that the average potassium
content of above ground biomass increased gradually from 1st fortnight of July to Isl
fortnight of September similar to pine based silvipastoral hortipastoral systems, and
improved grassland, thereafler, it decreased. Among individual grass species, Oplismenus
compositus attained the highest (1.30%) potassium in 1st fortnight of September while
the lowest was recorded as (0.60%) for Themeda triandra in 2nd fortnight of October.

The peak values for different grass species were recorded in 1st and/or 2nd fortnight of

September.

b) Below ground biomass

The average potassium content in belowground biomass of different grass species
in fodder trees based silvipastoral system varied from 0.48 to 0.86 per cent. A scrutiny of
data revealed that the average potassium content of below ground biomass increased
steadily from 1st fortnight of July to 1st fortnight of September similar to the case pine
based silvipastoral, hortipastoral systems and improved graésland, therecafter, 1t
decreased. The highest average potassium content in below ground biomass was recorded
(0.86%) in 1st fortnight of September, while, the lowest was recorded (0.48%) in 2nd
fortnight of Scptember. Among individual grass species Oplismenus compositus attained
highest (0.90%) potassium content in 1st fortnight of Scptember, while, lowest (0.42%)
was rccorded for Heteropogon contortus in 1st fortnight of July. The highest values for
potassium content in below ground'biomuss for individual species were recorded in 1st

and/or 2nd fortnight of September.

4.3.4 Calcium content of herbage

The data relating to fortnightly changes in calcium content in community above

ground and below ground biomass in different systems is presented in Table 15,
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Table 15, Variation in calcium (%) of different grass species in svstems | (natural grasstand). 1L (pine based silvipastoral system) 111 (horti-pastoral system),
IV (improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals, (Valaes in parcatheses
represent calcium per cent in belowground biomass) L
T Jury T T T AU G HET
Ist Fortnight 2nd Fornight Ist Fartight 2nd lForinight
Species = Q q e
System System Syslem System
1 it m Y v 1 1 11 Y v ! 1l 1l IAY \Y I ft i v v
Heteropogon contoring 1.60 1.08 1o 230 224 1.09 - - - - - -
(0.96)  (V.YR) (1.42)y (19 (1 70 {1.30)
Themeda triandra - - - . - - - 2.00 112 2.08
: (2.20) {0 R6) (1.70)
Festuca rubra 1.64 1.56 2.00 2 o 2.59 1.50 1.50 2.34 1.90. 2.96 1.36 148 228 182 2.84 1.16 2.36 1.96 1.74 276
(1.20)  (1.46) (1.60) (1.76) (192) (1.16) (1.42) (190 (1.50) (2.62) (1.0} (1.40) (1.8 (140) (2.52) (0.94) (1.83) (1.68) (1.38) (2.28)
Panicum maximum 1.61 1.42 224 262 - 1.36 2.07 2.58 - - 1.78 1 8} 1.99 - 2.40 1.12 118 1.94 1.58 202
(1.22)  (1.18)  (1.90) (1 &) (1.00) (1.72) (2.09) (1.42) (1.50) (1.62) (1.80) (088} (0.98) (1.64) (1.26) (1.76)
Bromu:s inermis 1.62 - - - - - 1.74 1.94 - - - . . . - - .
(1.36) (1.38) (1.68) -
Oplismenus composiins 1.62 - - 286 - - - - 2.64 - R - . R R .
(1.24) (2.14) (1.96)
Chrysopogon montanus 1.60 1.60 2.10 104 2.36 1.40 1.62 208 276 2.28 1.40 1.56 1.96 1.90 240 1.13 1.8} 2.10 1.63 240
(1.40)  (1.46) (1.56) (2.52) (1.9¢6) (1.36) (1.38) (1.50) (2.26) (1.64) (1.20) 91.22) (1.46) (1.82) (1.88) (0.89) (1.5}) (1.80) (1.32) (1.99)
Hemarihria protensa 1.63 1.64 1.70 164 . - - . - . . - - . - N R . - .
(1.24)  (1.46) (1.36) (1.30)
Dacnylis glomeraia - 230 222 288 - - 226 220 218 - - 1.74 193 254 . 1.50  1.88 242
_ (2.08) (1.98) (1.88) (1.84) (184) (1.81) (1.56) (1.70) (2.06) (1.40) (1.64) (1.78)
Miscellaneous - 4.38 - - - 2.40 308 4.48 - - 1.51 2.34 - 3.06 - - 1.96 3.00 1.68 -
(2.64) (1.58) (2.36) (1.84) (1.22) (1.88) (2.2%) (1.76) (2.46) (1.5%)
Average 1.62 2.06 2.00 236 2.59 1.68 2.07 2.58 2.20 252 1.51 1.83 1.99 2.28 2.54 1.13 1.83 2,10 1.77 2.40
(1.23)  (1.83) (1.66) (1.90) (1.92) (1.29) (1.72) (2.04) (1.81) (1.96) (1.22) (1.50) (1.62) (1.82) (2.06) (0.89) (1.53) (1.80) (1.48) (1.94)
SEPTEMBER OCTOBTEHR
Species 1st Fortmight 2nd Fortmight 1st Formight 2nd Formight
System System System System
1 ] m iy 1% 1 i 11 v Vv 1 i 1 n Vv ! 1] 11 v vV
Heteropogon contorius 1.16 - - 1.°% . R . N N R - R . . N 096 . - -
(0.82) (1.46) 0.72)
Themeda triandra 1.08 2.16 - 249 - 1.02 - - 1.88 - 0.96 - - - - 0.9 - - - -
072 (1.70) {1 96) (0.64) (1.70) (0.62) (0.60)
Festuca rubra 0.96 1.48 1.78 182 258 0.92 106. 1.64 162 1.92 088 146 146 1.54 174 082 106 146 159 204
(0.86) (1.38) (L.S0y (12 (2.10) (0.80) (1.00) (1.36) (1.48) (1.6)) (0.76) (1.30) (1.30) (1.26) (1.56) (0.68) (0.93) (1.28) (1.39) (1.68)
Panicum maximiem 0.92 1.77 1.70 - - 0.90 1.28 - - - 0.80 - - - - - - - - -
(0.78) (1.49) (l1.16) (0.78) (1.08) (0.72)
Bromus inermis . - - - - . 1.28 . - . . . . . - - - 1.74
' (1.12) (1.33)
Oplismenus compositus - 1.52 214 - - 1.56 2.20 1.88 . - . . 1.78 - - - - 1.56
(108) (188) (1.30) (1.82) (1.72) (1.52) (1.38)
Chrysopogon monitanus - - . . 1.20 1.36 . - - 1.02 - 1.68 - - 078 100 154 156 202
(1.08) (1.08) (0.82) (1.24) (0.63) (0.90) (1.30) (1.36) (1.76)
Hemarihria proiensa . R . R . R R B 1.58 R . . . R R
_ (1.261
Dacnvlis glomeraia 176 178 208 160 168 196 - 1.62 166 218 - 150 162 172
(13610 (1% (173 (1.16) (1.50)  (1.70) (1.04) (1.48) (1.58) (1.10) (1.42) (1.43)
Miscellaneous 1.66 . . 1.42 - - . 122 . - - 1.12 - - -
(1.38) (1.16) {1 10) (0.96)
Average 1.03 1.77 1.78 | »0 .27 1.01 1.2824  1.52 V.86 192 0.92 138 1.59 1.59 1.90 0.86 1.06 150 1.59 1.74
(0.80)  (1.49) (1.34) (1.49) (1.91) (0.83) (1.08) (1.24) (1.63) (1.68) 0.73) (1.20) (1.19) (137) (1.55) (0.66) (0.93) (1.22) (1.39) (1.56)




i) Natural grassland

a) Above ground biomass

It was evident from the data that the average calcium content in different grass
species in natural grassland fluctuated between 0.86 to 1.68 per cent. During the study
period, it was observed that average calcium content of community above ground
biomass decreased from 2nd fortnight of July to 2nd fortnight of October. The highest
value for average calcium content (1.68%) was recorded in 2nd fortnight of July while
the lower calcium content (0.86%) was recorded in 2nd fortnight of October. Among the
individual species, Festuca rubra attained the highest (1.64%) calcium content in st
fortnight of July, while, the lowest (0.78%) was recorded for Chrysopogon montanus in

2nd fortnight of October. The peak values of calcium content in all the species were

- recorded in 1st and/or 2nd fortnight of July.

b) Below ground biomass

The average calcium content of below ground biomass of herbage in natural
grassland ranged from 0.66 to 1.29 per cent. It was evident from data that the average
calcium content of below ground biomass decreased from 2nd fortnight of July to 2nd
fortnight of October as in case of above ground biomass. The highest average calcium
content (1.29%) of below ground biomass was recorded in 2nd fortnight of July. While
the lowest average calcium content (0.66%) was recorded in 2nd (ortnight of October.
The calctum content of individual species showed that Fesuuca rubra attained the highest

calcium content (1.64%) in 1st fortnight of July while lowest (0.78%) was recorded {rom

