
FLORISTIC AND PRODUCTIVITY VARIATIONS AMONG 
DIFFERENT TREE BASED PASTURE SYSTEMS VIS-A-VIS 

GRASSLANDS IN TEMPERATE REGION 

ANIL KUrJlAR 

SUVil1itt(!{) In,p'7rti'7fjul}lfmento/tlie requirements,lor tlie 
iJegree £!l 

MASTER OF SCIENCJ; 

, 
tn 

AGROFORESTRY 

-. \4:-\", " 
~.' . .",, ' -, '" 

COLLEGE OF FORESTRY 
/),.. l'ash ll'ant Singh Parmar University 0." 

I Jorliculture and Forestry, Nauni, 
.~ol(tn - I 7.1 2.10 (II.P.) IND/~4 

2001 



· ,_ 
, , 



Or Y.S. Parr"la, Um\Wr~ 

R9rtjcul~'JJe {{/ r;ore~tr 
olar ;' .),\.( .., .; .., 

nCc;ess "cmNo _ 4 {) 0 13 
[)ak-.t.3.{o· ~o.1 p.;C(-



Dr. B. Gupta 
Associate Professor 

Department of Silviculture and Agroforestry 
College of Forestry 
Dr. Y.S. Parmar University of Horticulture and 
Forestry, Nauni, Solan (H.P.) - 173 230 

CERTIFICATE .. I 

This is to certify that the thesis entitled "Floristic and productivity 

variations among different tree based pasture systems vis-a-vis grasslands 

in temperate region", submitted in partial fulfilment of the requirements for the 

award of degree of MASTER OF SCIENCE in AGROFORESTRY to Dr. 

Yashwant Singh Parmar University of Horticulture and Forestry. Solan (H.P.) is 

a bonafide research work carried out by Mr. Anil Kumar (F-99-1-M) under my 

guidance and supervision. No part of this thesis has been submitted for any other 

degree or diploma. 

The assistance and help received during the course of investigations 

have been fully acknowledged. 

Place 
Dated: 

Nauni, Solan 
31 July, 2001 

( . upt ) 
Chairman 

Advisory Committee 



CERTIFICATE-II 

This is to certify that the thesis entitled "Floristic and productivity 

variations among different tree based pasture systems vis-a-vis grasslands 

in temperate region", submitted by Mr. Anil Kumar (F-99-1-M)to Dr. Yashwant 

Singh Parmar University of Horticulture and Forestry, Solan (H.P.), in partial 

fulfilment of the requirements for the award of degree of MASTER OF 

SCIENCE in AGROFORESTRY has been approved by the Student's Advisory 

Committee after an oral examination of the same in collaboration with the 

external examiner. 

. External Examiner 
Chairman 

Advisory Committee 

---------------~~----------------~ Professor and Head 
Department of Silviculture and Agroforest 

q{o/ 



ACKNOWLEDGEMENTS 

With limitless humility, I would like to thank God for patience, perservance and 
industry whic;' was bestowed on me to cross this important milestone of academic career. 
No doubt these blessings were manifested in the form of love, affection and inspiratioll 
provided to me by my parents, who made endless sacrifices to see this dream tum illto 
reality. 

With all overwhelming sense of legitimate pride alld genuine obligations which 
gives me exuberant pleasure and privilege to express my heartfelt gratitude alld 
indebtedness to acumillous, prudent and dignified Chairman of my Advisory Committee, 
Dr B. Gupta, Associate Professor, Department of Silviculture and Agroforestry, for his 
expert guidance, immaculate suggestions and encouragemelZl during the entire course of 
study. 

I extend my sincere thanks and regards to Dr RK Nayital, Scientist (Silviculture), 
Dr lR Sharma, Scientist (RHRS, Mashobra) and Dr D Tripathi, Associate Professor (Soil 
Sciences), able members of my advisory committee for their critical comments and 
innovative ideas during the present investigation. 

I would like to address my sincere and loyal regards to Dr VK Mishra, Prof and 
Head, Department of Silviculture & Agroforestry for providing preconditions and 
facilities during the course of investigations. 

My si1Zcere thanks are also due to all my teachers with special reference to Dr KS 
Verma, Dr PS Thakur. Dr SD Bhardwaj. Dr NK Gupta. Mr M Prabhakar alld Dr OP 
Sambhar for their critical, ideological and intellectual suggestions and contributiolls . 

. I would like to thank all my seniors and frellds Ranjeet Sir. Mahapatra Sir, 
Bha/nagar Sir, Tara Sir, Chauhan Sir, R. Kaushal Sir, Dutt Saab, Rocky Sir. Pradeep Sir. 
Vikas Sir, Reddy Sir, Nishallt, Lt Vivek, Lt Sunneel, PUlZIlU. Suman, Vikas, SOlllllll, Satya, 
Kanan, Naresh. Narender. Anita, Kanu, Meenakshi, Bihari Sir. Richa ji. Negi Sir for 
providing their selfless persuation and nice company during my study period. 

My heartiest thanks are alsodue to all lab, office and field staff especially lK 
Sharma ji, Padamji. Vi relldraji, Kharaku ji, Ganga Ram ji for their sincere assistance as 
lIlld H'lien required during the period of this study. 

Dedication, hidden blessings and sacrifices of my venerated grandmother. uncles, 
aWlTies. parents, brothers, sisters, bhabhi!s entitle a little more than this mere 
acknou:ledgemelll. The sweet faces of Aarti. lyoti,Bhanu, Piyush, Goldy, Shublzam and 
Aaslru needs special mention .. 

DPT computers. Nauni needs due appreciation for giving final shape to this 
docltl1lelll. 

Needless to say errors and omissions are mille. - -
Date: July 31, 2001 
Place: Nauni. Solan (Anil Rumar ) 



I CONTENTS 

Chapter Title Pagers) 

1. Introduction 1-3 

2. Review of Literature 5-14 

3. Materials and Methods 15-22 

4. Experimental Results 23-74 

5. Discussion 75-86 

6. Summary and Conclusions 87-90 

References (i)-(viii) 

Appendices I-Ill 



LIST OF TABLES 

Table Title Pagers) I 
1. Silvological characteristics of tree components in system I 17 

(natural grassland), II (pine based silvipastoral sustem), III 
(hortipastoral system), IV (improved grassland), V (fodder 
trees based silvipastoral system) 

2. Method for analysis of different soil parameters 22 

3. Floristic composition of different grass species in systems I 28 
(natural grassland), II (pine based silvipastoral system), III 
(horti-pastoral system), IV (improved grassland), V (fodder 
trees based silvipastoral system) during the study period at 
different sampling intervals 

4. Density of different grass species in systems I (natural 26 
grassland), II (pine based silvipastoral system), III (horti-
pastoral system), IV (improved grassland), V (fodder trees 
based silvipastoral system) during the study period at 
different sampling intervals 

5. nasal area of different grass species in systems I (natural 29 
grassland), II (pine based silvipastoral system), III (horti-
pastoral system), IV (improved grassland), V (fodder trees 
based silvipastoral system) during the study period at 
different sampling intervals 

6. Frequency of different grass species in systems I (natural 32 
grassland), II (pine based silvipastoral system), III (horti-
pastoral system), IV (improved grassland), V (fodder trees 
based silvipastoral system) during the sludy periud al 
different sampling intervals 

7. IVI of different grass species in systems I (natural grassland), 35 
II (pine based silvipastoral system), 1I1 (horti-pastoral system), 
IV (improved grassland), V (fodder trees based silvipastoral 
system) during the study period at different sampling intervals 

8. Shannon's index of species diversity in system I (natural 38 
grassland), II (pine based silvipastoral system), III (horti-
pasloral system), IV (improved grassland), V (fodder trees 
based silvipastoral system) during the study period at different 
sampling intervals 

9a. Similarity index between system I (natural grassland), II 39 
(pine based silvipastoral system), III (horti-pastoral system), 
IV (improved grassland), V (fodder trees based silvipastoral 
system) during the study period at different sampling intervals 

9b. Similarity index in different system during the study period 39 
[ 



[ Table Title Pagers) I 
10. The variation in above ground biomass (q/ha) of different 40 

grass species in systems I (natural grassland), II (pine based 
silvipastoral system), III (horti-pastoral system), IV (improved 
grassland), V (fodder trees based silvipastoral system) during 
the study period at different sampling intervals 

11. The variation in below ground biomass (q/ha) of different 43 
grass species in systems ( (natural grassland), II (pine based 
silvipastoral system), JII (horti-pastoral system), IV (improved 
grassland), V (fodder trees based silvipastoral system) during 
the study period at different sampling intervals 

12. Variation in nitrogen (%) of different grass species in systems 46 
I (natural grassland), II (pine based silvipastoral system), III 
(horti-pastoral system), IV (improved grassland), V (fodder 
trees based silvipasloral system) during the study period at 
different sampling intervals. (Values in parentheses represent 
nitrogen per cent in belowground biomass) 

13. Variation in phosphorus (%) of different grass species in 53 
systems I (natural grassland), II (pine based silvipastoral system), 
III (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) 

14. Variation in potassium (%) of different grass species in systems 58 
. I (natural grassland), II (pine based silvipastoral system), III 
(horti-pastoral system). IV (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) 

15. Variation in calcium (%) of different grass species in systems 63 
I (natural grassland), II (pine based silvipastoral system), III 
(horti-pastoral system), IV (improved grassland), V (fodder 
trees based silvipastoral system) during the study period at 
different sampling intervals. (Values in parentheses represent 
calcium per cent in belowground biomass) 

16. Variation in magnesium (%) of different grass species in 70 
systems I (natural grassland), II (pine based silvipastoral 
system), III (horti-paslOral system), IV (improved grassland), 
V (fodder trees based silvipastoral system) during the study 
period at different sampling intervals. (Values in parentheses 
represent magnesium per cent in belowground biomass) 

17. Soil physico-chemical properties of different system I (natural 73 
grassland), II (pine based silvipastoral sustem), III (hortipastoral 
system), IV (improved grassland), V (fodder trees based 

[ 
silvipastoral system) 



INTRODUCTION 



e~-I 

INTRODUCTION 

India is an agriculturally dominant country and cattle are important part of it. 

Indian fanners 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 r.lore in hilly regions of Himachal 

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

here. 

Grassland vegetation in India especially 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 forest 

type under natural succession. In Himachal Pradesh, t~ere are 34.9 percent pasture land 

out of a total legally defined forest area of 66.48 per cent as per the records in statistical 

outline of H.P. 1998. Nearly entire north facing slopes of Himalayas are more heavily 

forested than those with Southern aspect supporting mostly mixed type of grassland 

communities (Gas~on et (1/., 1981). Himachal Pradesh supports more than 52 lakh of 

livestock population on 55673 km2 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 pastures 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). N'ltlmtl 



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 same land management 

unit . Within this broad category, several types of sub-systems and practices can be 

identified depending on the role of trees I 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 tr~es and shrubs species and 

various management intensities ranging from extensive nomadic silvipastoralism to very 

high intensi~y cut and carry fodder syst~ms, have been practised in various countries. 

Silvipasloral system of fanning has been recognised as a input technology for increasing 

forage and fuelwood production from the vast wastelands and degraded grassland of the 

country. The productivity from improved grasslands through silvipastoral system of 

forage production at lhansi, registered a three fold increase (Hazra, 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 themselves which 'ultimately detennine 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 infomlation on floristic composition remains a basic requirement for 

any such study. 

~tudy of phytomass in production ecology helps to have deep 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 

2 



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 below ground 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 biomes and play , 
signi ficant role in the economy of the 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 growing 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. 

ii) Biomass productivity of herbage. 

iii) Nutrient changes in grass during growing season. 

iv) Soil nutrient status of different systems. 

3 
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REVIEW OF LITERATURE 

. Si Ivipastoral 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 

resources. 

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 ecosystems c.g. forest, agricultural land, 

rangeland etc. It is difficult to give infomlation on floristic composition, strati ficalion 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 governs the dominance, growth, structure and floristic composition. The study 

carried out by Chopra (1956) on grasses of Kashmir reported that Slipa 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 

alla/hera. 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 }uliflora. 

Delldrocalamus slric/Us and mixed plantations etc. and reported Apluda (Iris/ala being 

the dominant herbage species possessing maximum frequency and density in D. sissoo. 