Chrysopogon montanus in 2nd fortnight of October.

i) Pine based silvipastoral system

i) Above ground biomass

The average calcium content of above ground biomass of vegetation in pine
based silvipastoral system varied from 1.06 to 2.07 per cent. It was evinced from data

that average calcium content of above ground biomass decreased continuously from 2nd



fortnight of July to 2nd fonnight of October as in case of natural grassland. The highest
average calcium content was recorded (2.07%) in 2nd fortnight of July, while, the lowest
was (1.06%) recorded in 2nd fortnight of October. Among individual species
Chrysopogon mé)manus attained the highest calcium (1.66%) in Ist fortnight of July,
while, the same species had lowest (1.00%) calcium content in 2nd fortmght of October.
The peak values of calcium per cent was recorded in Ist fortnight of July for all the

species.
b) Below ground biomass

It was evident from the data that the average calcium content of below ground
biomass in pine based silvipastoral system varied from 0.93 to 1.72 per cent. It was
further noticed that the average calcium content of community below ground biomass
decreased from 2nd fortnight of July to 2nd fortnight of October as in case of natural
grassland. The highest calcium content (1.72%) in below ground biomass was recorded
in 2nd fortnight of July, while, the lowest (0.93%) was recorded in 2nd fortnight of
October. Among individual grass species, Festuca rubra attained highest (1.46%)
calcium content in 1Ist fortnight of July and lowest (0.90%) was recorded for

Chrysopogon montanus in 2nd fortnight of October.

iii) Hortipastoral system

a) Above ground biomass

The average calcium content of above ground biomass in hortipastoral system
varied from 1.50 to 2.58 per cent. A scrutiny of data revealed that the average calcium
content of above ground biomass decreased gradually from 2nd fortnight of July to 2nd
fortnight of October as in case of natural grassland and pine based silvipastoral system.
The highest average calcium content was recorded (2.58%) in 2nd fortnight of July,
while, lowest was recorded (1.50%) in 2nd fortnight of October similar to natural
grassland and pine based silvipastoral system. Among the individual species Panicum
maximum autained the highest (2.24%) calcium content in Ist fortnight of July whilc

lowest (1.46%) was recorded for Festuca rubra in 1st fortnight of October.
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b) Below ground biomass

It was evident from data that the average calcium content of community below
ground biomass in hortipastoral system ranged from 1.19 1o 2.04 per cent. It was further
noticed that the highest average calcium content was recorded (2.04%) in 2nd fortnight of
July similar to natural grassland and pine based silvipastoral system. The lowest (1.19%)
average calcium content was recorded in 1st fortnight of October, while, it was recorded
for 2nd fortnight of October in natural grassland and pine based silvipastoral system.
Among the performances of individual species Dactylis glomerata attained highest

(2.08%) calcium per cent in 1st fortnight of July, while, the lowest (1.28%) was recorded

for Themeda triandra in 2nd fortnight of October.

V) Improved grassland
a) Above ground biomass

The average calcium content of community above ground biomass of herbage in
improved grassland varied from 1.59 10 2.36 per cent. During the study period average
calcium content of above ground biomass decreased continuously from 1st fortnight of
July to 2nd fortnight of October. The highest average calcium content (2.36%) was
recorded in 1st fortnight of July contrary to the natural grassland, pine based silvipastoral
and hortipastoral. systems where, highest values were recorded in 2nd [lortnight of July.
The lowest average calcium content (1.59%) was recorded in 2nd fortnight of October
similar to natural grassland, pine based silvipastoral and hortipatoral systems. Among the
‘performances of individual grasses Chrysopogon montanus attained the highest (3.04%)
calcium content in st fortnight of July, while, the lowest (1.56%) calcium content was

recorded for some species in 2nd fortnight of Oclober.

b) Below ground biomass

It was clear from the data in Table 15 that the average calcium content of
community below ground biomass in improved grassland varied from 1.39 to 1.90 per
cent. [t was further noticed that the average calcium content decreased {rom st fortnight

of July to 2nd fortnight of October. The highest average calcium content (1.90%) was
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recorded in 1st fortnight of July while in natural grassland, pine based silvipastoral and
hortipastoral systems, the highest values were recorded in 2nd fortnight of July. The
lowest (1.39%) average calcium content was recorded in 2nd fortnight of October similar
to natural grassland, pine based silvipastoral and hortipastoral systems.  The
performances of individual species showed that Chrysopogon montanus attained highest
(2.52%) calcium content in st fortnight of July and lowest (1.36%) was recorded for the

same species in 2nd fortnight of October.

v) Fodder trees based silvipastoral system
a) Above ground biomass

The data in Table 15 showed that the average calcium content of community
above ground biomass in fodder trees based silvipastoral system varied from 1.74 to 2.59
per cent. A perusal of data revealed that the average calcium content decreased {rom Ist
fortnight of July to 2nd fortnight of October similar as in case of improved grassland but
in other systems it started to decrease from 2nd fortnight of July. The highest average
calcium content of herbage (2.59%) was recorded in 1st fortnight of October. Among
individual species Dactylis glomerata attained highest (2.88%) calcium content in st
fortnight of July and lowest (1.36%) was recorded for Chrysopogon montanus in 2nd

fonnighi of October.

b) Below ground biomass

The average calcium content of community below ground biomass of herbage
under fodder trees based silvipastoral system ranged from 1.46 to 2.06 per cent. It was
evident from data that the average calcium content decreased from Ist and/or 2nd
fortnight of July to October. The highest average calcium content (2.06%) was recorded
in st fortnight of August, while, lowest (1.46%) was recorded in 2nd fortnight of
October. Thé performances of individual species showed that Festuca rubra attained
highest (2.96%) calcium content in 2nd fortnight of July, while, lowest (1.38%) calcium
content was recorded for Oplismenus compositus in 2nd fortnight of October. The values
of calcium per cent was less in below ground biomass as compared to their respective

above ground counterparts in all the species.
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4.3.5 Magnesium content of herbage

The data relating to fortnightly changes in magnesium content in aboveground

and belowground biomass in different systems is presented in Table 16.

i) Natural grassland

a) Aboveground biomass

It was evident from the data that the average magnesium content of aboveground
biomass in natural grassland fluctuated from 0.42 to 0.60 per cent during the study
period. It was recorded that average magnesium content of herbage aboveground
biomass increascd steadily from Ist fortnight of July to Ist fortnight of October. The
hi‘ghest average magnesium content was recorded (0.60") in 1st fortnight of Oclober,
while, the lowest was recorded (0.42%) in 1st fortnight of September. Performance of
individual grass species showed that Panicum maximum attained the highest magnesium
content (0.73%) in Ist fortnight of September, while, the lowest magnesium content

(0.25%) was recorded for Heteropogon contotrum in 1st fortnight of July.

b) Belowground biomass

The average magnesium content of belowground biomass in natural grassland
fluctuated from 0.24 to 0.33 per cent during the study period. A perusal of data revealed
that variations in average magnesium content of community in belowground biomass
along the season did not show any particular trend. The highest average magnesium
content (0.33%) was recorded in 2nd fortnight of Septembér, while, lowest (0.24%)
average magnesium content was recorded in 2nd fortnight. Bronus inermis attained the
highest magnesium content (0.50%) in 1st fortnight of July, while, the lowest (0.148%)
magnesium content was recorded for Heteropogon contortus in st fortnight of July. The
values for the magnesium content in belowground biomass was less as compared to their

respective aboveground counterparts in all the species on different sampling dates.



i) Pine based silvipastoral system

a) Aboveground biomass

The data in the Table 16 revealed that the average magnesium content of

community aboveground biomass in pine based silvipastoral system varied from 0.38 1o

0.53 per cent during the study period. It was recorded that the average magnesium
content gradually increased from 1st fortnight of July to 2nd fortnight of October similar
to natural grassland. The highest average magnesium content was recorded (0. 53%) in
2nd fortnight of October and the lowest (0.38%) average magnesium content was
recorded in st fortnight of September. Among the individual grass species, Festuca
rubra attained the highest (0.58%) magnesium content in 2nd fortnight of August, while,
Heteropogon controtus exhibited the lowest (0.32%) magnesium content in st fortnight

of July

b) Belowground bioinass

The average magnesium content of community belowground biomass in pine
based silvipastoral system during the study period varied from 0.26 to 0.40 per ceat. A
scrutiny of data in Table 16 revealed that the average magnesium content increased from
July to October. The highest average magnesium content was recorded (0.40%) in 2nd
fortnight of October, while, the lowest average magnesium content (0.26%) was recorded
in [st fortnight of July. Among the individual species, Festuca rubra attained the highest
(0.40%) magnesium content in 2nd fortnight of October, while, lowest (0.20%)

magnesium content for same species was recorded in 1st fortnight of July.

iii) Hortipastoral system

a) Aboveground biomass

The average magnesium content of community belowground biomass in
hortipastoral system ranged from 0.33 to 0.46 per cent during the study period. It was
clear from results that the average magnesium content increased gradually from 1st
fortnight of July to 2nd fortnight of September, thereafler, it decreased, but in natural

grassiand it increased upto Ist fortnight of October and in pine based silvipastoral system
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Table 16.