Acacia caleclz~1 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 composition and herbaceous vegetation with the varying climatic and biotic 

stresses. Singh et 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 

Herteropogol1 contortus Beauv., Arzmdinella nepalensis Trin., Cluysopogoll gryllus 

Trin., Botlzriochloa pertusa and Arundillella camus. Whereas, those at 2915m consisted 

of Agrosris cllIlia L.; A. slolani/era L.; Fesluca gigantea L.; Dactylis glomerala .L. and 

Brollllls illermis 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 a:1d various other 

attributes such as grazing, cutting and burning which were found to have considerable 

impact on the grassland vegetation functioning. 
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Sajwan et. al. (1980) in his study on forage yield on different habitats in low 

Ambala Shiwaliks reported that maximum Importance Value Index (lVl) of Chrysopogoll 

[UIVllS was under Eucalyptus spp. and Acacia catechu. Reduction of forage under trees 

and increased percentage of perennial grasses have been reported by Ahuja eta/. () 985) 

and they ascribed it to uneven rainfall. Chaturvedi and Mishra (1985) recorded 20 percent 

less grc;lss under trees than the open, at Dudhwa National Park at Uttar Pradesh. 

Singh et al. (1985) observed floristic composition of local grass under two age 

groups of chir pine (J 5 years and 30 years) and open grassland and observed 

Chrysopogoll sirrulalus as a dominant grass species under and outside 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 el al. (1988) studied the floral ecology of central Himalayan chir pine 

forests and reported Allthraxon lallci/otius as the dominant grass species 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) reported effect of soil water availability on species diversity and found maximum 

species in September and minimum in May. Grass species of perennial herbs under Pillus 

kesiya of Shillong in Meghalaya and also mentioned that most of the indigenous ground 

vegetation is 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·2 to 2093.67 m·2• Among individual grass species, Themecla 

allalhera attained the highest density in July, whereas, lowest density was contributed by 

Imperala cylilldrica in the month of September. He further found that species diversity of 
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herbage vegetation under chirpine trees and in open grasslands varied from 0.679 to 

0.984 and 0-929 [C? 0.966, respectively at Solan in H.P. 

McIntosh (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 el. al.(1975) reported the dry matter yield-of grasslands of H.P. varied from 

250-518g1m2
• They also observed lower dry matter yield with increasing altitude upio 

2915 m beyond which dry matter yield registered a phenomenal increase. In general, 

grasslands located between altitudes 2360-2915m showed low productivity. Pearson 

(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 1Illdulala, Albizzia lebbek and prosopis juliflora in arid region. 

The study carried out by Aggarwal el al. (1978) at CAZRI, Jodhpur revealed that 

among two grasses viz., Cenchrus ciliaris and C. seligerus the minimum value of 

aboveground biomass was obtained in the month of June for C seligerus (28 glm2) and in 
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May for C.ci/iaris (63.5gltn2). Whereas, maximum aboveground biomass was recorded in 

October 150 glm2 and 210 glm2 for both the species, respectively. 

Ahuja et Cli. (1978) investigated the biomass production of herbage undcr 15 years 

old stands of Alhizz;a lebhek. Prosopis cineraria and Acacia senegal and reported 1.4 to 

1.5 Llha air dry herbaceous biomass under first three species, the herbage production 

under Acacia senegal was reported significantly less (0-7 Vha) than the other two species 

due to higher tree density. Pandey (1978) studied the seasonal variations in biomass 

productivity'in protected grassland ecosystems and recorded 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 associates 

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 species and registered maximum green forage yields under Euculypllls 

plantation. Melkania et al.· (1983) pointed out that grass productivity increased markedly 

under protection from grazing. However, they maintained that Pinus roxbllrghii had some 

deleterious effect on the herbaceous vegetation and production of herbaceous vegetation 

was not upto the mark even under heavy protection. 

Ahuja et 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 y.ears of scarce rainfall but the total grass production of forage species was highest 

under Prosopis cineraria followed by Techomella ulldula/a. Albizzia lehbek and Acaicll 

senegal even though the density of trees under Prosopis cineraria was doubled than 

Alhizzia lehbek. 

Rajvanshi el a/. (1987) in the study on herbaceous undegrowth in some forest 

habitats in Nilgiries reported that total biomass production of grasses varies with the tree 
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specIes. Chatufvedi el al. (1988) reported 241 g/m2 of total dry mattcr production of 

herbaceous vegetations under chir pine and out of which 175g1m2 was contributed by 

aboveground biomass. Uresk and Severson (1989) reported t~at productivity of 

understorey vegetation increased with decreased in basal area per hectare of tree 

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 Knowels (1988). 

The study carried out by Saha and Saxena (1990) revealed that the contribution of 

grasses and sedges under Quercus leucolrichophora was around 90 percent. They further 

observed that Themeda allathera alone contributed 50 per cent under Pill us roxburghii. 

Melkania (1991) observed that grasses contributed about 93.5 percent of the aboveground 

biomass in Pinlls roxbllrghii plantations with Heteropogon contor/us being the dominant 

grass. 

Gupta et at. (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 et al. (1994) observed reduction in rate of 

transpiration. leaf temperature, and stomatal conductance of grasses under tree canopy 

which ultimately led to low biomass production. They further noticed that Cellchrus 

ciliaris grew successfully under tree canopy. 

Dass (1995) observed reduction in herbage quantity in pine stands as compared to 

that in open grassland. Similar trend was also observed by Guleria (1996) in Chirvine 

stands grazing is another factor affecting slructure and function of grassland ccosytel11. 

The study conductcd by Seth (1996) in a free grazing alpine psalure lands of Kashmir 

revealed that ahoveground biomass in grazed site was more (118.23 g/m2) than in fenced 

site (113.65 glm2) thereby indicating that seasonal grazing significantly affect the 

structural and functional attributes of alpine pasture land. 

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

primary productivity and turnover of dry maller of paragrass (lJrac/Jiarill IIl1tlica) under a 
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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 SoJan (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 

three awned grass' in fresh herbage growth, grown under slash pine in United States. He 

furth~r 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 signi ficant and 

positiv~ effect on the abovegroundlbelowground 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 after September was also noticed by 

Dogra et al.( 1979) in grassland vegetation of H.P. They observed highest crude protein 

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

progressed. 

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

submontaneous grasses of Himachal Pradesh. Joshi and Gupta (1984) noticed decrease in 
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calcium and increase in magnesium with advancement of growth. while phosphorus was 

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

Saha el 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. (I985) 

inferred that nutrient contents of grasses varied significantly with fertilizer application 

and found that fertilizer application under chirpine trees increased Nand 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, ea 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 et al. (1993) recorded increased N, P and K in understorey of 

Acacia (ortilis and A. digitata in comparison to open grassland. 

Guleria (1996) opined that there was not much different in nutrients of grasses 

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/September 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 {I 998), Dutt (1999) for 

grasslands at Solan, H.P. 
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Hazra (1990) reported that the result of a 7-year old study with Leucaella 

lellcocaephala. Acacia lIilo/iea. Albizzia lebbek and Albizzia procera tested against open 

grassland without trees. LeueaellQ Leeucocaephala lowered the soil pH and raised the 

nutrient status of soil remarkably as compared with open grassland. Callway (1991) in his 

study on nutrient cycling of grass species in California found that grass productivity was 

likely to be facilitated under ban oak by nutrient input through litterfall. 

Park el al. (1988) in a study using artificial shading 10, 25, 50 and 75 per cent 

shades on Dac/ylis glomera/a. Phleum pratellse. Lotium perenne and Trifolium repells 

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

2.4 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 variation 10 soil r.ropertics surrounding Pillus 

eOIl/orla trees in southern california and reported decreased soil organic carbon, Nand 

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 Shanna (1991) revealed that avai lable nitrogen varied 

from 94.0 to 233.0 ppm under different association of chirpinc in Solan district. The 

results obtained were similar to those of Malik (1992) for the same area. 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 

unifonnly distributed 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. Shanna (1991) found that available phosphorus varied [rom 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 (Sharnla, 1991) 

The bulk density of forest soils varied from 0.2 and 1.9g1cc in organic layer and 

coarse sands, respectively (Pritchett, 1979). Hazara el al. (1973) reported that soil bulk 

density decreases with increase in organic matter content of soit. Similar observation 

have been reported by Pritchett (1979); Bhagat and Acharya (1989). The sllrf~lce 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 different 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 selected 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 oN latitude and 77.l°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-temperate and 

temperate. The study site fall between agroclimatic zone II and III i.e. Temperate Wet 

zone. This region is subjected to high rainfa]) during monsoon and is covered 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. I. 



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. 

Drrnarcation 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 Morris serra/a, Robinia pseudoacacia 

and Acacia III o lIis illl a 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 0.1 ha.In this grassland no exotic grass was 

introduced. 

ii) Pine based silvipastoral system 

The system represented typical Pillus wallichialla forest. The understorey 

vegetation in. such forests supports good forage for grazing of animals thus can be 

considcn.:d a natural pine based silvipastoral system. Though, the grnzi'ng was not 

allowed during the study period. The various silvological characters of trees in this site 

are given in Table I. 
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iii) Hortipastoral system 

Originally this site represented a natural temperate grassland and the improved 

grasses like Daclylis giomerala 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 

practic~s had been done to the soil and an improved grass Daclylis giomerala (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 Daclylis giomerata 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), II (pine based silvipastoral sustem), III (hortipastoral system), 
IV (improved grassland), V (fodder trees based silvipastoral system) 

, 
System Density L'free height [Crown height - Crovm diameter 

(number of (m) (m) (m) 
trees/ha) 

I - - - -

II 1600 39.2 8.4 10.6 

III 500 2.89 0.43 4.08 

IV - - - -

V 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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Obsen'ations 

The observations were recorded for tree components, herbage vegetation and 

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

i) Tree Components 

lIeight 

The height of trees in different silvipasloral systems (pine 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 tree 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. 

ii) Hcrbnceous Vegetation Analysis 

In each sample plot, herbaceous vegetation from five quadrates of sizc 50x50 el11 , 

was harvested at ground level at fortnightly interval following Milner and Hughes (1968), 

The sampling was done from July, 2000 to October, 2000 and the samples were utilized 

for herbage analysis. 

iii) Phytosociological Analysis of grasses 

Phytosociotogical attributes of grasses in five different systems were evaluated 

from harvested samples. The samples were collected from five quadrates in each system 
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at fortnight intcrval. Thc 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 

caIcu~ated following Phillip (1959). The Importance Value Index (lVI) for each site was 

worked out by following the formula given by Misra (1969). 

I V I = RF + R 0 + RD 

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 
R.B (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). 

\Vhere, 

H = Shannon index of general diversity 

nl = Importance value index of individual species 

N = Importance value index of all the species 
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Similarity index 

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

following fonnula given by Margalef (1968). 

where, 

2C 
S = 

A+8 

S = Similarity index 

A = Number of species in system I 

B = Number of species in system II 

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

i\') Biomass estimation of herbage 

The herbage samples brought to the laboratory for phytosociological study were 

sorted out species wise and stored in different paper bags; dried in oven to a constant 

weight at 800 e for 48 hours. After attaining a constant weight. each sample was weighed 

for biomass estimation on top pan balance. 

For estimation of belowground biomuss, the roots from ci.lch 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 diffcrent 

grasses were kept in separate paper bags and dried in oven till a constant weigh( is 

attained at 800 e 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 Olat 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):HCI04) mixture. In order to have a complete 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 detennined 

by atomic absorption spectrophotometer. For estimation of Nitrogen, 0.2 gram of plant 

sample was digested in concentrated H2S04 using standard digestion mixture 

K
l
SO.:CUS04 (3.S:0.4). After digestion, nitrogen was estimated in Kjeltcc Auto 1030 

Analyzer. 

vi) Chemical Analysis of Soil 

Collection of soil samples 

The composite samples of soil from aJI the five systems were made by collecting 

soil from top 25 cm depth duririg September. Approximately I kg of soil sample was 

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

passe~ through 2 mOl 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 detemline 

these parameters/nutrients are given in Table 2. 
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Table 2. l\lethod for· anaJ)'sis of different soil parameters 

Sr. No. Parameter 

I . Organic carbon (%) 

? Bulk density 

3. Available nitrogen (Kglha) 

4. Available phosphorus (Kglha) 

5. Available potassium (Kglha) 

22 

Method employed 

Walkley and Black method (1934) 

Chopra and Kanwar (1976) 

Alkaline potassium pemlanganate 
method (Subbiah and Asija, 1956) 

Olsen et a/. (1954) 

Merwin and Peech (1951) and 
extract determined on flame 
photometer 
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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 tree based 

pasture systems revealed that, in all, nine grasses viz., Heleropogoll cOIl/orlus, Thellleda 
t 

Iriandra, FeSluca rubra, Panicum maximum, Bromus incrmis Oplismellus composilus, 

Chrysopogon mon/anus, Hemarlhria protensa, Dactylis glomerata were recorded during 

the study period. One fern: Adian/um sp. and two non-legumes: Arlemisia ves/ita and 

Thaliclrum llelirOCarpum 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 glomera/a was 

recorded in system III, IV and V while 'miscellaneous species' were recorded mainly in 

system II.' Feslllca rubra and Chrysopogoll mon/allus 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. 



~.1.2 Phytosociology of herbage 

a) Densitv (tillers/ml) 

Population strength of different grass species in five di fferent 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/m2 in different sampling dates. The scrutiny of data depicted 

that total population strength decreased gradually from 1st fortnight of July to 2nd 

fortnight of October. Maximum population was recorded in 1 st fortnight of July. The 

contribution of Chrysopogoll mOlltallus, Festuca rubra anJ Pallicllm lIlaximulIl to the 

total density of vegetation was higher as compared to other species. In natural grassland 

FeSlUca rllbra exhibited highest density (500.0 tillers/m2) in I st fortnight of August while 

lowest density (28.0 tillers/m2) was recorded for He/eropogoll COil tor/us in 2nd fortnight 

of October. 

Pine based silvipastoral system 

The total density of various grass species 111 pine based silvipastoral system 

ranged from 505.2 to 732.8 tillers/m2 at different sampling times. A perusal of data 

depicted that total population strength decreased gradually from 1 st fortnight of July to 

2nd fortnight of October. Maximum population of vegetation was recorded in 1 st 

fortnight of July, similar to natural grassland. Festuca rubra, Chrysopogoll mOil/anus and 

'miscellaneous species' contributed maximum to the total density of vegetation. In this 

system FeslUca rubra exhibited highest density (374.0 tillers/m2) in 2nd fortnight of 

August while lowest density (40.0 tillers/m2) was recorded for Hemarthria pro/ensa in 

1st fortnight of July. In general, the density of vegetation in this system was lower as 

compared to other four systems. 
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"':1"'''' 3. 
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(improved gras,dand)., \' «(()(hh'r In.·es hast'd !liilvipasloral syslem) durinJ! lite ~Iud~' pl· ... iod al diffucllt samplinJ! inten-als 

Species 

Ilelrrol'ogon COn/OrlllS 

1hemeda trimrtlm 

Fesl/lca ntbm 

Panicum ma.timum 

Bromus inermis 

Oplismenlls compos it us 

Chr),sofXJgon mO'ltanlls 

Hemarlhria protensa 

Daclylis glomcro,a 

Adiantum sp, 

Artemisia ''eSlila 

Tlraliclrum neurocarpum 

Tota' 

Species 

Heteropogon cOn/ortus 

Themeda triandra 

Festuca rubm 

Panicum ",aximum 

Bromus inermis 

Oplismenus compositllS 

Ch,)'sopogon montanus 

Hcmarthria protensa 

Dacfylis glomerata 

Adian/um sp , 

Artemisia vcstita 

nla/ictrum ncurocarprUlr 

TOIaI 

~ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

+ 

+ 

+ 

.. 

4 

J I) I Y 
1st hlrtnight 

System 
II III IV V 

+ + + + + 

+ + + + + 

+ + + + 

+ + 

+ + + + + 

+ + + 

+ + + 
+ + 

.. + 

7 6 6 5 7 

SEPT-EMBER 
I st Fortnight 

System 
II III IV V 

+ 

+ + + 

+ -+ + + + .. .. + 

+ + 

-+ 

+ + + 
.. 
+ 

5 J 5 3 4 

2nd Fortnight 
System 

'II III IV 

+ + + 

+ + 

+ + 

+ + + 

+ + 

.. + 

4 6 4 

2nd Fortnight 
System 

\I III IV 

+ 

+ + + 

+ 

+ 

+ + 

+ 

+ .. 
+ 

4 4 4 

" lJ (j lJ S T 
1st hlltllighl 2nd Fortnight 

System System 
V II III IV V II III IV 

+ + + 

+ + + + t + + + + + 

+ + + + + + + t 

+ 

+ + + + + + + + + + 

+ .. + + + .. 
+ -+ + + + 

+ 
+ + 

4 4 5 4 5 4 4 5 5 6 

OCT 0 B E R 
1st Fortnight 2nd Fortnight 

System System 
V 1\ III IV V II 1\1 IV 

+ 

+ + 

+ + + + + + + + + + 

+ 

+ + 

+ + + + .. + 

+ 

+ + + + + + 

+ + 

+ 

+ + 

J 4 4 3 3 J 4 4 J J 

v 

.. 

.. 

+ 

+ 

4 

V 

+ 

+ 

+ 

+ 
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",:,,,,,, ~. f)('"sil~' of differ,..", gr~ss sp('(' i('s ill S~·sh.'lIJs I (fl3111rOlI g,. .. sshllld). II (pifle.' has('cI sih'ip3storal s~' Sll'Ill), III (hnrti-pastoral systcm), IV (impro\'c(l 

l:rassl:md), V (fudder trees b:,lSl'd silvipasloral system) during the study period ~t (Iifferent sampling intcrv",ls 

Species . 

II<,t('mf'cJgol/ c(lntol1us 

n'(,IIIC'dn Ir;andrn 

F C'slllca mbrn 

PaniClI1II mnxi",lIIn 

BrOlllllS ;"crmis 

Oplism('nus composilus 

CIJrysopogOll monta"us 

JlemarlIJria prolensa 

Dactylis glomerola 

M iscellaneou5 

Total 

Sp«ics 

Heleropogon COfllOriUS 

Themedn lrin"drn 

Fesluca rubr" 

Ponicum mmeimum 

Bromus inermis 

Oplismc"us composi/us 

Ch')'sopogon ftlonta"us 

Hemo","ria pro/enso 

Dacrylis glomerala 

Miscellaneous 

Total 

) U L Y 
lSI Fonnighl 

System 
II III IV V 

138.40 :WS .S 32 .0 27<) .20 2168 

214 .40 260.8 132 .8 182.0 100.0 

146.4 

64.00 

84 .00 

5U 45.6 107.6 

129.6 172.0 108.0 82.4 

98.4 40.0 123.2 44.8 

199.2 70.0 

19.2 

153 .6 

52 .0 

82.4 

875.2 752.0 640.8 796.0 604 .8 

2nd Fortnight 
System 

II III IV V 

140.2 

204 .6 238.6 229.6 359.2 nq6 

246.0 148.6 30.0 

131.2 188.8 

20.6 103.6 

170.4 183.6 120.0 111.2 260.8 

126.4 106.2 120.2 

13.6 19.6 13.6 

795.4 590.4 650.8 771.4 714.2 

5 E P-T t MI~ R 
151 Fortnight 2nd Fortnight 

System System 
II III IV v II III IV V 

108.8 88.0 

166.8 145.2 88.6 45.6 47.2 

215.6 2S} .6 263 .2 369.6 310.8 307.2 359.0 342 .8 496.8 297.6 

157.2 52 . ~ 36.8 312 .8 54.2 

32.0 

77.2 217 .6 49.6 49.6 156.8 

78.4 56.0 

268.0 164.8 212 . ~ 142.4 142.4 158.4 

~ 1.6 38.0 

708 .4 52: .8 568.0 788.2 7408 744 .0 507.2 5668 736.0 612 .. 8 

AUGUST 
1st Fonnight 

System 
II III IV V 

5\.2 

500.0 341.6 202.4 317 .b 2 \3 .8 

116.0 88.2 98.6 66.2 

166.2 249.4 128.4 148.4 225.6 

259.2 225.2 I 212.0 

14.6 17.6 5.60 

796.8 696.8 688.6 148.0 711.6 

2nd Fortnight 
System 

" III IV v 

68.0 30.4 

373 .2 )74 .0 290.6 355 .2 238.8 

73.6 97 .6 140.0 140.0 248.0 

274.8 201.2 178.2 193.6 190.6 

154.4 123.2 135.2 

14.4 19.2 36.8 

789.6 687.2 782.4 879.2 812.6 

OCT 0 B E R 
15t Fortnight 

System 
II IIf -IV v 

141 .6 

310.4 311.2 312 .8 336.8 97.6 

99.2 

100.0 

105 .0 122.4 

81.6 

117.6 243 .6 3-'0 .8 

44.8 

656.2 356.0 552.8 6620 538 .4 

28.0 

184.0 

2nd Fortnight 
System 

II IfI IV v 

224.8 240.0 100.8 148.8 160.0 

12-* .0 

200.0 24\.2 174.0 206.4 124.8 

256.0 300.4 105.6 

24.0 

636.8 505.2 530.8 655.6 514 .4 



I-Iortipastoral system 

During the study period, total density of different grass species in hortipastoral 

system ranged from 530.8 to 788.6 tillers/m2 on different sampling dates. It was clear 

from the data that total density of vegetation first increascd from 1 st fortnight of July to 

1 st fortnight of August unlike natural grassland and pine based silvipastoral systcm, 

thereafter, it decreased to lowest density in 2nd fortnight of October. Festuca rubra. 

Chrysopogoll monlallUS and Dactylis glomerata contributed maximum to the total density 

of vegetation. In hortipastoral system, Festuca rubra exhibited the highest density (342.8 

tillers/m2) in 2nd fortnight of September. While, lowest density (30.0 tillers/m2) was 

recorded for Pallicum 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 improved grassland ranged from 

655.6 to 879.2 tillers/m2 on different sampling dates. It was evident from the data that 

total density of community vegetation increased gradually from 1st 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 Fes/Uca rllbra. Chrysopogoll montallus and Dactylis glolllerata contributed 

maximum to the total density. Festuca rubra exhibited highest density (496.8 tilcrs/m l ) in 

2nd fortnight of September while the lowest density (44.8 tillcrs/m2) was recorded for 

Hemarthria protellsa in 1 st 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 systcm 

ranged from 514.4 to 812.0 tillers/m2
• It was recorded that total density increased 
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gradually from 1st 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, Oplismellus 

composilU.s and Dactylis glomerata contributed maximum to the total densilY of 

vegetarion. Fes/Uca rubra exhibited the highest density as 310.8 tillers/m2 in I st fortnight 

of September. Lowest density (52.0 tillers/m2) of individual grass was exhibited by 

Chrysopogoll mOil/anus in 1 st fortnight of July. In general, popUlation strength of 

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

IV. 

b) Basal area (cml/ml) 

The variation in basal area of different grass specIes In different systems IS 

presemed in Table 5. 

Natural grassland 

The total area of different grass species in natural grassland ranged from 82.72 to 

111.96 cmPlm1 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 gradualJy. Three species viz. Festuca rubra. Panicul1l 

maximum and Chrysopogon montanus were major contributors to the total basal area of 

vegetation. Among the individual grass species, Fes'uca rubra exhibited highest basal 

area (50.43 cmllm2) in 1st fortnight of August while lowest (14.33 cm2/m2) basal area was 

recorded for Oplismelllls composiluS in 2nd fortnight of July. In genera) the total basal 

area of the vegetation in this system was higher than systems II and III, but lower than IV 

and V. 

Pine based sHvipastoral system 

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

104.14 cm2/m! on different sampling dates. It was recorded that the total basal area of 
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Tahk~. Basa' Clrea of dillacn. grass SIH.'dt·s ill systems I (natural grassla"d), II (pine hasl'" sil\,ipastura' !i~·stc"'). HI (horli-l)as")r~1 S~·stclll). IV (im\H"(),,~d 

grassrancf,~ " (fudder trees h~sl'd s\l\'ipastoral system) dllrin~ the stud)' period at diHl'H'1I1 sampJinl! intcnals 

SpC:CIC!S 

lIeleropogon ron/onus 

711f?nIc.'da Iriondrn 

FelSllIC'n rulJffl 

P em i ru fI1 maxim"," 

Bromus jnp.rm;s 

OpiismenUl compo~i/lu 

CII,}'sofJQgo" mo"tnnllS 

lIemonhria prolenrn 

Dactylis g/omernfo 

Miscellaneous 

Total 

Spccie$ 

Heleropogoll conrortlH 

The",edl1 lrinndra 

FeSlucCl rubra 

Po"iCtmf nlfui",/./m 

Bromus in(!rmis 

Oplismenus composillls 

Chrysopogoll montnnus 

HemlJrlhria prolf'lIsn 

Doc.y/is giomereJIfl 

Miscellaneous 

Total 

17.84 

23.71 

'C) .19 

12 .\7 

10.93 

) U L Y 
1st Fortnight 

System 
II ll\ IV v 

25.80 7.37 29.89 98.92 

29.43 17.87 20.89 /5 . 14 

\7.43 8.8b 15.02 

19.78 

16.85 21 .69 l4 .29 lO.M 17.39 

11 .27 8.39 16.18 8 .98 

23.13 12.94 \5 .24 

1.40 

111.% 1{)4.14 87.7 98.36 89.47 

2nd FOttl1i~ht 
System 

II III IV v 
18.()(. 