Variation in magnesium (%) of different grass species in systems § (natural grassiand), 1 (pine based silvipastoral system). 111 (horti-pastoral

system), 1V (improved grassland), V (fodder trees based silvipastoral system) during ¢he study period at different sampling intervals. (Values in

parcntheses represent magnesium per cent in belowground biomass)

JuUuvLy AUGUST
Sncc I'st Fortnight 2nd Jonnign Ist Formight 2nd Fortaght
Specics System System System System :
| I 11 Y Vv I 1l 1} v v ] i 1 AY \Y 1 n. 11 v v
{icteropogon contortus 0.25 0.32 032 023 046 0.56 - - - - - - - - - -
(0.148) (0.23) (0.24; (0.14) (0.27) 0.3
Themeda triandra - - - - - - - - - - 0.44 - 0.1v - 037
(0.28) (0.15) (0.23)
Festuca rubra 029 035 033 023 036 035 039 023 027 033 043 043 024 025 035 049 037 025 031 037
0.17)  (0.20) (0.20) (0.15) (0.22) (019) (0.23) (0.16) (0.16) (0.23) (0.25) (0.32) (0.17) (0.18) (0.23) {0.28) (0.20) (0.18) (0.19) (0.24)
Panicum maximum 0.51 0.34 027 048 - 058 045 033 - - 053 050 0.34 - 0.42 071 058 029 058 040
0.33)  (0.27) (0.19) (0.33) (0.32) (0.28) (0.20) (0.30) (0.32) (0.22) (0.24) (0.28) (0.33)  (0.18) (0.38) (0.23)
Bronius inermis 0.66 - - - - - - 022 034 - - - - - - - - - - -
(0.50) (0.16) (0.10)
Oplismenus compositys 0.64 - - 0.32 0.54 - - - 0.32 - - - - - - - - - -
(047) 0.17) (0.33) (0.20)
Chrysopogon montanus 061 043 032 042 025 064 049 037 063 038 065 056 039 076 038 046 049 038 079 040
(0.27)  (0.26) (0.17) (0.27) (0.19) (0.30) (027) (0.18) (0.48) (0.23) (0.37) (0.30) (0.t19) (0.49) (0.23) (0.24) (0.31) (0.30) (0.52) (0.25)
Hemarihria protensa 047 045 043 045 . . . - i, . . - . - . - - - - -
. 0.29)  (0.27) (0.27) (0.39)
Dacuytis glomerata - - 029 026 042 - - 034 041 0.39 - - 040 028 0.38 - - 046 033 044
' 0.17) (0.19) (0.23) (0.18) (0.27) (0.19) 0.29) (0.19) (0.23) (0.38) (0.23) (0.27)
Miscellaneous - 045 - - - 0.66 0.47 0.50 - - 0.55 0.50 - 0.58 - - 0.51 053 029 -
(0.32) (0.46) (0.34) (0.33) (0.32) (0.35) (0.43) (0.39) (0.46) (0.27)
Average 049 039 033 031 036 0.49 045 033 0.41 036 055 0S50 034 046 038 046 045 038 045 040
(031) (0.26) (0.20) (0.25) (0.22) (0.27)  (0.28) (0.20) (0.27) (0.21) (0.28) (032) (0.22) (031) (0.23) (0.24) (0.31) (030) (0.29) (0.25)
_ SEPTEMBER OCTOBER
Species Ist Fortnight 2nd Fornight I'st Fortight 2nd Fornight
System Sysiem System System
1 11 1l v \Y i 1i 111 [AY \% I 1l §1 \' \Y | Il I v v
Heieropogon conitorius 0.27 - - 04] - - R - - - - - - - - 0.27 - - -
(0.18) (0.25) (0.19)
Themeda triandra 0.20 0.44 0.46 - 0.28 - - 0.47 - 0.4= - - - - 0.49 - - -
(0.16) (0.22) (0.38) (0.18) (0.40) (0.22) (0.23)
Fesiuca rubra 046 043 032 038 037 041 046 030 038 045 057 047 039 042 042 057 053 037 057 055
' _ (0.28)  (0.34) (0.21) (0.20) (0.25) 0.29) (0.25) (0.22) (0.23) (0.26) (0.33) (0.37) (0.25) (0.21) (0.27) (0.35) (0.40) (0.26) (0.37) (0.27)
Panicum maxintum 0.73 0.38 0.52 - - 0.73 0.50 - - - 0.79 - - - - - - - - )
0.36) (0.32) (0.19) (0.40) (0.32) (0.40)
Bromus jnermis - - - - . . 0.61 . . . R i} . R - - -
. (0.19)
Oplismenus compositus - - - 0.30 0.4 . 0.37 034 0.43 . . ) 0.48 - - - - 0.51
(0.18) (0.24) (0.18) (0.19) (0.30) 0.37) (0.46)
Chrysopogon montanus - - - - 070 0.52 - - - 0.60 - 0.38 - - 078 046 037 060 044
(0.43) (0.34) (0.32) (0.25) (0.42) (0.37) (0.28) (0.25) (0.30)
Hemarthna protensa - . R . R B R _ B . R 045 - . . - - -
. (0.39)
Dacnis glomerata . 0.5 037 043 - - 055 037 048 - 057 039 049 055 053 051
(0.39) (0.22) (0.29) 10.43) (0.25) (0.32) (0.43) (0.26) (0.36) (0.44) (0.48) (0.37)
Miscellancous 057 . . . 0SS . . . 0.56 . - - 0.59 T- - -
(0.41) (0.40) (0.42) (0.43)
Averape 0.42 038 0.46 038 040 053 051 046 039 045 060 052 045 0432 046 053 053 043 057 050
(0.25)  (0.32) (0.26) (0.25) (0.26) (033) (032) (0.26) (0.27) (0.29) (0.32) (0.40) (0.33) (0.29) (0.33) (0.30) (0.40) (033) (0.37) (0.35)




it increased upto 2nd fortnight of October. The highest average magnesium content
(0.46%) was recorded in 2nd fortnight of Scptember, while, lowest (0.33%) was recorded
in Ist fortnight of July. Among the individual species, Bromus inermis exhibited highest
(0.61%) magnesium in 2nd fortnight of September, while, lowest (0.27%) was recorded

for Panicum maximum in 1st fortnight of July.

b) Belowgrouund biomass

Jt was evident from the data that average magnesium content of community
belowground biomass in this system ranged from 0.20 to 0.33 per cent during the study
period. A scrutiny of data revealed that the average magnesium content of belowground
biomass increased gradually from Ist fortnight of July to 2nd fortnight of October similar
“to pine based silvipastoral system. The highest average magn.esium content for
belowground biomass was recorded (0.33%) in 2nd fortnight of October, while, the
lowest (0.20%) average magnesium content was recorded in 1st fortnight of July. The
performance of individual grass species revealed that Dactylis glomerata exhibited the
highest magnesium content (0.44%) in 2nd fortnight of October and the same species

attained the lowest (0.17%) magnesium content in 1st fortnight of July.

iv) Improved grassland

a) Aboveground biomass

It was clear from the data in Table 16 that the average magnesium content of
community aboveground biomass in improved grassland varied from 0.34 to 0.57 per
cent during the study period. It was recorded that the average magnesium content
increased gradually from Ist fortnight of July to 2nd fortnight of October similar to
natural grassland, pine based silvipastoral and hortipastoral systems. However, the
highest average magnesium content was recorded as 0.57 per cent in 2nd t"or(nfghl of
October, while, the lowest (0.34%) average magnesium content was recorded in st
fortnight of July. Among individual species, Chrysopogon montanus attained the highest
(0.79%) magnesium content in 2nd fortnight of August, while, lowest (0.22%)

magnesium content was recorded for Heteropogon controtus in 1st fortnight of July.
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b) Belowground biomass

The average magnesium content of community belowground biomass of herbage
in improved grassland fluctuated from 0.25 to 0.37 per cent during the study period. [t
was evident from data that the average magnesium content of belowground biomass
increased gradually from 1st fortnight of July to 2nd fortnight of October similar to pine
based silvipastoral and hortipastoral systems, but in natural grassland there was no
particular trend. The highest average magnesium content (0.37%) was recorded in 2nd
fortnight of October and lowest (0.25%) was recorded in st fortnight of July. Among
the performances of individual grass species Chrysopogon montanus attained the highest
(0.32%) magnesium content in 2nd forthight of August and lowest (0.14%) magnesium

content was recorded for Heteropogon contortus in 1st fortnight of July.