23.07 26.48 25 .78 J29S 25.33 

25.14 21.34 865 

18.88 2\.36 

3.84 14.J3 

25.62 \8.98 15.24 14.86 26.38 

17 .43 14.38 16.93 

1.28 U8 1.23 

97.01 68.18 87.21 83 .55 82.97 

S f:-P- t E M B E R 

l5.&7 

19.95 

\ st FOrtnight 
System 

11 - ~JlI - - IV 

\2. \3 

17.53 12.48 

v 

34.52 36.67 35.\8 479) 39.16 

24. \ 7 15 .13 8.95 

10.97 22 .95 

28.83 24. \7 22.62 

9.18 

9-1 .51 7~.51 72 .96 l07(J8 84.73 

2nd fonnigh\ 
Sys\cm 

II 11I IV v 

16.18 16.97 

)9.32 45.64 42.13 48.87 36.84 

34.16 15.83 

9.98 7.14 

6.97 

8.09 

8.\1 8 .17 \8 .14 

19.94 20.15 :22.15 

99.64 75 .58 78.27 9~ 16 77.13 

AUGUST 
lSI FOT1night . 

System 
II 

"' IV 
v 

203~ 

SU.43 3U) 28.19 34.99 29.78 

\5.29 13. \8 \9.12 14.47 

23.87 24.23 18.8) 21 .48 23.45 

\,49 2.1<l 

27.33 24.1~ 22.18 

US 

89.59 76.24 93 .47 102 .09 89.88 

2nd fortmght 
. SY$\Cm 

n III IV " 
21.17 12.47 

39.83 41.07 31.08 37.84 30.38 

l6 .87 19 .63 20 .~ 21.\5 ~3 .()7 

29.15 20.73 26.33 29.68 28.87 

20.19 17.48 19.65 

\ .45 2.lS 3.24 

108.02 82.88 100.69 12\.86 112.51 

OCT 0 a E R 
151 Fortnight 

System 
11 III IV v 

16.15 

39.62 41 .15 42.65 44.15 15.32 

18.)5 

l4 .IS 

14.29 16.87 

13 .95 

16.67 28.54 42.27 

1\.\8 

88.81 52 .33 76.19 86.6-l 71.77 

9.15 

19.81 

2-nd Fortnight 
S)'su:m 

Il 111 W v 

25.75 27.67 15.]5 /9.47 21.65 

n .IS 

27.95 25.89 25.78 29.25 16.95 

27 .95 3185 14.95 

7.93 

82.72 60.95 6898 80.57 70.73 



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. Fes/llca rllhra 

exhibited the highest basal area (45.64 cm2/m2) in 2nd fortnight of September, while 

lowest (7.14 cm2lm2) was recorded_for Chrysopogoll mOIl/allus in 2nd fortnight or 

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 cm2/m 2 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, 

thereafter, 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. Chrysopogoll mOlltanLiS and 

Dacrylis glomerata to the total basal area of vegetation was higher as compared to other 

species. In this system Fes/uca rubra exhibited the highest basal area 42.65 cm2/m2) in 

1 st fortnight of October while Heteropogoll cOil/roWs attained the lowest (7.37 cm2/m2) 

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 II. 

Improved grassland 

The total basal area of different species in this system fluctuated between 80.57 to 

121.86 cm2/m2 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. Fes/llca rubra. Chrysopogoll mOIl/aIlIlS and Dacrylis 

glomerara were major contributor to the total basal area of vegetation. Among individual 
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. . . h' h t b al area (48 87 cm2/m2) in 2nd grass species, FeSluca rubra exhibited the Ig es as . 
. . I (8 17 cm2/m2) was recorded for fortnight of September while lowest basa area . 

Oplismelllls 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 cm 2/m2 on different sampling dates. It 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. Fesluca rubra, OplismeJllls 

composilliS and Dactylis glomerata were the major contributors to the total basal area of 

vegetation. Among individual grass species, DactyUs glomeratu attained the highest 

basal area (42.27 cm2/m2) in 1 st fortnight of October while the lowest basal area (14.18 

cm2/m2) was recorded for Oplismellus compositus in 1 st 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. 

~atural 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 th t . 
a maXImum total 

frequency was recorded in 1 st fortnight of September Irregul . . 
. . ar mcrease and decrease 111 

total frequency of vegetation in subsequent sampling intervals b . 
. was 0 served dUring the 

study period. Festuca rubra was universally present on h . 
. eae samplmg date while 

'miscellaneous species' were rarely present. In general sy t I h . 
, s em s owed the higher total 

frequency of vegetation than system II III and IV but low th 
' , er an system V. 
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rllhlc 6. " -rccl"cnC'y of different J:rass sJlecic.'s in !'i)'stell's I (",,'ural ~rassh"l<I), II (pillc hused sih' ipustorlll s),ste,n), III (horti-pas""' ''' sYS\Cnl), \V (""{>t' .. ,"",d 

gnls~land), \' (fodder Crees based sil\'ipasloral system) during the study period ;It different sampling ,nlcrva\s 

Spccu:s 

IIclcropogo" con/or/us 

1711>medn Irinndra 

Fcs/ucn rubrn 

Pnnicum mnximum 

Bromus inermis 

Oplismenus composilus 

Chrysopogon mon/anus 

lIemnrthrin pro(("rn 

Doctylis glomera/a 

Adianthus sp. 

~misio ves/~ 

Thalictrum 
neurocarpum 

Total 

Species 

Heteropogon co,,'ortus 

17Iemedn trinndro 

FesluCQ rubro 

Pn"icum maximum 

Bromus i"ermis 

Oplisme"us composiluj 

Chr)'Sopogon mOManus 

Hemnrthrin pro/ellln 

Dac/ylis glomeroln 

AdinMltus sp. 

Artcmisin "csliln 

17IflIiClrum 
neurocnrpum 

Total 

0.6 

0.8 

0.4 

0.2 

0 .4 

0.2 

0 .2 

2.80 

0.6 

0.8 

0.6 

10 

3.00 

I ~t Fortlllght 
System 

II III IV 

0.8 0.4 0 .8 

O.b 

0.6 

0.4 

0 .4 

0.2 

0.4 

3.40 

0.6 

0.2 

0.4 

0.6 

0.6 

2.80 

0.6 

0.6 

0.2 

0 .4 

0.2 

2.80 

J U L Y 

V 

O.b 

0.4 

0.6 

0.6 

0 .6 

2.80 

0 .4 

0.8 

0.6 

0.2 

0.4 

0.2 

0.2 

2.80 

SE.PTEMBER 
151 Fortnighl 

System 
11 III IV 

0.6 

0 .8 

0.2 

0.4 

0.4 

2.40 

1.0 

0.4 

1.0 

2.40 

0.2 

0.4 

0.8 

0 .4 

0.8 

260 

V 

1.0 

08 

1.0 

2.80 

0 .4 

1.0 

1.0 

0 .4 

2.80 

2nd Fortnight 
Syslcm 

II III IV 

0.8 

0.6 

0.6 

0.6 

0 .4 

0.4 

0.4 

0.6 

0.6 

0.2 

0.8 

0.6 

0.8 

0.6 

2.40 2.60 2.80 

2nd Fortnight 
System 

II III IV 

1.0 

0.4 

0.4 

0.2 

2.00 

1.0 

0.4 

0.2 

1.0 

0.4 

1.0 

0.2 

0.8 

2.60 2.40 

V 

1.0 

0.6 

1.0 

0.8 

3.40 

v 

1.0 

1.0 

1.0 

3.00 

1.0 

0.4 

0.6 

0 .4 

2.40 

0.8 

0.8 

0.4 

0.4 

" U ('j I) S T 
151 Fm1nl[thl 

Syslem 

" III IV V 

0.8 

0.4 

0.2 

0 .2 

0.2 

0.6 

0.2 

0.4 

0.6 

0 .4 

1.0 

0.4 

0.8 

0 .2 

- I 

1.0 

0.4 

0.8 

0.6 

0.4 

0.8 

0.4 

0.6 

2nd FOrl",~hl 
System 

II III IV 

0.6 

0.8 

0.4 

0.2 

0.2 

0.6 

0 .2 

0.4 

0.8 

0.2 

0.4 

1.0 

0.6 

0.4 

0.4 

0 .4 

V 

1.0 

0.6 

0.6 

0.6 

1.80 . 1.80 2.80 2.80 2.20 2.20 2.20 ).20 2.80 

15t Fortnight 
System 

" 111 IV 

1.0 

0.2 

0.4 

0.4 

1.0 

0.2 

1.0 

0 .2 

0.4 

\.0 

OCT 0 B E R 

v 

0.2 

0.8 

1.0 

0.2 

0.8 

0.8 

0.6 

2nd Fortnight 
Syslem 

II 111 IV 

0.4 1.0 0 .4 

0.8 0.2 0 .6 

\.0 1.0 

0.2 

0.2 

V 

0.6 

0.8 

0.8 

0.8 

2.40 2.00 2.20 1.60 2.00 2.40 \.60 2.20 2.00 3.00 



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 1st fortnight of July similar to the case of 

natural grassland. Fesluca rubra and 'mIscellaneous species' were universally present in 

the system, while Heleropogon conlortus 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, Fesluca rubra and Dactylis glomerala were recorded 

consistentlYt In general, the frequency of vegetation In this system was lower than 

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

Hortipastoral system 

The total frequency of different species In hortipastoral system on different 

sampling dates ranged from 1.80 to 2.80. A scrutiny of data given in Table 6 revealed 

that total frequency was maximum in 1 st fortnight of July similar to natural grassland and 

pine based silvipastoral system. Among individual grasses, Dactylis glomerala was 

universally present in all sampling dates while Oplismellslls composilliS W'IS rarely 

present. In general, the total frequency of vegetation was lower than systems I, IV 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 total frc4uency was 

recorded in 2nd fortnight of July~ while in natural grassland, pine based silvipastoral 
'. 
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' . . 1 st fortnight of July. In improved 
system and horticultural system. It was recorded In . 

. . . Irre ular increase and decrease In 
grassland It was recorded In 2nd fortnIght of August. g . .. 

total frequency was noticed in this system 
during the study period. Among mdlvldual 

. d D /' I merata were uni versally present. grass species. OplismellLls composlluS an acty IS g 0 

f t t· n in this system was highest than all other In general. the total frequency 0 vege a 10 

systems. 

d) Importance value index 

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

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

~atural grassland 

The fortnightly variations in IVI values of different species in natural grassland 
, 

did not show particular trend. A scrutiny of data given in Table 7 revealed that Festuca 

rubra attained highest IVI as 157.79 in 1 st fortnight of August. Among the grasses, 

F esl/tca rllbra, Pallicum maximum and Chrysopogon mOlltanus registered higher I V I 

values than other species showing their dominance over other species. 

Pine based silvipastoral system 

The perusal of data on IVI values of different species revealed that ill pille hased 

silvipastoral system Festllca rubra, Chrysopogoll IIIOIl/aIlUS and miscellaneous species 

registered higher IVI values than other species showing their dominance in the system. 

Hortipastoral system 

The fortnightly variations in IVI values of different species in this system given in 

Table 7 revealed that highest IVI values was attained by Festuca rubra (158.01) in 2nd 

fortnight of October. Feslllcll rubra and Dactylis ,,10111 er" I" we I ' d 
b re (Olllillant an 
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Table 7. IVI of dilTl'renl gnlss species in s),slems I (natural J:rassbtlld), II (pint' hast'd sih'ipastor~ll system). III (hurt i-pastoral system), IV (imprund grass\and), 
V (fodder trees hased silvipastoral system) during the stud)' period at different sampling intervals 

- ~ - ~-~ 

JUt. Y AUGUST 

Species 
I st Fonni~ht 2nd fonnip.ht I st Fortnight 2ntl Fortnight 

System System System System 
I II III IV V II 111 IV V II 111 IV V II III IV V 

Jieleropogoll CO/llurlllS 53.17 76.79 27 .68 94 .03 81.78 50.54 

nlcllledn Irinlldrn 41 .05 47.31 26.19 

Fesfucn rubrn 74.25 81 .50 48.24 69.27 47 .73 78.08 112 .55 85.92 117.22 92.09 157.79 143.02 89.15 112.44 98.63 120.80 131.21 113.46 102.70 92 .11 

Panicllm mnximll'" 48 .46 41 .38 24.36 50.22 92.55 80.47 22 .23 48.02 51 .68 34.0() 39.61 43 .12 74.24 47.77 52 .02 81 .90 

Bronws ;nenn;s 25 .14 50.50 70.36 

Opiismenus compositlls 33 .64 67.08 13.68 49.35 

Chr)'sopogon mO/llOllllS 36.99 56.06 40.28 28.32 49.46 62.12 83.% 56.98 54.99 97.72 80.07 77.83 58.65 55. 17 86.12 89.07 72.39 67. \0 58.87 70.54 

Hemorthr;a profellsa 28.47 25.28 59.10 29.05 

Dactylis glomerara 78.91 29.08 52 .09 60.48 51 .43 60.74 95.44 82.32 84.57 76.15 66.86 55.55 