V) Fodder trees based silvipastoral system
a) Aboveground biomass

Magnesium content of aboveground biomass in fodder trees based silvipastoral
system ranged from 0.36 to 0.50 per cent during the study period. A scrutiny of the data
revealed that the average magnesium content increased gradually from 1st fortnight of
July to 2nd fortnight of October similar to all other systems. The highest average
magnesium content (0.50%) was recorded in 1st fortnight of October, while, the lowest
average magnesium conlent was recorded as 0.36 per cent in st fortnight of July. The
performance of individual species revealed that Festuca rubra attained highest
magnesium per cent 0.55 per cent in 2nd ‘fortnight of October, while, the lowest
magnesium per cent 0.25 per cent was recorded for Chrysopogon montanus in 1st

fortnight of July.
b) Belowground biomass

The average magnesium content of belowground biomass of vegcetation in
fuel/fodder tree based silvipastoral system ranged from 0.21 to 0.35 per cent. During the

study period, it was recorded that the average magnesium content of bclowground
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biomass increased gradually from 2nd fortnight of July to 2nd fortnight of October,
similar 1o systems II, 1l and IV. The highest average magnesium content was observed
(0.35%) in 2nd fortnight of October, while the lowest (0.21%) was recorded in 2nd
fortnight of July. Among the individual species Oplismensus compositus atlained (he
highest magnesium per cent (0.46%) in 2nd fortnight of October, while, the lowest was
recorded (0.17%) for the same species in Ist fortnight of July. The values of magnesium
per cent were less in belowground biomass as compared to their aboveground

counterparts in all the species during different sampling dates.

4.4 PHYSICO-CHEMICAL PROPERTIES OF SOIL

The physico-chemical properties of the soils of the sites under different system 1s

- presented in Table 17.

Table 17, Soil physico-chemical properties of different system 1 (natural grassland),
11 (pine based silvipastoral sustem), III (hortipastoral system), 1V
(improved grassland), V (fodder trees based silvipastoral system)

Systems N (kg/ha) P (kg/ha) K (kg/ha) OC (%) BD (g/em’)
I 351.232 20.23 195.77 - 0.83 1.47
Il 331712 22.63 | 253.83 0.71 1.38
1l 326.446 21.28 215.53 0.79 1.33
v 388.512 21.18 283.33 0.85 1.45
\% 485.792 22.13 246.76 0.93 1.35

4.4.1 Available nitrogen (kg/ha)

The avatlable nitrogen content (kyha) of soil in all the system fall under medium
class. The highest nitrogen content 485.79 kg/ha was recorded in the fodder trees based
silvipastoral system. While, the lowest available nitrogen content (326.45 kg/ha) in soil
was recorded in hortipastoral system. The available nitrogen content of soil in natural

grassland, pine based silvipastoral system and improved grassland were rccorded as
351.23, 331.71 and 388.51 kg/ha, respectively.
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4.4.2 Available phosphoruS (kg/ha)

The available phosphorus in all the systems can be classificd as medium category

except pine based silvipastoral system. In pine based silvipastoral system the available

phosphorus content was highest (22.63 kg/ha) falling under high catcgory. The available
phosphorus, content in natural grassland, hortipastoral system, improved grassland and

fodder trees based silvipastoral system was recorded as 20.23, 21.28, 21.18 and 22.13

kg/ha, respectively.

4.2.3  Available potassium (kg/ha)

The data revealed that the available potassium content of soil fall under medium
category in all the systems. In natural grassland, pine based silvipastoral system,
hortipastoral system, improved grassland and fodder trees based silvipastoral system the
available potassium content was recorded as 195.77, 253.83, 215.53, 283.33 and 246.67
kg/ha, respectively. The highest available potassium content (283.33 kg/ha) was
recorded for improved grassland, while, lowest (195.77 kg/ha) was recorded for natural

grassland.

4.4.4 Organic carbon (%)

It was recorded that the highest organic carbon per cent (0.93%) was recorded for
fodder trees based silvipastoral system, while, lowest organic carbon per cent (0.71%)
was recorded in pine based silvipastoral system. The organic carbon per cent in natural

grassland, hortipastoral system and improved grassland was recorded as 0.83, 0.79, and

0.85 per cent; respectively.

4.4.5 Bulk density (g/cm?)

It was evident from the data that highest bulk density was recorded (1.47 g/len?)
in natural grassland, while, lowest (1.33 g/cm®) bulk density was recorded for
hortipastoral system. The bulk density in pine based silvipastoral system, improved

grassland and fodder trees based silvipastoral system was recorded as 1.38, 1.45, 1.35
g/eny, respectively.
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Clapten-5
DISCUSSION

The results obtained from present investigation entitled, “Floristic and
productivity variations in different tree based pasture systems vis-a-vis grasslands in
temperate region” have been discussed in this chapter, establishing the cause and effect

relationship where feasible in the light of available literature under the following heads:

5.1 Floristic composition and phytosociology of herbage

5.2 Productivity of herbage
5.3 Nutrient contents of herbage

5.4  Physico-chemical properties of soil

'5.1  Floristic composition and phytosociology of herbage

Floristic composition is a measure of species diversity in a community. The
degree of diversity is a function of adaptability of the species lo the particular
microhabitat as well as various other biotic and abiotic factors. Dansereau (1960)
described floristic composition as one of the anatomical character of a community. In the
present study, the variation in floristic composition of different systems showed higher
number of species in st and 2nd fortnight of July which can be related to onset of
rainfall season in June which initiated the germination of constituent species. Among
grasses, common species in all the systems were: Festuca rubra, Chrysopogon montanus
and Panicum maximum, while, Ductylis glomerata which is an exotic grass and was
introduced in grasslands 1n 1992 was prescnt only in hortipastoral system, improved
grassland and fodder trees based silvipastoral system. The number and types of specics

recorded in present study in different systems were almost similar as indicated by



similarity index in Table 9. More than 70 per cent species were common among the five
systemis. However, hortipastoral and improved grassland systems were more similalr
compared to other systems. Little variation in constituent species of some grassland of
HP around 2360 m elevation have also been reported by Singh et al. (1975), he however,
reported relatively higher number of species. The comparatively low number of species
in the present study sites can be attributed to the differences in microhabitats (Johnson,
1995) and yearly variations in abiotic variables (Berg and Staaf, 1981). Such variations in
an area can also be related to various climatic stresses as reported'by Gill (1975) and
Singh and Joshi (1979). Besides grasses, only three non-legumes constituted the floristic
composition of natural grassland, pine based silvipastoral system and improved grassland
and these species showed sparse distribution. These species were absent in other two
systems. A critical examination of data in Table 9a and 9b revealed that similarity index
of different systems was maximum in the early growth stages in July/August, thereafier,
it decreased.  Such variations in appearance of species in different systems may be

attributed to the differences in micro-habitat influencing the growth behaviour of plants.

In a plant community different species grow in association with cach other, The
interactions between plants and environment in an area ultimately gives definite structure
to the community. Habitat characteristics also play a vital role in determining the kind of
community, that is why planl species varies from habitat to habitat. Thus, each species
play a definite role and possess its structural and functional individualism in a communily
(Singh, 1975). In addition there is a definite quantitative relationship between abundant
and rare species in a community. As such it is necessary to study numerical abundance

and spatial distribution of all the species in understanding the community organization of

herbage.

In the present study, with the onset of monsoon in June, sporadic germination and
development of plants resulted in exponential growth during July/August in all the
systems, thereby increase in density and basal area of various species were recorded and
peak values were recorded in the month of August, thereafler, it declined upto October in

all the systems (Table 4, 5). This pattern of growth of hierbage species clearly reveals
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their dependence on rainfall patiern, as has been reported by Gill (1975), Bawa (1986),
Gupla (1988), Singh and Yadava (1974) and Trivedi (1994) [or monsoonal grasslands of
India. Decline in these attributes afler August may be due to the fact that the grasscs
proceeded towards senescence by Oclober, thereby converting live Lillers to dead ones.
Similar results have been reported by Singh and Yadava (1974), Misra (1973), Singh
(1975), Bawa (1986), Gupla (1988), Dass (1995), Guleria (1996), Rao (1998) and Dutt
(1999) for grasslands of India. The present study also revealed that the improved
grassland showed highest total density and basal area of herbage than all other systems. It
may be aitributed to the tillage practices done earlier on the site. Looking at the
structural parameters of vegetation i.e. density and basal area at different time interval it
can be inferred that the values of these parameters in the five systems decreased in the

order : system 1V > system V > system lII > system [ > system 11.