Miscellaneous 21.59 17.33 22.02 11.21 20.12 27.44 9.02 1 21.96 \3 .70 19.36 

S E P T E-M- B E R OCT 0 B E R 

Species 1 st Formight 2nd Formighl 1 sl Formight 2nd Fortnight 
System System System System 

II III IV V II 111 IV V II 
-

III IV V II III IV V 

Heleropogoll ('On/ortus 52.15 30.11 23.78 

71Jemeda frialldra 71 .33 75.10 38.21 36.66 41.10 73.09 86.24 

Ft's/Uca ""bra 74.25 134.28 112 .04 122.17 123.88 124.40 181.30 152.77 166.36 129.65 125.24 216.05 158.Ql 112.13 49.47 99.77 117.90 86.55 66.85 8\.71 

Pan;clIm maximum 113.16 31 .59 29.30 112.03 51 .65 52.90 

Bromus illermis 31 .36 

Oplismellus compOS;fllS 35.35 85 .03 26.80 23 .74 82.44 78.33 75 .06 

Chr),sopogon man/an liS 34 .80 40.51 48.77 53 .38 90.21 140.22 79.25 97.78 74.88 

Hemar,ilrin prOlensa 52.89 

DnCfylis giomerntn 134.36 74.16 91 .09 88.07 74.09 87.91 88.61 134.98 172.20 134.20 135.37 68 .35 

Miscellaneous 52 .99 26.74 83.95 42.88 



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 Fesluca 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 giomerala in 1 st 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 ShaMon'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 species diversity ill all the 

systems was recorded in 1 st fortnight of July, thereafter, it decreased tilJ 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, 

honipastoral system, improved grassland and fodder trees based silvipastoral system, 

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

for pine based silvipastoral system. 

f) Similarity index of different species 

. ... . .\ 'ty index of species in different systems is 
The fortmghtly variatIons 10 SII111 an 

r "I 't 'ndex for different combinations at different shown in Table 9a. The values lor SImi an y 1 

. . ' t d up to 2nd fortnight of August, thereafter, it 
fortnights has shown an mcreasmg ren 

. I' d t S,'milarity index among different systems during decreased 10 subsequent samp 109 a es. 

d . d ' h ' Table 9b and highest value 0.93 was recorded for improved stu y peno IS sown 10 

grassland and hortipastoral system . 

. t2 BIOMASS PRODUCTION OF DIFFERENT SYSTEMS 

4.2.1 Aboveground bfomass 

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

presented in Table 10. 

Natural grassland 

The total aboveground biomass of different species 10 natural grassland on 

different sampling dates varied from 20.07 to 32.23 q/ha. It was recorded that total 

aboveground biomass during the study period increased gradually from 1 st fortnight of 

July to 151 fortnight of September, thereafter, it decreased. The highest total aboveground 

biomass (32 .23 q/ha) was recorded for I st fortnight of September, while the lowest total 

aboveground ,biomass (20.07 q/ha) of community was recorded for 2nd fortnight of July. 

FesllIca rubra. Pallicum maximum and Chrysopogon montanus were the major 

contributors to the total aboveground biomass of community. Performances of individual 

species revealed that Feslllca rubra attained the highest (13.83 q/ha) aboveground 

biomass in I st fortnight of September while Heteropogoll cOlltortus exhibited minimum 

(0,66 q/ha) above ground biomass in 2nd fortnight of October. In gencful, the tolal 

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), II (pine based silvipastoral system), III (horti-pastoral system), IV 
(;mpro\'ed grassland), \' (fodder trees based sifvipas(oral system) during the study period at different sampling intervals 

System JULY AUGUST SEPTEMBER OCTOBER 

151 fortnight 2nd fortnight 1 s1 fortnight 2nd fortnight I s1 fortnight 2nd fortnight 151 fortnight 2nd fortnight Mean 

0.8163 0.7141 0.5058 0.5630 0.5896 0.5382 0.5687 0.5587 0.6068 

II 0.6771 0.5508 0.5318 0.5390 0.5526 0.4745 0.2573 0.4344 0.5022 

III 0 .7199 0.6466 0.5605 0.4990 0.4254 0.5016 0.4364 0.4646 0.5314 

IV 0.7277 0.5734 0.6128 0.7443 0.6223 0.4972 0.4485 0.4597 0.5870 

V 0.6872 0.5853 0.5853 0.5947 0.4708 0.4677 0.4195 0.6010 0.5514 



Table 9:1. Similarily index hl'hvecll S~' S'l'lII I (natural grassl:.md). II (pinl' h .. ~{'d sih·il);ls.oral sysh'm). III (lwr,j-pastClrlll S~· slclll). IV (imllrO\'cd ~rasshllHl). V 
(fodder Irees bascd sih'ipas'or:11 system) during Ihl' study Jll'riod al c1iffcrl'nl sampling inten'ods 

J U L Y A lJ (i lJ . S T 
I st fortnight 2nd fortnJl!ht I st Fortnight 2nd I'urtnil!ht 

System 
System 

" I II III IV V " III IV V " III IV V II III IV V 

0.71 0 .77 0.77 0.50 0.73 0 .6\ 0.3<> 0.55 0.67 0.75 0.44 0.75 0.67 0.67 0.80 O . 7~ 

II 0 .77 0 .77 0.50 0 .80 0.50 0.50 0.67 0.60 0 .67 0.80 0.73 0.67 

'" 1.00 0.70 0.80 0.60 0.67 1.00 0.9\ 0 .88 

IV 0.55 0.75 0.67 0 .80 

V 

S E PTE M B E--R-- OCT 0 B E R 

System I st Fortnight 2nd Fortnight I st Fortnight 2nd Fortnight 
System 

" III IV V " 11\ IV V 11 11\ IV V " 11\ IV V 

0.67 0.57 0.67 0.29 0.75 0.25 0.50 0.29 0.25 0.57 0.29 0 .29 0.50 0.29 0.29 0 .50 

" 0.50 0 .40 0.25 0.25 0.25 0.29 0.29 0.29 0.29 0.57 0.57 0.50 

III 0.50 0.67 0.75 086 0.33 0.33 1.00 0.85 

IV 0.75 0.86 0.33 O.8:S 

V 

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

System II III IV v 

0.74 0.7\ 0.78 0.63 

1\ 0.75 0.7\ 0.53 

III 0.93 0.77 

IV 0.71 

V 



TallIe 10. The \'ariation in aho\'l' grollnd hiolllas~ (q/ha) of diffcrl'lIt grass sllecies iN systems I (U:ltural grassland), II (pine hased sih'ipastonl system), H\ 
(horti-pastoral system). IV (illlpron-d grClssland), V (fodder tn'cs based sih'ipastoral system) during the study I)eriod OIt different sampling inlen'als 

Species 

IlcrcrOl'ogon conlon,l.( 

71rcnredtl /rinndrn 

FCSfllCfl I1lbrn 

Paniotn' nuuinrum 

Bromils inem,is 

Oplismenus cvmposi/us 

Ch,)'sopogon mon/onus 

lIemnnhrio pro/ensa 

Dactylis glomera/a 

M isccllaneous 

TOIaI 

Specics 

lIeleropogon con/onus 

17remetfn Irinndrn 

Fesluca I1lbrn 

Panicum m(l.finrum 

Bronrus inermis 

Oplismenus composi/us 

Chrysopogon mOfllnnllS 

/lemar/hria prolensa 

Dactylis glomerora 

Miscellaneous 

Total 

3.77 

4 .08 

2.18 

\.59 

2.28 

4.90 

1.65 

20.45 

J lJ L Y 
1st Fonnight 

System 
II III IV V 

6.28 2.30 10.4{> 8.93 

4.91 

1.30 

4.48 

\.15 

0 . .53 

3.38 6.37 

1.43 

4.01 

5.63 

5.34 

2.08 

\.96 

2.68 

2.02 

5.63 

5.16 

1.36 

3.73 

18.65 22 .09 25 .57 24 .81 

456 

6.19 

4.12 

1.73 

3.15 

0.32 

2nd Fortnight 
System 

1\ 1\1 IV 

7.54 7.51 10.71 

2.68 1.37 

4 .40 7.50 

3.86 2.81 4.30 

6.57 4.57 

0 .34 0 .37 

V 

7.91 

6.18 

7.89 

6.62 

20.07 14.42 23.03 27.08 28 .60 

S E PTE M B E R 

2.70 

4.92 

13 .83 

10.78 

1st Fortrlight 
System 

II . III IV V 

3.84 

3.69 2.09 

1\.13 12.20 \4 .56 14.36 

7.68 2.04 

3.44 7.39 

23 .07 17.06 16.43 

2.23 

32 .23 2473 37 .31 40.49 38.18 

2nd Fortrlight 
System 

II 1\1 IV V 

1.38 \.75 

14.86 14.93 2\.42 19.49 12.98 

14.71 4.15 

3.05 

4.95 2.15 8.76 

395 2.60 

\086 1869 13 .84 

\.76 

34 .90 23 .~ 40.28 4208 35.58 

AUGUST 
1st Fortrlig,ht 

System 
II III IV V 

\.46 

8.92 6.46 5.39 8.77 8.91 

7.52 4 .12 5.38 7.06 

4.63 6.01 

3.68 1.95 

3.63 4.57 7.18 

12.67 10.29 10.78 

1.93 

24 .75 18.54 27.07 27 .02 33.93 

2nd Fonnlght 
System 

\I III IV V 

3.50 2.711 

10.OK 11.22 13.84 13.H4 13.98 

7.52 5.59 .5.93 6.77 8.98 

9.13 6.34 6.58 6.43 5.54 

8.27 7.19 8.37 

2.09 \.49 \.78' 

30.23 25.24 36.11 38.79 36.87 

OCT 0 B E R 
1st Fortrlight 

System 
II III IV V 

8.97 

\4.28 16.85 17.57 13 .28 4.58 

2.54 

4.49 

2.53 3.79 

9.73 

9.12 14 .53 20.48 

3.67 

28.30 19.52 30.48 37 .~ 29.55 

0.66 

4.53 

2nd Fortrlight 
System 

II III IV v 

11.01 8.54 7.3\ 6.54 6.16 

6.18 

8.66 8.55 6.46 6.93 3.83 

1274 14.81 819 

1.61 

24.86 18.70 26.51 28 .28 24.36 



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 q/ha. A scrutiny of 

data given in Table 10 revealed that the total aboveground biomass increased upto 2nd 

fonnight of August, thereafter, it decreased gradually similar to natural grassland. The 

maximum total aboveground biomass (25.24 q/ha) was recorded in 2nd fortnight of 

August. Festllca rubra, Chrysopogon montanus and 'miscellaneous species' contributed 

maximum to the total aboveground biomass of community. Among grasses, Festuca 

rllbra exhibited the maximum aboveground biomass (14.93 q/ha) in 2nd fortnight of 

September whi Ie, the lowest (1.15 q/ha) aboveground biomass was recorded for 

Hemarthria protensa in 1st 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 10 this system fluctuated 

between 27.02 to 42.08 q/ha on different sampling dates. It was evident from the data 

that total aboveground biomass increased from 1 st fortnight of July to 2nd fortnight of 

September, thereafter, it decreased, similar to natural grassland, pine based silvipastoral 

and hortipastoral systems. Festuca rubra, Ch,ysopogon mOIl/aIlUS and Dactylis 

glomerata were the major contributors to the total aboveground biomass on different 

sampling dates. Among grasses, Fes/uca rubra attained highest aboveground biomass 

(19.49 q/ha) in 2nd fortnight of September, while Thumeda trialldra attained lowest (l.46 

q/ha) aboveground biomass in 1 st 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 to 36.87 q/ha . It was clear from the Tabk 10 that the 
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· fi 1 t fortnight of July to 2nd fortnight 
total aboveground biomass increased gradually rom s 

of August, thereafter, it decreased 
similar to all other systems. The highest total 

d d 'n 2nd fortnight of August. Festllca 
aboveground biomass (36.87 q/ha) was recor e I 

ClllysonogOIl mOlltallllS and DlIctylis glolllera/a wcre 
rllbra. Oplismemlls composi/Lls. r 

db' Among grasses, Daclylis 
the major contributors to the total abovegroun IOmass. 

b d biomass in 1 st fortnight 
g/omera/a attained the highest (20.48 q/ha) a ovegroun 

October, while, lowest (1.25 q/ha) aboveground biomass was recorded for Clrrysopogoll 

mOl/WI/us in 1 st 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 1 st fortnight 

of July to 2nd fortnight of August, thereafter, it decreased. Festuca rubra. Pallicum 