The total basal area and density in all the systems remained higher in the
beginning of the rainy season and showed varying decline with the advancement of
growing season in September/October. Such variations in density and basal area of
herbage shows strong relation with rainfall variations in the region during July to
October, since high rainfall was recorded in July and August there was exponential
growth of vegetation during these months, whereas, in September and October less/no

rainfall may be the reason for restricting the growth of vegetation thereby resulting in low

density and basal arca.

Moreover, variations in basal area of vegetation are closely related to density as
reported by Singh and Yadava (1974). The present study also revealed positive and
significamt relationship between these (wo attributes in all the systems. In natural

grassland 63 per cent variation in basal area has been explained by density with a relation
Ao

as:
\/
BA =21.38 + 0.10 density, R=.0.63
(21.13) (0.628)
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In pine based silvipastoral system 68 per cent of variations in basal area has been

explained by density with relation as:

BA =16.65 + 0.101 density, R?=0.68
(15.14)  (0.026)

In hortipastoral system, 94 per cent variations in basal arca has been explained by

density with a relation as:

BA= 542 +0.12density, R:=0.94
(7.37)  (0.011)

In improved grassland 65 per cent variation in basal area has been explained by

denstty with a relation as:

BA=-21.96 +0.157 density, R*=0.65
(31.91) (0.042)
In fodder trees based silvipastoral system, 64 per cent variations in basal area has

been explained by density with a relation as:

BA =15.47 + 0.11 density, R?=0.64
(19.16) (0.028)

Pine based silvipastoral system showed comparatively low values of density and
. basal area in relation to other four systems endorses the results of Andersor; et al. (1969),
Gupta er al. (1997), Guleria (1996), Dass (1995), Rao (1998) and Du\t-t/z;999) who have
recorded that pines affect understorey vegetation by changing the soil acidic, low light
availability under trees and leaching. Irregular variations in density and basal area of
vegetation under pine based silvipastoral system can be related to varying pine needle
floor and its decomposition rate along the season thereby affecting the growth of
vegetation during diffcrent samp]ing tim9 Trend in variations of community density and
basal area along the growing season in five systems in the present study revealed that not
only the rainfall pattern but also management of system has some role to play in
structural variations of herbage thus highest values of these paramelers were recorded in

Ist fortnight of July in systems I and 1], whereas, these parameters increased gradually to
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achieve highest values in August in systems IIl to IV, Analysing this difference among
the five systems it seems that Dactylis glomerata being one of the dominant species in
systems Il to V, led to gradual increase in these structural parameters achieving their
highest values by September/October. Thus the variation in total basal area and density of

vegetation in systems Il to V showed difterent trend from systems I and 1I, where this

species was absent,

In systems I and Il, Festuca rubra, Panicum maximum and Chrysopogon
montanus, while, in systems III, IV and V Festuca rubra, Chrysopogon montanus and
Dactylis glomerata contributed substantially to the density and basal arca of herbage
vegetation, which is the manifestation to their growth behaviour and suitability to the
environment. The comparatively higher values of density and basal area of one or two
" species in a community has been reported by Chaturvedi et al. (1988), Sajwan et al.
(1980), Singh et al, (1985), Bawa (1986), Kapoor (1987), Gupta (1988), Dass (1995),
Dalai (1997), Rao (1998) and Dutt (1999) for different grasslands.

A close observation on frequency and IVI (Table 6, 7) in different systems
showed that there was irregular increase or decrease of these parameters in subsequent
sampling intervals. In systems 1 and II, Festuca rubra, Panicum maximum and
Chrysopogon montanus, while n systems I, 1V and V, Dactylis glomerata, Festuca
rubra and Chrysopogon montanus showed their dominance over other species. Hence,
system [ and Il can be identified as Festuca - Chrysopogon - Panicum type, and systems
[If, IV and V can be designated as Festuca - Dactylis - Chrysopogon type. The
dominance of one or two species in community can be attributed to their betier
adaptability and growth in particular environment. Similar type of observations i.e.
dominance of one or two species in any grassland ecosystem were made by Dabadghao
and Shankarnarayan (1973), Dass (1995), Gulcria (1996), Dalai (1997), Rao (1998) in
their studies on grasslands of India. The equal dominance of more number of spccies in
particular community leads to the low species diversity. Higher values of Shannon’s
index indicates a low concentration of dominance. Higher diversity reduces the

oscillations and increase the stability of the community (Margalef, 1968; Sahai and

79



Asthana, 1976). In the present study, the Shannon’s index of diversity in different
systems was found to be higher in early stages of growth in July. This can be attributed to
the low concentrations of dominance of different species in the systems. As the growth
proceeded the Shannon’s index of species diversity decrcased, when F. rubra, C.
montanus, Panicum maximum and D. glomerata showed their superiority over other
species for various growth parameters which may be due to their better competitive
ability. The results obtained for species diversity in the present study are in consonance

with the reports of Dass (1995), Gupta et al. (1997) and Singh et al. (1994) for similar

vegetation.

5.2 PRODUCTIVITY OF HERBAGE

The aboveground biomass of herbage vegetation increased from 1st fortnight of
July to 2nd fortnight of September in all the systems. The peak values of total
aboveground biomass were found to be 34.90, 28.30, 40.28, 42.08 and 38.18 g/ha for
natural grassland, pine based silvipastoral, hortipastoral system, improved grassland and
fodder trees based silvipastoral system, respectively (Table 10). The increment in
aboveground biomass production in all the systems along the season may be related to
spurt of growth with advent of monsoon in late June resulting in high relative humidity
and soil moisture in July/August. Thus, enough soil moisture ava.ilabilily for optimum
nutrient flow in soil - plant system and congenial air temperature manifested itself in
luxurious vegetative: growth of plants accompanied by enhanced tillering and basal area
coverage of vegetation leading to gradual increase in biomass upto September in all the
systems. An important role played by climate on growth and development of vegetation
have been advocated by researchers like Singh and Yadava (1974), Singh (1975),
Bazilevich et «l.-(1970), Singh and Joshi (1979), Trivedi (1994), Dass (1995), Guleria
(1996), Dalai (1997), Rzo (1998) and Dutt (1999) for monsoonal grasslands of India.

The appreciable low aboveground biomass of herbage in system II in comparison

to other systems can be due to the reduction in rate of transpiration, leaf temperature and

stomatal conductance of grasses under pine trees caused by low relative illumination
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which ultimately led to low biomass production (Bhatt et al., 1994). Reduction in light
intensity under crowns has been held as main factor for low production of herbage under
trees (Grelan and Whrey, 1978; Singh et al., 1980; Ramakrishna, 1984; Hazra and Patil,
1986; Chalurvedi et al, 1988 and Sharma and Dhiman, 1994). Allelopathy and
interference of needle biomass to grass species under pine trees have also been advocated
by Dass (1995). Higher aboveground biomass of herbage in systems III, IV and V as
compared to system I and II can be ascribed to different management of systems. In
systems 11 to V Dactylis glomerata played significant role in structural parameters and
also showed better production potential as compared to indigenous grasses may have
resulted in better biomass production in them as compared to systems I and III. System
V further revealed the highest biomass among system III, IV and V which can be related
to the effect of leguminous trees like Robinia pseudocacia and Acacia mollissima
" planted in this system which may have played a distinct role in enhancing the nitrogen in
soil as revealed by the highest soil nitrogen in this site among the five systems. High

organic carbon in this site can also be related to better perfonnance of herbage in terms of

biomass production.

Among the grass species, Festuca rubra, Panicum maximum and Chrysopogon
montanus were major contributors to the total aboveground biomass in systems I and 1,
whilelFestuca rubra, Chrysopogori montanus and Dactylis glomerata contributed
maximum to the total aboveground biomass of herbage in systems III, IV and V. The
major contribution towards total biomass by only few species has been reported by many
research‘ers (Blaisdell, 1958; Pearson, 1975 and Singh, 1968). The higher biomass
production of these species is also a manifestation of their better growth as is evident

from their consistently higher basal area and density throughout the study period.

Total below ground biomass (Table 11) also increased from July to August in all
the systems. The peak values were recorded as 13.25, 11.55, 12.91, 14.68 and 13.39 q/ha

in natural grassland, pine based silvipastoral system, hortipastoral system, improved

grassland and fodder trees based silvipastoral system. The gradual increase in

belowground hiomass from July to August was due to profuse growth and development
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of different species. Thus, continuous decrease in belowground biomass after attaining
peak values may be ascribed to the death of roots, their detachment from grass species
and their mineralization as reported by Aggarwal et al. (1978). Belowground biomass
" production of different species are in accordance with the results reported by Guleria
(1996), Singh and Yadava (1974), Dalai (1997), Kapoor (1987) for monsoonal
grasslands. Aboveground biomass production variations along the growing season in the

five systems can be gradaded as: system V > system 1V > system Il > system I > system
I1.