11/(L'(imul1l and Chrysopogol/ mOIl/allllS were the major contributors to the total 

belowground biomass. Among grasses, Feslllca rubra attained the highest (4.68 q/ha) 

belowground biomass in 1 st fortnight of September, while lowest (0.21 q/ha) 

belowground biomass was recorded for Hemarlhria protensa in 1 st fortnight of July. In 

general, the total belowground biomass in this system was lower than systems Ill, 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 to 11.55 q/ha on different sampling dates. It was imperative from the data that the 

total below ground biomass increased from 2nd fortnight of July to 2nd fortnight of 
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Tabll' I J. Thl' \'ari:tlioll ill helow ground hiomass «l/ha) of dilh'renl gnss spcci('s in syslems I (nalural grassland). II (pine hase,1 sil\'ipastoral system). HI 
(llOrli-Jl:lstoral system). IV (impro\'l'd grassland), V (fodder trees hased silvipastoral system) during the study period at different sampling inten'als 

Species 

IIcleropogon rontonliS 

n,emeda Iriandrn 

Fesluca ",bra 

P(lnicum mtuimum 

Bromus i"ermis 

Oplismefllls compoJilUS 

Cllrysopogon monlnnus 

Hemanllria prolensa 

Dactylis glomunln 

Miscellaneous 

Total 

Species 

Heleropogon conlonus 

Themerfa Iriandra 

Fesluca rubra 

Pnnicum mlUimum 

Bromus ;nermis 

Oplismellus compoS;lus 

Clrrysopogon mOll/nllus 

Hemnrtllria prOlensn 

Daclylis glomeraln 

Miscdlaneous 

To L:I I 

0 .90 

2.40 

0.63 

0.57 

0.70 

\.98 

0.21 

7.39 

0.69 

2.49 

4.68 

4.29 

12 .15 

I st Fortnight 
System 

II III IV 

.1.94 0.59 3.56 

2.34 

0.59 

1.67 2.83 

0.66 0.60 

J U L Y 

V 

2.84 

2.23 

1.39 

3.24 

1.22 

2nd Fonnight 

System 
II 11\ IV 

3.12 3.03 3.79 

0.97 0.65 

1.74 2.94 

V 

2.92 

2.m 2 .~ 

1.69 

0.43 

0.06 

7.05 

1.42 0.72 

2.67 0.84 

1.85 0.74 

8.86 9.29 

0.57 

1.27 

9.11 

0.98 1.29 0.97 2.03 4.29 

2.07 2.42 2.13 

0.05 0.09 

6.83 5.43 8.55 1018 11.84 

SEPTEMBER 
1- Fortnight 

Syst.em 
\I III IV 

1.81 

3.14 

2.26 

0.51 

1.19 

0.56 

3.89 4.22 

0.93 

1.41 

7.36 5.38 

V 

4.36 

2.26 

4.87 

7.72 12 .18 12 .76 11.49 

0.61 

4.52 

4.31 

1.72 

2nd Fortn ight 
System 

\I III IV 

4.65 

1.84 

1.12 

0.70 

5.63 

1.21 

1.66 

3.81 

0.92 

5.34 

1.47 

5.41 

V 

4.06 

2.81 

4.57 

11.16 8.31 12 .31 13 .14 11.44 

AUG II S T 
I st fortnight . 

Sysll:m 
\I III IV V 

0.46 

3.96 3.62 2.54 3.35 3.49 

3.48 1.38 2.12 3.32 

1.80 3.59 \.36 4.48 3.02 

1.27 0.65 

4.43 4.73 2.52 

0.61 

10.51 9.24 10.45 13.63 12.35 

2nd Fortnight 
System 

\I III IV V 

1.28 \,12 

4.09 4.87 4.99 4.91 4.97 

3.32 2.04 2.29 2.85 3.13 

4.56 3.83 2.12 2.08 1.93 

3.30 3.16 3.36 

0.81 0.71 0.59 

13.25 1\.55 12.91 14.68 13.39 

OCT 0 B E R 
1 st Fortnight 

System 
II III IV V 

4.26 

3.94 4.35 6.24 3.90 2.19 

1.53 

2.11 

1.11 1.77 

3.95 

3.30 4.51 639 

1.41 

10.84 5.76 11.31 12.36 10.69 

0.26 

1.32 

2nd Fortnight 
System 

II rn IV V 

4.23 3.32 2.96 3.78 2.48 

0.96 

3.95 3.31 2.87 3.16 1.89 

4.23 5.06 2.84 

0.47 

9.76 7.10 10.06 12.00 8.17 



August. thereafter, it decreased similar to natural grassland. Fes/uca rubra, Panicul1l 

maximum and 'miscellaneous species' were major contributors to the total bclowgroulld 

biomass of community. Among grasses, FesJuea rubra exhibited the highest (4.87 q/ha) 

belowground biomass in 2nd fortnight of August while lowest (0.43 q/ha) belowground 

biomass was recorded for Hemarthria protensa in 1 st fortnight of September. In general, 

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

Hortipastorai system 

The total belowground biomass of different species in hortipastoral system on 

different sampling dates varied from 8.55 to 12.91 q/ha. It was recorded that there was a 

gradual increase in belowground biomass from 1 nd fortnight of July to 2nd fortnight of 

August, thereafter,it decreased similar to natural grassland and pine based silvipastoral 

system. Feslllea rubra, Chrysopogoll moutanus and DaetyUs glomera/a contributed 

maximum to the total belowground biomass of community. Among grasses, Fesluea 

rllbra .exhibited the highest (6.24 q/ha) belowground biomass in 1 st fortnight of October 

while lowest (0.59 q/ha) beJowground biomass was recorded for Heteropogoll eOlltor/Us 

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 grnssland 

The total belowground biomass of different species in improved grassland ranged 

from 9.29 to 14.68 q/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 1 st fortnight of July to 2nd fortnight 

of August similar to natural grassland, pine based silvipastoral and hortipastoral systems. 

Among grasses, Feslllca rubra, CIlIySOpOgoll mOlltallus and Daclylis glomeratll 

contributed maximum to the total belowground biomass of community. The highest 

belowground biomass among individual grasses was recordcd as 5.41 q/ha for Dactylis 

g/omerata in 2nd fortnight of September, while lowest (0.46 q/ha) bclowgroulld biomass 
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was recorded for Theme({a triandra in 1 st 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 q/ha. The total belowground biomass increased 

gradually from 1 st fortnight of July to 2nd fortnight of August, thereafter, it decreased as 

in ocher systems. Fesluca rubra. Oplismenus composi/us, Chrysopogoll mOIl/aIlUS and 

Daclylis glomerala contributed maximum to the total belowground biomass of 

communi.ty. Among grasses Dac/ylis glomerata attained the highest belowground 

biomass (6.39 q/ha) in 1 st fortnight of October while, lowest (0.57 q/ha) belowground 

biomass was recorded for Chrysopogon mOIl/aIlUS in 1 st fortnight of jUly. In general, ~he 

total bclowground biomass in this system was higher than systems I, II and Ill, but lower 

than system IV. 

4.3 NUTRIENT CONTENT OF HERBAGE 

~.3.1 Nitrogen content of herbage 

Nitrogen content of above ground and below ground bio!nass of herbage 10 

di ffercnt 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 0.74 to 0.97 per cent. Maximum average nitrogen content of 

aboveground biomass of grasses was recorded (0 97%) in 1 st ~ort . ht f S ' b 
• 11 mg 0 eptem er, 

thereafter it decreased gradually. Among the individual species l:' / b P . 
, , l' es uea ru ra, amcum 

l1Iaximlllll showed gradual increase in nitrogen (~) till I t ~ rt . 1 
OSlO Illg 1t of September, 

thereafter nitrogen (%) decreased. Other species attained . k . . 
pea mtrogen (%) III August 
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" ' .. ",," 12. V;lr;a';oll ;11 1I;'rtlgCII ("/0.) of clifft'rell' grass spl·t· ics ill SYS'l'IIIS I (lIa.urHI ~r;lsslaIHI). II (pine hased sih·ip .. slora\ syslc,n). \\\ \horH-pas\u("u\ sys\c\n). 

IV (improved ~rasslalld'. V (fodder tret.'s h:.lsed sil\'il':lslnral system) during the study period at ditTerenl sampling intervals. (Values ill parentheses 
represent nitrogen per cent in bdowground biomass) 

JUI.Y AUG II S T 

Specics 
\ SI Fonnight 2nd FIlI1nighi 151 Funnight 2nd Fonnight 

System System System System 
II III IV V II III IV V II 11\ IV V II III IV V 

IIr!eropogoll conrortlls 0.1\2 0.75 0.!!3 0 .77 0 .77 0.% 
(0.57) (0.70) (0 .68) (0.58) (0 .69) (0.66) 

ThemC'r/a /riandm 0 .90 073 ()I)I 

(0.72) (0.62) (071) 
Fes/"cn nlhra 0.85 0 .75 0.85 0.84 0.85 0.79 1.07 1.00 0.90 0 .90 0 .90 1.23 1.08 0 .94 0 .94 OQ7 1.09 1.27 1.09 0.95 

(0.62) (0.48) (0.71 ) (0.66) (0.74) (0.53) (0.61 ) (0.86) (0.73) (0.76) (0.62) (0.84) (0.92) (0.77) (0.84) (O.M) (0.8\ ) (0.93) (0.89) (0.93) 
PaniC/In. mnxillllllll 0 .84 0 .92 0.71 0.84 0.84 121 1.04 0.92 1.33 1.15 1.05 090 1.27 1.01 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 ) 
BrOil/US jflermis 0.95 0.80 0.97 

(0.52) (0.7\ ) (0.84) 
Oplismeflus r.omposillls 0.84 0 .85 0.98 0.97 

(0.79) (0 .75) (0 .72) (0.81 ) 
Chrysopogon mo"tanrl5 0.85 0.91 0 .85 0.77 0.85 0 .93 1.07 0 .94 0.77 1.\9 1.09 1.23 \.23 0 .87 0 .99 0.87 1.29 1.28 0.98 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) 
lIenrarthria protensa 0.82 0 .85 (j .83 0.88 

(0.60) (0.57) (0.75) (0.52) 
Dactylis glomerata \.0\ 0 .86 0 .93 1.09 0 .88 1.16 1.13 1.00 0.99 1.26 1.27 1.25 

(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 \.35 1.50 \.35 0.97 1.54 1.80 1.50 1.58 1.05 

0 .83 (0.95) (0.92) (0.96) (0 .67) (0.93) (1 .09) (0.94) (\.09) (0.89 
Avnagc 0.82 0.94 0.85 0.83 0.85 0.97 1.21 1.04 0.88 1.06 0.97 1.33 US 1.10 0.99 0.87 1.29 1.28 0.94 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) (0.8S) (0.60) (0.92) (0.96) (0.83) (0.91) 

SEPTEMBER OCT 0 B E R 

Species 1st Fortnight 2nd Fortnight 1st Fortnight 2nd Fortnight ~ 
System System System System 

II III IV V II III IV V II III IV V II III IV V 
Hcteropogon con tonus 0 .96 1.07 0 .85 

(0.71 ) (0.85) (0.59) 
Themer/a trianr/ra 0.84 1.29 1.10 0 .82 \.07 0.73 0 .7\ 

(0.64) (0.96) (0 .91 ) (0 .61) (0.87) (0.57) (0.56) 
Festuca rubm 1.09 \.35 1.43 \.27 1.01 0.95 1.78 \.36 1.13 1.27 0 .81 1.43 1.08 0.84 1.00 0.73 1.13 1.1 3 0.94 0 .84 

(0.68) (0.85) (1.0 I) (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) 
POflicum mnximlll" 0.98 1.45 J.J2 0 .81 \.50 0.7\ 

(0.66) (0.93) (1 .04) (0.59) (0.92) (0.56) 
Bromus inermis 1.01 0.84 

(0.83) (0.52) 
Oplismeflus composi/us 1.17 1.19 1.01 1.15 1.27 1.03 0 .97 

(0.90) (0 .91) (0 .81 ) (0.95) (0.99) (0.89) (0.79) 
Chrysopogo" mo,,/a"lIs 085 J.J4 0.80 0 .87 0.67 0 .98 1.13 0.97 0.94 

/lentarthria pro/e"sa 
(0 .66) (0 .84) (0.58) (0 .73) (0.57) (0 .70) (0.84) (0 .88) (0 .82) 

0 .95 

Dacty lis glomera/a 
(0.79) 

1.40 1.45 \.50 \.50 1.58 1.78 0 .91 1.01 1.07 0.85 0.90 J.J3 

Miscellaneous 
(0.99) (1.01 ) (\ .08) (0 .99) (1.03 ) (1 .04) (0.85) (0.8 I) (0.94) (0.74 ) (0.7\) (0 .83) 

1.70 1.60 1.25 1.27 
(O.99) (0.96) (0 .90) (0.94) 

An'rag~ 0.97 1.45 U:! 1.21 1.23 0./16 1.50 1.22 1.23 1.44 0.76 1.34 0.95 0.9.3 \.03 0.74 1.13 1.04 0.94 0.97 
(0.67) (0.93) (1.0 I) (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 belo~ 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 

below ground 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 Pallicum 

maximum, while other species showed highest nitrogen(%) at different times. However, 

the highest nitrogen (%) in belowground biomass i.e. 0.95%, was observed 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 silvipastoral system fluctuated from 0.94 to 1.50 per cent. The data depicted that 

the average nitrogen content of different species increased gradually from 1st fortnight 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 I st fortnight of September. 