5.3 NUTRIENT CONTENT OF HERBAGE

During the study penod the average nitrogen content of aboveground biomass
ranged from 0.74 to 0.97 per cent in natural grassland, 0.95 to 1.50 per cent in pine based
silvipastoral system, 0.85 to 1.32 per cent in hortipastoral system, 0.83 to 1.23 per cent in
improved grassland and 0.85 to 1.44 per cent in fodder trees based silvipastoral system.
The nitrogen per cent of different species recorded in present study fall in the range
recorded for grasses by Bawa (1986), Kapoor (1987), Gupta (1988), Sharma (1988), Dass
(1995), Gulena (1996), Dalai (1997), Rao (1998) and Dutt (1999) for the grasses of
monsoonal grasslands of Himachal Pradesh. The variations in nitrogen concentration
with time revealed that nitrogen (%) in aboveground biomass of grasses attained the
ma.\'imuni values in 1st and/or 2nd fortnight of September. The results showed that with
the growth and germination of grasses, nitrogen (%) in vegetation started increasing and
attained highest nitrogen (%) at the time of peak vegetative growth in August/September,
thereafter,it declined as the vegetation entered post-bloom stage. Similar variations in
nitrogen (%) in plants with growth and development of vegetation have been reported for
monsoonal grasslands by many researchers like Bawa, 1986; Sharma, 1988; Gupta, 1988;
Verma, 1989; Guleria, 1996; Dalai, 1997; Rao, 1998. The reasons for higher nitrogen
content during peak vegetati\)e growth in rainy season can be ascribed to the hiéher
nitrogen uptake from soil as reported by Singh and Joshi (1979). Further, during the
active growth period plants absorb ammonia present near the ground surface as reported
by Denmead et al. (1976) which may result in higher nitrogen in plants. The decline in

nitrogen (%) after September may be due to the completion of active growth of plants
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and thereby lower nitrogen uptake accompanied by excessive loss of nitrogen through

leaching (Jones et al., 1977 and Jones and Woodmansee, 1979).

The belowground biomass showed the highest nitrogen per cent in 1st and/or 2nd
fortnight of September (Table 11). However, the average nitrogen (%) of belowground
biomass was less as compared to aboveground biomass, which may be due to faster rate
of translocation of carbon from shoots to roots in comparison lo the upluke rate of
nifrogen by plants and its continuous translocation to shoots during the growing period
(McGill et al., 1981). Such variations have also been reported by Billore and Mall, 1976;
Aggarwal er al., 1978 for tropical grasslands in India. They contended that amount of
rainfall have positive significant relationship for higher shoot/root nitrogen. The
difference in nitrogen(%) in belowground biomass various constituent species in differcnt
" systems can be related to differences in availability of soil nitrogen and its uptake by

grasses.

Average phosphorus content (%) in aboveground biomass varied from 0.07 to
0.14% in natural grassland, 0.09 to 0.13% in pine based silvipastoral system, 0.07 to
0.11% in hortipastoral system, 0.07 to 0.12% in improved grassland and 0.08 to 0.13% in
fodder trees based silvipastoral system, which falls with in the range as reported by Bawa
(1986), Kapoor (1987), Gupta (1988),. Guleria (1996), Dalai (1997), Rao (1998) and Dutt
(1999) for the grasslands of H.P. The phospho}us (%) of the vegetation increased from
July with the onset of growing season and the peak values were recorded in Ist and/or
2nd fortnight of September in different species. The increase in phosphorus (%) in
grasses along the growing season has been reported by Cole et al. (1977), Bawa (1986),
Gupla (1988), Guleria (1996) and Dalai (1997). Maximum phosphorus content at pre-
bloom state of grasses has also been observed by Joshi and Gupta (1984) and Sharma
(1991), while, Verma (1989) reported maximum phosphorus content of grasses at bloom
stage under chirpine. The differences in phosphorus content of different species with time
is due to differences in their growth and development as reported by Aggarwal (1978),

Bawa (1986), Kapoor (1987), Gupta (1988), Guleria (1996), Dalai (1997), Rao (1998)
and Dutt (1999).
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The phosphorus (%) in belowground biomass was less as compared to its
respective aboveground biomass in all the systems which may be due to the active
utilization of the element in aerial parts with the growth of grasses as contended by Bawa
(1986), Kapoor (1987), Guleria (1996), Dalai (1997) and Dutt (1999). The differences in
phosphorus (%) in above ground and below ground biomass of a species in different sites
as recorded in present study may be duec to the diffcrences in the availability of the

element in the soil and its uptake by grasses.

In the present study the average potassium content ranged between 0.64 to 1.11%
in natural grassland, 0.69 to 1.42% in pinc based silvipastoral system, 0.70 1o 1.30% in
hortipastoral system, 0.73 to 1.10% in improved grassland and 0.80 to 1.21% in fodder
trees based silvipastoral system. The potassium(%) in aboveground biomass of different
species showed an increasing trend with the start of growth of vegetation in July, The
average potassium content increased from July to September and thereafter, it decreased
upto October. Decrease in potassium content with advancement of growth may be due to
the loss of potassium through litterfall and leaching losses which is more in old tissues
than the young ones as reported by Wallace (1930) and Turkey (1970). Higher potassium
(%) at pre-bloom stage. than full-bloom stage has been reporicd by Blascr and
Kimbrought (1968).

The potassium (%) in belowground biomass was less as comparcd to ils
respective aboveground biomass in all the sites which may be due to active utilization of
the element during growth of aerial parts. The difference in potassium (%) recorded in
the present study for aboveground and belowground biomass of herbage vegetation in all
the systems may be attributed to the differences in efficiency of absorption and utilization
of this element. The results thus obtained in the present study are in consonance to the
findings of Bawa (1986), Gupta (1988), Sharma (1988), Guleria (1996), Dalai (1997) and

Dutt (1999) for monsoonal grasslands of H.P.

Calcium content in aboveground biomass registered a decreasing trend along the

growing season almost in all the systems (Table 15). The average calcium content varied
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from 0.86 to 1.68% in natural grassiand, 1.06 to 2.07% in pine based silvipastoral system,
1.50 to 2.58% in hortipastoral system, 1.59 to 2.36% in improved grassland, and 1.74 to
2.59% in fodder trees based silvipastoral system. Under fodder trees based silvipastoral
system more calcium content was recorded in the aboveground biomass than other
systems. The aboveground biomass registered more calcium content than below ground
biomass in all the species occurring in diffcrent systems. Qur results fall within the range
of calcium (%) in grasses observed by Bawa (1986), Kapoor (1987), Gupta (1988),
Guleriaz(l996) and Dalai (1997) for the grasslands of Himachal Pradesh. A continuous
decline in calcium (%) with the growth of vegelation may be ascribed to the phenological
changes as noticed by Bokhari and Singh (1975). Decrease in calcium content with the
advancement of growth of vegetation has also been reported by Fleming and Coulter

(1963), Sharma (1966) and Joshi and Gupta (1984).

During the study period the average magncesium (%) of aboveground biomass of
vegetation in different systems ranged between 0.42 to 0.60 per cent in natural grassland,
0.38 to 0.53% in pine based silvipastoral system, 0.33 to 0.46% in hortipastoral system,
0.34 10 0.57% in improved grassland and 0.36 to 0.50% in fodder trees bascd silvipastoral
system. The highest average magnesium (%) was recorded for natural grassland. The
magnesium per cent recorded in the grasses in present study are in consonance with the
results reported by Sharma (1988), Gulcria (1996) and Dalai (1997) for grasslands of
Himachal Pradesh. A gradual increase in magnesium (%) in aboveground biomass of
grasses was noticed in all the systems during the study period. Joshi and Gupta (1984)
reported that magnesium per cent increase in grasses as they reach maturity.  The
magnesium (%) of belowground biomass of grasses was less as compared to the
aboveground biomass in all the systems. These findings are in line with the results

reporicd by -Sharma (1988), Guleria (1996) and Dalai (1997).

5.4 PHYSICO-CHEMICAL PROPERTIES OF SOIL

The data presented in Table 12 revealed that nitrogen content in soil incrcased

with increase in organic carbon content. Thus, revealing that increase in nitrogen content
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ntent as reported by Kaushal (1992. The highest

of fodder tree based

is closely related to organic matter co
nitrogen content (485.79 kg/ha) was recorded for the soil

silvipastoral systemi which may be attributed to the nitrogen fixing ability of fodder trees

like Robinia pseudocacia, Acacia mollissima present in the site and high organic matter

content recorded in the soil of this system. The positive and significant correlation of
. . ( N

organic matter with available nitrogen has been rteported by Kaushal (1992). The

comparatively less nitrogen content in soils of other systems may be attributed to the

volatilization and leaching losses as contended by Mazumdar (1988).