In this system too, 'miscellaneous species' exhibited highest nitrogen (%) i.e. 1.70 per 

. cent in I st fortnight of September. 
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b) 8elon-ground biomass 

The average nitrogen content(%) of belowground biomass of herbage under pine 

based silvipastoral system varied from 0.60 to 1.00% during the study period. It WClS! 

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 I st 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 in 1 st fortnight of July. In this system too, 'miscellaneous species' attained the 

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

iii) Hortipastoral system 

a) AboH'ground biomass 

The average nitrogen content (%) of aboveground biomass of herbage under 

honipastoral 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 1 st fortnight of July to 15t fortnight of September, thereafter it decreased. 

The highest average nitrogen content for above ground biomass was recorded in 1 st 

fonnight of September. whereas, in natural grassland and pine based silvipastoral syslem 

the highest average nitrogen content was observed in 2nd fortnight of July and 2nd 

fortnight of September. Among individual grass species, Dactylis g/omerala attained 

highest nitrogen content in aboveground biomass i.e. 1.50 per cent in 2nd fortnight of 

September while Pallicum maximum had the lowest nitrogen content (0.71 %) in 1st 

fortnight of July. 
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b) Bel~wground 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 1 st fortnight of July to 1st fortnight of September, thereafter it decreased 

till October. The highest average nitrogen content for belowground biomass was recorded 

in 1st 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, Paflicul11 maximum 

attained highest nitrogen content in belowground biomass i.e. 1.04% N in 1 st fortnight of 

September, whereas, the same species had lowest nitrogen content (0.55%) in 1 st 

fortnight of July. 

iv) I mpro\'ed 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 1 st 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 1st fortnight of September, respectively. Among the individual grasses, 

FeSlUC{l nlbra. Pallicum 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 HeleropogolJ cOlltorlus showed the lowest nitrogen content (0.77%) in 

aboveground biomass in 1st fortnight of July. 



b) Belowground biomass 

The average nitrogen content (%) of bclowground biomass of herbage in 

improved grassland varied from 0.65 to 0.98 per cent. It was evident from the data th,lt 

average ni trogen content of belowground biomass gradually increased from 1 st 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 September 

wht!reas in natural grassland. pine based silvipasloral and hortipaSloral syst~1l1 high~st 

values for N per cent were recorded in 2nd fortnight. of July, 1 st fortnight of October and 

1 Sl fonnight of September respectively. Among the individual grasses, Fesilica rllbra 

attained the highest nitrogen content (1.05%) in 2nd fortnight of September while 

Hemarllzria proteI/sa showed the lowest nitrogen (0.52%) in 1 st fortnight of July. 

y) Fodder trces 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 1 st fortnight of July to 2nd fortnight of September, thereafter it 

decr~ased. The maximum average nitrogen content for aboveground biomass of herbage 

was recorded in 2nd fortnight of September similar to improved grassland but different 

from natural grassland, pine based silvipastorai and hortipastoral systems where the 

highest nitrogen content was recorded in 2nd fortnight of July, 2nd fortnight of 

September and 1 st fortnight of September respectively. The average nitrogen content of 

aboveground biomass of herbage indifferent systems showed that in general, the highest 

average ni trogen content was observed in 1 st and/or 2nd fortnight of September. Among 

the individual grasses, Due/yUs glomerala exhibited the' highest nitrogen content (1.78%) 

for aboveground biomass in 2nd fortnight of September while I/c/cropogoll COII/orIIiS 

showed the lowest nitrogen content (0.77%) in 1st fortnight of July. 

50 



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 (0/0) of belowground biomass increased gradually from 1st 

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 I st fortnight of July, 1 sl fortnight of 

October and 1 st fortnight of September, respectively. Among the individual grasses, 

Dactylis glom,era/a had the highest nitrogen content in belowground biomass (1.08%) in 

1 st fortnight of September whereas Heleropogon cOlllorlus showed the lowest nitrogen 

(0.69%
) in 1st 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 

di fferent systems during the study period 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 

dal~l lhal there was a constant increase in average phosphorus content from 1 sl fortnight 

of Jul'y to 2nd fortnight of September, thereafter it decreased. The highest average 

phosphorus content (0.14% P) of community aboveground biomass was recorded in 2nd 

fortnight of September, whereas, the lowest (0.07%) phosphorus content was recorded in 

2nd fortnight of October. Among the individual grasses, PalliculII maximum &attained the 
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. . dr.' ht f September while same species highest phosphorus content (0.17%) In 2n lortmg 0 

. . r.' ht f July The peak values of had the lowest phosphorus (0.06%) In 1st lortmg 0 . 

phosphorus content in diffcrent species were observed in I st and/or 2nd fortnight of 

September. 

b) Bclowground 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 1 st 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 contcnt (0.05cyo) was 

recorded in 1 st fortnight of October. Among the individual grasses, PWlicUI1l maximum 

attained the highest phosphorus content (0.11 %) in 2nd fortnight of September while the 

JO\vest phosphorus content (0.02%) was recorded for same species in 1 st fortnight of 

July. 

i i) 

a) 

Pille based silvipastoral jill 
Aboveground biomass 

It was clear from the Table 13 that the average phosphorus content (%) of 

aboveground biomass of herbage in pine based silvipastorai 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 1st fortnight of July to the 1st fortnight of 

September, therca~ter, it decreased. The highest average phosphorus content of 

community above ground biomass (0.13%) was recorded in 1 st fortnight of September. 

The lowest average phosphorus content of aboveground biomass (0.09%) was recorded 

in J st fortnight of July, while in natural grassland it was recorded in 2nd fortnight of 

October. Among grasses, Fesluca rubra attained the highest phosphorus content (0.15%) 

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

for Heleropogoll cOlllorlllS in 1 st fortnight of July. 
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.,-"",.. '3. VOfriarioll in phosphorus ('X.) IIr difr""cnl ~ras", "'pt·t·it's in syslt'rlls I (""cur,,' ~n,ss""I('), II (pill~ h .. sc,1 !>ilvipast .. ra\ s~· stc'1\). H' (h<>n.-\ ... s'""", 

sySll'Ill). 1\' (illlp/'fI\'l'C1 grassland). \' (fOll<kr In~('s hased sil\'ipasl(Jral syslem) during Ihe sludy peri()d al different s'\lllplin~ inll'n-;lls. (\'"Iues ill 

parentheses repre~e"l phosphorus pcr cenl in belowground biomass) 
J lJ 1. Y A I) (i 1I S T 

-----I st Fortnight 2nd Fortni~hl I st Fortnight 2nd Furtnlght 
Spn' il's 

System Sysh;m System Systt:m 
II til IV V 1\ III IV V \I III 1\' V II 1I1 IV \ . 

- --

I klt,,."('OKon con/or/II.< 0.06 0 .06 0.011 0 .06 0.07 0.09 
(0,04) (0.04) (0,06) (0 .~5) (0 .05) (0.05) 

n/('II,cdn Irinndrn 0 .01) 0,08 0.08 
(007) (0.06) (006) 

/-'I'SIJlCa rubra 0,06 0,08 0,07 0.08 0.08 007 0 .01) 0.09 0.011 O.OS 0 .0!! 0 ,11 010 0.10 0 .10 0,11 0 .09 0.10 0 , II 0 .11 
(0.02) (0.04) (O ,OS) (0 .06) (0 .06) (O.O-t ) (DOS) (0.%) (0.06) (0.0<1) (0.06) (0.%) (0.07) (008) (007) (0 ,06) (0 ,06) (0.07) (0.08) (0.08) 

PanicJlm nt(uimum 0.10 0.10 0.06 0.Q7 0.06 0.\0 0.09 0.08 0.12 0 ,10 0 .09 0,15 0.12 0.Q9 0,10 0.10 
(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) (008) 

BromJl:S intnnis 0.12 0.09 0.09 
(0.08) (0.06) (0.06) 

Oplismenus composilus 0 .13 0 .08 0.13 0.08 
(0.08) (0.06) (0.07) (006) 

CIIf)'sopogon monlnnus 0.07 0.08 0.08 0.Q7 0.Q7 0.09 0.10 0.10 0,09 0. \0 0.12 0.11 0 ,12 0.10 0.10 0.11 0.11 0 ,10 0.11 010 
(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) (001) (008) (0.07) (0.08) (0 .01) (0 .01) (O.OS\ 

lIemarlhria prOlen:sn 008 0.08 0.08 0.08 
(0.04) (0.06) (0,06) (0.05) 

Dactylis glomuala 0,07 0.08 0.08 0.08 0.09 0.10 0.09 0 ,11 0 .\0 0.10 0.12 0.12 
(0.06) (0.04) (0.06) (0.06) (0.06) (0 .07) (0.06) (0 .08) (0.07) (0.01) (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) 

A"fragt 0.09 0.09 0.07 0.07 0.08 0.11 0.10 0.09 0.Q9 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) 

S E PTE M B E R OCT 0 B E R 

Species \ 5t Fortnig.hl 2nd Fonnighl 15t Fonnight 2nd Formight 
System System System System 

II III IV V II III IV \' II III IV V II III IV \' 
HCleropogon can/onus 0,12 0 .10 0.Q7 

(0.06) (0.07) (0.05) 
17temeda /n'andra 0.09 0 .10 0.10 0.10 0,12 0 ,08 0.07 

(0,07) (0.07) (0.08) (0,07) (0 ,08) (0,06) (0.04) 
Fts,ucn rubra 0,12 0.15 0.11 0. \2 0.13 0 ,14 0 .10 0.09 0, \3 0.12 0.09 0,11 0.08 0,10 0 .\0 0,08 0.10 0,08 0.09 0.08 

(0.08) (0 .08) (0.08) (0.10) (010) (0,09) (0.07) (0 .06) (0.10) (0. \0) (0.06) (0 .07) (0.06) (0.09) (0 ,09) (0.05) (0.07) (0,06) (0 .06) (0.06, 
Pnnicum maximum 016 0,\3 0.11 0.17 0. 11 0.13 

(0 .10) (0,10) (0.07) (0.11 ) (0,07) (0,05) 
BronJIIs jllermis 0.09 

Oplismenus composilus 
(0 ,07) 

012 0. \4 0.10 0.12 0.14 0 .12 0.09 

Chr),50pogo" '"0111(1""5 
(0.08) (0 .12) (0.08) (0 ,10) (0.12) (O .IO) (0.08) 

0,\4 0 ,09 0.10 009 0.07 0.08 0.08 0.09 0.10 

/(emnrlhrio prOlensn 
(0,10) 10,05) (0.06) (0.07) (0 .06) (0.06) (0.06) (006) (0.07, 

0 .09 

Dnclylis glomernln (0 .06) 
0.1\ 0. 13 0.12 0. 11 0.12 0 .11 0.11 0.\ 1 0 ,10 0 ,10 0 .09 0 .10 

Miscellaneous 
(0.07) (0.10) (0.09) (0 .08) (0 .09) (DOS) (0 ,07) (0 .08) (008) (0 ,06) (0 .06) (Om, 

0.15 0 ,13 0.13 .0.12 
(010) ,0.09) (0.09) (0.08) 

AH'ngt 0.12 0.1.3 0.11 0.11 0.13 0.14 0.11 0.10 0.12 0.11 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) (O.OS) (0 .09) (O.OS) (0.07) (0.()6) (0.()6) (0.07) 



b) Below ground biomass 

The average phosphorus content (%) of below ground biomass in pine based 

sil\'ipastoral 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 bdow ground 

biomass of community remained constant. In natural grassland, phosphorus (%) increased 

steadily from 1 st fortnight of July to 2nd fortnight of September. Among the individual 

grasses, Pal/iCCllJll maximum attained the highest phosphorus content (0.09%) in 2nd 

fortnight of August and lowest phosphorus content (0.04%) was recorded for 

He[(:.ropogon COlltorlUs 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 countelvarts. 

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 in hortipastoral system ranged between 0.07 to 0.11 

during the study period. A perusal of data depicted that there was stc41dy increase in 

average phosphorus content of above ground biomass from 1 st fortnight of July to 1 st 

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 1 st fortnight of September as in case of pine based silvipastoral system. 