The overall organic carbon per cent in different systems was in medium range.
The highest organic carbon per cent was recbrded for fodder tree based silvipastoral
system. [t may be due to the accumulation of leaf litter on the surface of site. Organic
carbon of medi-um range have also been reported by Minhas (1986); Mazumdar (1983);
Sharma (1991); Kaushal (1992) and Malik (1992) for the soils of Himcahal Pradesh.

In general, the soils in the present sites are rich in phosphorus content. Similar
results were found by Mazumdar (1988); Sharma (1991) and Malik (1992) for the soils of
Himachal Pradesh. The available potassium content in the soils were in medium range,
but can be considered rich in potassium which can be due 1o the presence of illite type of
'm'meral in Himachal Pradesh soils (Singh, 1987). Similar range of values for soil
potassium have been reported by Sharma (1991); Malik (1992). The value of bulk
density of the soils in present study were slightly low than the values recorded for soils of
similar vegetation by Minhas (1986); Malik (1992) for the soils of Hunachal Pradesh.

The possible region for low bulk density in present sites can be related to low organic
matter as contended by Kaushal (1992).
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Cliapter-6
SUMMARY AND CONCLUSION

In order to fulfill the objectives of the present study “Floristic and productivity
varations ambng different tree based pasture systems vis-a-vis grasslands in temperate
region” was conducted in district Shimla at Regional Horticultural Research Station,
Mashobra under Dr Y S Parmar University of Horticulture and Forestry, Nauni, Solan

(HP). The results of the investigation have been summarized under following hcads:

6.1 FLORISTIC COMPOSITION AND PHYTOSOCIOLOGY OF HERBAGE

A scrutiny of floristic composition showed that in all, there were nine grass
species, one fern and two non-legumes in different systems. In the present study, the
variation in floristic composition of different systems showed higher number of species in
1st and 2nd fortnight of July. Among grasses, the common species in all the systems were
Festuca rubra, Chrysopogon montanus, Panicum maximum. Dactylis glomerata which is
an exotic grass and introduced in grasslands was present only in hortipastoral system,
improved grassland and fodder trees based silvipastoral system. Density and basal arca of
vegetation in all the systems decreased from July to Oclober.  Total density and basal
area of different species was higher in natural grassland and improved grassland as
compared to other systems. Frequency of species did not show any particular trend.
Among the different species, Festuca rubra, Panicum maximum and Chrysopogon
montanus were major contributors to the total density and basal area in system I and I,
while Festuca rubra, Chrysopogon montanus and Dactylis glomerata were major
contributor to total density and basal area in system 11, IV and V. According to the
values of IVI of different specics, systems I and II can be designated as Festuca -

Panicum - Chrysopogon type of community, system IIl and 1V can be designated as

Festuca - Chrysopogon - Dactylis, system V can be designated as Festuca - Oplismenus -



Daciyvlis type community. There was not much variations in average values of species

diversity in all the systems. Highest similarity index was recorded for system [il and IV.

6.2 PRODUCTIVITY OF HERBAGE

During the study period the total aboveground and belowground biomass of
herbage vegetation increased from July to Scptember and therealler, it decreased till
October in all the systems. The biomass production was highest in system [V, while
lowest was recorded in system 1. The total above ground biomass of individual species
was higher as compared to their belowground biomass on each sampling date in all the
systems. Among different grass species, Festuca rubra, Panicum maximum and
Chrysopogon montanus were major contributors to the total biomass production in
system | and 1, while, Festuca rubra, Dactylis glomerata and Chrysopogon montanus
were major contributors to total biomass production in systems III, IV and V. In general
the total biomass production in different systems can be raled as : system 1V > system V

> system Il > system I > system [[.

6.3  NUTRIENT CONTENTS OF HERBAGE

In the present study, the herbage was analysed for N, P, K, Ca and Mg. The N, P
and K contents of herbage incréased from July to August/September, thereafter it
decreased till October end. The Ca content of herbage was maximum in July and showed
decreasing trend throughout the study period, while, Mg content of herbage revealed
increasing trend throughout the study period. The aboveground biomass of different
species had higher nutrient contents (N, P, K, Ca and Mg) than their belowground

counterparts in all the systems on different sampling dates.

6.4  PHYSICO-CHEMICAL PROPERTIES OF SOIL

The available nitrogen content in the soils of all the systems fall under medium
category. Highest available nitrogen content among the five systems was recorded in

fodder trees based silvipastoral system. The available phosphorus content of soil in all the
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systems fall under medium category and highest phosphorus content was recorded in pine

based silvipastoral system. Similarly the available potassium content of soil in all the

systems fall under medium category and highest potassium content was recorded for

improved grassland. There was not much variation in organic carbon content in differcnt

systems, however, highest organic carbon was recorded in fodder trees based silvipastoral

system. Similarly, there was not much variations in the bulk density of soils of different

systems, however, the highest bulk density was recorded for natural grassland.

CONCLUSION

LJ

It is evident that in monsoonal climate the grassland vegetation starts its
germination and growth as the pre-monsoon showers are reccived in Junc.
Various structural paramcters of vegetation like, floristic composition, hcrbage
diversity, density and basal area are regulated in accordance with the rainfall

pattern. Forbs generally complete their life cycle by mid-rainy season.

Density and basal area of vegetation achieve the peak values by August,

thereafter, there is decline in values of these parameters.

Herbage diversity in managed systems is less as compared to natural systems,
thus, in the present study natural grassland showed higher diversity compared to
improved grassland, hortipastoral system and fodder trees based silvipastoral

system. Pinus wallichiana adversely effects the herbage diversity.

On the basis of IVI values of species grasslands of systems I and II can be
recognized as Festuca - Chrysopogon - Panicum type and similarly grasslands of

system IlI to V can be designated as Festuca - Dactvlis - Chrysopogon type.

Aboveground biomass follows the increasing trend with the advent of rainfall in
June and achieves peak biomass in late August/early September comparing the
five systems of the present study it can be inferred that biomass production at

different time was in the order : System IV > system V > system III > system [ >
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system Il Pinus wallichiana adversely affects the biomass produclion of

understorey vegetation.

Daciylis glomerata has higher biomass production potential and thus resulted in

high aboveground biomass in systems I{I to V.

"Nutrient contents of vegetation (N, P and K) of grasses increase with the growth
of vegetation and achieves peak value at peak vegetatlive growth in
AugustScpiember. Calcium decreases with growth of grasses. Magnesium is

highest at post-bloom stage.

Nitrogen fixing trees in grasslands increase soil nitrogen and thereby biomass

production t00.
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Appendix 1. Relative density of different grass species in systems 1 (natural grassland), 11 (pine based silvipastoral system), 111 (horti-pastoral system), 1V

(improved grassiand), V (fodder trees based silvipastoral system) during the study period at different sampling intervals

JU LY AUGUST
Specics Ist Fortmight 2nd Fortnight Ist Fo.nnigh( 2nd Fortnight
System System System System

1 ] 1l v \'% 1 i! 1 v \Y% | il 1] v v | 1 1 AY vV
Heteropogon contortus IS8l 2849 499 3507 3585 17.63 - - - . - . - - - - - -
Themeda triandra - - - - - - - - - - - - 6.84 - 8.6l - - 146
Festuca rubra 2450 3559 2072 2663 16.53 2572 4041 3528 4920 3215 62,75 4902 2566 4246 29.79 47.26 54.42 37.14 4040 2941
Panicum maximum 16.73 699 712 13.92 - 3093 25.17 4.6l - - 14.56 1266 12.50 - 9.22 932 1420 1789 1592 3056
Bromus inermis 7.31 - - - - - - 20.15 23.27 - - - - - - . - . . .
Oplismenus compositus 9.60 - - - 25.40 2.59 - - - 14.50 - - - - - - - - R -
Chrysopogon montanus 1480 2347 1685 1036 8.59 2142 31.10 1843 1444 36.52 2086 3579 1628 19.84 3145 3481 2928 2277 2202 2347
Hemarthria protensa 11.25 5.46 19.22 563 - . - . . - - - - - - - . - . -
Dactylis glomerata - - 3110 879 13.63 - - 1942 13.09 16383 - - 3286 30.11 2955 - - 19.73 4002 16.66
Miscellaneous - 2.60 - - - 1.71 332 2.11 - - 1.83 2.53 - 0.7s - - 210 247 4.8 -

SEPTEMBER OCTOBER
Species 1st Fortnight 2nd Fortnight 1st Fortnight 2nd Formight
System System System System

1 i 11 % Vv ] I 1l v Vv i 1 ] v Y 1 1 1l v N
Heseropogon contortus 15.36 - - 11.16 - - - - - - - - . - - 439 - - - -
Themeda triandra 235 2117 - 1124 - 6.13 - - 641 - 2158 - . - . 2889 - - - -
Festuca rubra 1773 5424 4634 46389 4195 4129 7092 6048 67.50 48.56 47.30 87.42 56.58 4867 18.13 3530 47.50 1899 2269 31.10
Panicum maximum 4336 1003 648 . - 4204 1071 - - . 1512 - . - - . - - - -
Bromus. inermis - - . - - - - 5.64 . - - - - - - - - - - -
Oplismenus compositus - - . 9.79  29.37 . - 875 674 2559 - - . - 1857 - - - - 24l
Chrysopogon montanus . - - - - 1054 11.06 - . - 16.00 - 22.14 - - 31.42 47.74 32,78 3148 23.20
Hemarthria protensa - - . - - - - - - - - . 11.79 . - - - - -
Dacrylis glomerata . - 4738 2092 28.68 . - 2513 1935 2585 - - 2128 3954 6330 . . 4823 4583 20.53
Miscellaneous - 7.96 - - - - 7.51 - -

12.58 -

- 476 - -




Appendix 1. Relative basal area of different grass species in systems 1 (natural grasstand), 11 (pine based silvipastoral system), 11 (horti-pastoral system), 1V
(improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals

JULY AUGUST
Species Ist Fortnight . 2nd Fortnight 15t Fortnight 2nd Fortnight
pect System System Sysiem Systiem

1 il ] v \Y | 1 1 I\ v i 1l (1] v Y [ " 1] v v
Heteropogon contartus 15.93 24.77 8.40 339 2450 18.02 - - - - - - - - -
Themerda triandra - - - - - . - 19.92 - 20.52 - - 10.23
Festuca rubra 2118 2826 2037 21.24 1692 23.78 3884 29.56 3944 30.53 5337 49.560 30.16 34.27 3313 36.87 49.55 30.87 31.05 26.99
Panicum moximum 17.14 1674 1010 1527 - 21591 3100 992 - - 16.79 1682 2045 - 16.10 15.62 2368 2079 1735 29091
Bromus inermis 10.87 - - - 2165 25.56 - - - - . - . - -
Oplismenus campositus 9.76 - - - 20.11 3.95 . - - 17.27 - - - - - - - - -
Chrysopogon monianus 1505 2083 1629 1082 19.44 2641 2784 17.47 1197 3179 26.21 3093 20.15 21..04 26.09 2699 2501 2615 2435 25.64
Hemaorthria protensa 10.07 806 1845 9.13 - - - - - - . - - . - - R -
Dacyylis glomerata - - 2639 1315 17.03 . - 1998 1723 204l . 2924 23.68 24.68 - - 2005 1434 1746
Miscellaneous - 1.34 - - - 133 202 142 - - 163 269 1.13 - - 176 214 268 -

SEPTEMBER OCT B ER
Species Ist Formight 2nd Fortnight Ist Formight 2nd Fortight
System System System System

| 11 [T} v \4 | 1l i v \Z t il 111 v \J 1 1 11 v v
Heteropogon contortus 16.79 - - 11.26 - - - - - - - - - - - 11.06 - - - -
Themeda triandra 210 2233 - sy - 1624 - - 1802 - 1818 - - - - 2402 - - - -
Festuca rubra 36.52 4671 2403 4451 46.22 3946 6038 53.83 51.90 47.76 46.61 7863 5598 5096 21.34 31.13 4540 22.11 24.16 3061
Panicum maximum 2558  19.27  12.26 - - 3428 2094 - - - 21N - - - - - - - - -
Bromus inermis . - - - - . - 10.33 . . . - - - - - - - - -
Oplismenus compositus - . - 10.18  27.08 - - 1036 867 23.52 - - - - 19.76 - - - - 2429
Chrysopogon monianus - - - . - 1002 945 - - . 16.10 - 22.14 - - 33.79 4248 3737 3630 23.9
Hemarthria protensa - - - . . . R . R . R 16.10 _ - R - . -
Dactylis glomerata - - 39.51 2246 2670 - - 2448 2141 2872 - - 2188 3294 S8.90 - - 4052 3954 2114
Miscellaneous - 11.69 - . . 923 - - -3 - - . - 12 - . .




Appendix 1. Relative frequency of different grass species in systems [ (natural grassland), 11 (pine based silvipastoral system), 111 (horti-pastoral system), IV
(improved grassland), V (fodder trees based silvipastoral system) during the study period at different sampling intervals

T U LY AUGUST _
Species 1st Fortnight 2nd Fortnight Ist Fortnight 2nd%!~o‘nn|ghl
System Syswem System System
I it 1] v v ] I i v Y [ n i v Y ] 1l i v Y
letcropogon contortus 2143 2353 1429 2857 2143 1429 - - - - - -
Themeda triandra . ; . ; ; . - . - - 14.29 18.18 - 1250
Festuca rubra 2857 17.65 - 2143 1428 28.58 3333 2108 2858 294l 41.67 44.4% 3333 3571 3571 3637 2727 4545 31.25 3571
Panicum maximum 1429 1765 714 2143 . ISh 2500 770 - 1667 2222 10t - 1429 1818 3636 909 1875 21.4)
Bromus inermis 7.14 - - - - - - 770 21.43 . - - - - - - - - - -
Oplismenus compositus 14.28 - - - 21.43 7.14 - - - 17.65 - - - - - - - - . -
Chrysopogon montanus 714 1176 1429 7.4 21.43 1429 2500 21.08 2858 29.4) 2500 1101 2222 1429 28.58 27.27 1818 1818 1250 21.43
Hemarthria protensa 7.14 11.76 21.43 1429 - - - - . - - - - - - - - - - -
Dactyiis glomerata . . 2142 714 2143 - - 2108 2141 23.53 - - 3334 2857 3334 . - 3637 1250 21.43
Miscellaneous - 17.65 . . . 1429 1667 769 - - 1666 2222 - 114 - - 1819 909 1250 -
SEPTEMBER OCTOBER .
Species 1 S‘S‘;‘:"‘:‘;Sh‘ 2ndsf;cs>lr::ght 1 s(si;c:rlsm ,:1 ght zndsf;::: ght
] I 11 v v ] 1] m Vv v ] 1l 1l v v I 1 m v v
Heteropogon contortus 20.00 - - 7.69 - - - - - - - - - - - 8.33 - - - -
Themeda iriandra 2667  25.00 - 1538 - 1429 - - 1667 - 3333 - . - - 3333 - - - -
Festuca rubra 20,00 3333  41.67 3077 35.71 3571 5000 3846 4167 3333 3333 5000 4545 1250 10.00 3334 2500 4545 20.00 20.00
Panicum maximum 3333 833 1666 - - 3571 2000 - . - 1667 - - . . - - - - -
Bromus inermis - - - - - - - 15.39 . - - - - - - - - - - -
Oplismenus compositus - - - 1538 28.58 - - 769 833 3333 - - . - 40.00 - - - - 2666
Chrysopogon montanus . . - - - 1429 2000 - . - 1667 - 910 - . 2500 5000 9.10 3000 26.66
Hemarihria protensa - - - - - . IV . . . - - 2500 - - - - - -
Dactylis glomerata - - 4167 3078 357) - - 3846 3333 3334 - 4545 62.50 50.00 - - - - 2668
Miscellaneous - 33.34 - R - . 10.00 . . . . 50.00 . . . - 25.00 45.45 50.00 -
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The present investigations were carried out to study the floristic and productivity variations among
different tree based pasture systems vis-a-vis grasslands in temperate region during 2000 in district Shimla at RHRS,
Mashobra. In all five different systems viz., natural grassland, pine based silvipastoral system, hortipastoral system,
mproved grassland and fodder trees based silvipastoral system, were sclected and compared for their floristic and
productivity ‘variations durning study period. The floristic composition showed that in all there were nine grass
. species, one fern and two non-fegumes. There were higher number of species in 1% and 2™ fortnight of July. Density
and basal area of vegetation in all the systems decreased from July to October. Total density and basal arca of
different species was higher in natural grassland and improved grassland. Among grasses, the common specices in all
the systems were Festuea rubra, Chrysopogon montanus and Panicum maximun. Daciylis glomerata was present
only in hortipastoral system, improved grassland and fodder trees based silvipastoral system. Accoding to the values
ol IV af different species, systems I and 11 can be designated as Festuca ~ Panicum — Chrysopogon type. system 111
‘and 1V can be designated as Fesruca — Chrysopogon — Dactylis type and system V can be designated as Festuca ~
Oplismenus — Dactylis type community. Average values of species diversity in all the systems were almost similar.
Higher similarity index was recorded for systems III and IV. The total aboveground and belowground biomass of
herbage vegetation increased from July 1o September and thereafter, it decreased till October in all the systems. In
general total aboveground biomass production in different systems can be graded as : system [V > system V >
system III > system I > system II. The N,P and K contents of herbage in these systems increased from July to
AugustScptember, thereafter it decreased. The Ca content of herbage showed decreasing trend while Mg content
showed an increasing trend along the study period. The available N, P and K contents in the soils of all the systems
were under medium category. There was not much variations in organic carbon content and bulk density of different

systems.
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