Among the individual grasses, Fesluca rubra, Pallicum maximum and Daclylis glomera/a 

attained their highest phosphorus content in 1 st fortnight of September. The highest 

phosphorus content (0.11 %) was recorded for Feslllca rubra in 1 st fortnight of 

September while PalliculIl maximum exhibited the lowest phosphorus content (0.06%) ill 

1st fortnight of July. 
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b) Below ground biomass 

The average phosphorus content of below ground biomass of herbage \11 

hortipastoral system fluctuated between 0.05 to 0.07 per cent during the study period. It 

was recorded that the average phosphoms content of community below ground biomass 

remained constant as in case of pine based silvipastoral system contrary to natural 

grassland where a steady increase from 1st fortnight of July to 2nd fortnight of September 

was recorded. Among grasses, Feslltca rubra exhibited the highest phosphorus content 

(0.08%) in 1 st fortnight of September while the lowest (0.04%) was recorded for 

PUllicllnl maximum in 1 st fortnight of July. 

i\') I mproved 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 h6rtipastoral systems it 

increased upto 1 st fortnight of September. The highest average phosphorus content 

(0.12% P) of above ground biomass was recorded in 2nd fortnight of September, 

thereafter it decreased similar to natural grassland, pine based silvipastoral and 

hortipastoral systems. Among individual grasses, Dac/ylis glomera/a attained the 

highest phosphorus content (0.13%) in 1 st fortnight of September while lfeicropogoJl 

COf/[orl/lS attained the lowest phosphorus content (0.06%) in I sl fortnight of July. 

b) Uelow ground biomass 

The average phosphorus content (%) of below ground biomass of improved 

grassland varied from 0.05 to 0.09 per cent. During the study period, the average 

phosphorus content of below ground biomass increased steadily from 1st fortnight of July 
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to 2nd fortnight of September simi lar 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 ground 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, it was noticed that phosphorus content of all species in below 

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

v) Foddcr trecs based siJvipastoral 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 ~1 steady increase in average phosphorus content of community above 

ground biomass from 1 st fortnight of July to 1st 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 1 st 

fortnight of September while the lowest was noticed in I st fortnight of July. Among 

grasses, Oplismelllls composillls attained the highest phosphorus content (0.14%) in 1 st 

and 2nd fortnight of September, while, the lowest phosphorus content (0.07%) was 

recorded in HeteropogelJ cOIl/ortus in 15t fortnight of July. 

, b) Below ground biomass 

The data given in Table I3 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 steady 

increase in average phosphorus content of below ground biomass from I st fortnight of 

July to 2nd fortnight of September similar to the natural grassland while in other systems 

the average phosphorus content was nearly constant till 2nd fortnight of September, 

thereafter it decreased. The highest average phosphorus content in community below 
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, . h'l th lowest average phosphorus contcnt 
ground biomass was recorded In Septemb~r, w lee . 

. d' vidual species roots of Dactylts 
was recorded in I st fortnight of July. Among In I , 

. . . t t (0 12%) in 2nd fortnight of 
glomeralQ attamed the hIghest phosphorus con en . 

. ded (005%) in Heleropogall August,while ,the lowest phosphorus content was rccor . 

conlorus in 1 st fortnight of July. It was evident from results that the phosphorus content 

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

species during di fferent 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 grassland 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 lowest avcrage 

potassium content (0.64%) was recorded in 2nd fortnight of October. The performances 

of individual grass species showed that Chrysopogon mOil/anus 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 contelH 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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,,. .. 111 .. , '4. V .. d ... ioll ill po'assillll' ('X.) ofdif(ercn. ~rass sp,-·d.,s in S)'SIC'"S I (11'1""' ,,1 ~r~lssb"HI), I. (pill'-' has,-'" sjlvjpast",·"" s~· St"·I") . \II 0" .. ·"-1''''', ...... , ,.~. ,.\"'\\) , 

IV (illlproved grassland), V (fodder In'l'S based sil\"ipastoral Systl'lll) during the study Ill'riod at dirfen~nt s;lI\lplin~ inh:rvals. (Values in parcn\hcses 
represent pot .. s~iull1 per rcnl in bel()wground biomass) 

J U L Y AUGUST 

S~cic5 
15t Fortnight 2nd Fortnighl 15t Fortnight 2n.1 Fortni~ht 

Syslcm Sysh:m System Syslem 
I II 111 IV V 11 III IV V \I 111 IV V II 111 IV V 

HCfcropogofl CoflforfUJ 0.60 0.51! 0.72 0 .4 0 .68 0.74 
(0.48) (0.46) (0.54) (0 .42) (0 .42) (0.54) 

T1rrlfl('t/o fr;afldrn 0.1\11 0 .98 0.84 
(0 .(,4 , (0.54) (074) 

FCSlliCO nlbro 0.56 0.e.8 0.70 0.86 0.84 0.54 0.82 0.78 0.76 0.96 0 .62 0 .90 0 .114 0.% 1.08 0 .84 0 .90 084 1.10 1.12 
(0.42) (0.58) (0.51 ) (0.56) (0 .51 ) (0.46) (0.70) (0.56) (0.54 ) (0.56) (0 .56) (0.68) (0.70) (0.66) (0.62) (0.64) (056) (0.72) (0.70) (0.70) 

Pan;cllln maximum 0.74 0.70 . 0.68 0.76 0.66 0.96 0.88 0.78 1.26 0 .95 0.96 1.08 1.18 0.88 1.04 1.18 
(0.27) (0.48) (0.44) (0 .54) (0.50) (0.7) (0.65) (O .bS) (0 .86) (0.73) (0.58) (0.72) (0.96) (0.78) (0.76) (0.76) 

Bromus ifler",is 0.84 0 .86 0.74 
(0.20) (0.56) (0 .62) 

Oplismt:nus CO"'POSiIll5 0.76 0.78 0.72 1.00 
(0.22) (0.46) (0.52) (0.68) 

ChrY50pogon mOflfOll1l5 0 .86 0 .60 0.64 0 .76 0 .94 0.70 0.96 0.78 0.96 1.12 0 .86 1.14 0.90 0.96 \.08 0.97 \.32 1.16 1.22 1.11 
(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) (0.68) (0.70) (0.63) (0.90) (0.86) (0.78) (0.74) 

Hemar,hrio prolcnsn 0.70 0.64 0.68 0.62 
(0.25) (0.42) (0,42) (0.44) 

Dacfylis glomeratn 0.78 0.72 0 .96 1.02 0.82 1.02 1.04 0.94 1.04 1.46 1.12 1.04 

MisCellaneous 
(0.64) (0.50) (0.48) (0.76) (0.62) (0.78) (0.86) (0.62) (0.63) (0.90) (0.74) (0 .76) 

0.92 1.04 1.10 0 .98 0.75 \.74 1.18 1.88 1.46 1.08 
(0 .76) (0.70) (0.84) (0.76) (0 .65) (1.06) (0.84) ( 1.18) ( 1.02) (0 .72) 

A~·e,.agr 0.72 0.69 0.70 0.73 0.84 0.73 0.96 O.8S O.S! 1.03 0.75 1.26 0.95 0.98 1.04 0.97 \.32 \.l6 1.07 1.11 
(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 OCT 0 B E R 

Species I SI Fortnight 2nd Fortnight 151 Fortnighl 2nd Fortnight 
System Sysl.:m System System 

11 III IV V II III IV V 11 III IV V 11 III -IV V 
Heleropogon conlOrt/4S 0.96 1.00 0.70 

(0.70) (0.76) (0 .54) 
Themedn Iriondrn 1.02 1.10 1.12 1.14 1.02 0.68 0.58 

(0.62) (0.62) (0.78) (0.76) (0.70) (O.SO) (0 .42) 
Fesfuco rubro 1.00 1.16 0.96 1.14 /.24 1.04 1.02 0 .84 1.12 1.18 0.60 0.90 0 .76 0.78 1.00 0.52 0.90 0.62 0.82 0.60 

(0.70) (0 .80) (0.82) (0 .76) (0 .78) (0.72) (0.66) (0 .70) (0.68) (0.82) (OA:!) (0.64) (0.58) (0.56) (0.70) (0.34) . (0.65) (0.48) (0.60) (0.46) 
Pafl;cum 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 ;flermis 1.10 

Oplismenus compos;lus 
(0 .88) 

1.02 UO 1.\6 \.04 1.\8 \.02 0.72 

Chrysopogon mon/nnus 
(0.64) (0 .90) (0.84) (0.76) (0.84) (0.76) (0.50) 

1.26 0.96 1.12 0 .86 0.76 0.76 0.98 0.86 0.74 

Hemnrlhria profcflsa 
( 1.02) (0.72) (0.88) (0 .70) (0.42) (0 .44) (0 .42) (0.58) (0 .48) 

062 

Dncfylis glomcrntn 
(0 .52) 

1.68 1.24 J.l0 1.38 1.06 \.14 1.04 1.08 0 .96 0.88 0.78 0 .88 

Miscellaneous 
( 1.06) (0 .96) (0 .90) (0 .96) (0.82) (0 .86) (0.74) (0 .74) (0.64) (0.56) (0.62) (0.50) 

200 1.46 1.22 1.04 
(1 .30) (1.04 ) (0 .90) (086) 

Av(',.ag~ 1.02 1.42 1.30 1.10 1.2. 1.11 1.24 1.12 1.06 \.17 0.70 1.06 0.119 0.113 0.99 0.64 0.90 0.83 0.82 0.74 
(0.70) (0.91) (0.9' ) (0.78) (0 .86) (0.110) (0.111 ) (0.85) (0.74) (0.114) (0.58) (0.77) (0.67) (0.61) (0,70) (0.42) (0.65) (0.49) (0.60) (0.48) 



from 1 st fortnight of July to 2nd fortnight of September, thereafter, it decreased. The 

individual performances of different species showed that Chrysopogon mon/anus attained 

the highest potassium content 0.02%) in 2nd fortnight of September while the Bromus 

illerl1lis had the lowest potassium content (0.20%) in 1 st 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 :imes. 

ii) 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 1 st fortnight of July to 15t fortnight of September. The 

highest average potassium content was observed in lst fortnight of September, while the 

lowest was recorded in 1st fortnight of Ju]y similar to the results recorded for natural 

grassland. Among the individual species, Pallicum maximum attained the highest 

ootassium content (1.18%) in 2nd fortnight of August while Heleropogall COlllOrtlis 

exhibited lowest (0.58%) value in lst 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 varied 

from 0.52 to 0.91 %. It was also evident that there was gradual increase in average 

potassium content of below ground biomass from 1 st fortnight of July to 1 st fortnight of 

September, thereal1er it decreased. Contrary to it in natural grassland potassium content 

increased upto 2nd fortnight of September. The highest average potassium content 

(0.91 %) was recorded in 1 st fortnight of September. Among the individual grasses, 

PlllliclIl1l IIIllximlllll attained the highest pot,lssiulll content (0.96%) ill 2nd lorlnight ur 
August while Ilelll(Jrlliria prot elisa exhibited the lowcst potussium contcnt (0.42'Yu) in 1st 

fortnight of July. 

59 



iii) lIortipastoral system 

a) Above ground biormlss 

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 

\'3.ried 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 1 st fortnight of July to 1 st 

fonnight of September similar to pine based silvipasloral system but in natural grasslund 

it contained upto 2nd fortnight of September. thereafter, it decreased. The highest average 

potassium content (1.30%) was recorded in 1st fortnight of September, while, the lowest 

(0.70%) was recorded in 1 st fortnight of July. Among grasses highest potassium content 

(1.68%) was recorded for Dacly/is glomerala in 1st fortnight of September while the 

lowest (0.64%) was observed for Hemarthria prolellsa in lst 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 

honipastoral system fluctuated from 0.49 to 0.91 per cent. A pemsal of data revealed that 

the average potassium content of below ground biomass increased steadily from 1 st 

fortnight of July to 1 st fortnight of September similar to the case of pine based 

silvipastoral system, thereafter it decreased. The highest average potassium content wus 

(0.91 %) recorded in 1st fortnight of September. The performance of individual species 

showed that Due/ylis glomerata attained the highest potassium content (1.06%) in . I st 

fortnight of September, while, the lowest was recorded (0.42%) for Hemarthria protellsa 

in 1 st 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) Improvcd 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 1 st fortnight of July to I st fortnight of September 

similar to the case of pine based silvipastoral and hortipastoral systems, thereafter, it 

decreased. Among individual grass species the highest potassium content (1.24%) was 

rccorded for Dacrylis glomerata in 1st fortnight of September, whi Ie, the lowest was 

recorded (0.40%) for HeteropogolJ contor/us in 1st fortnight of July. The peak values for 

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

September. 

b) Bclow 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 1 st fortnight of July to 1 st fortnight of September similar to the 

tindings in pillc based silvipastoral and hortipastoral systcms, lhcrcatlcr. it Lieere .. sed. The 

highest uveragc potassium content (0.78%) was observed in 1st fortnight of September 

while the lowest (0.50%) was observed in 1st fortnight of July. The pcrfonnances of 

individual grass species showed that Dactylis g/omerala attained highest (0.96%) 

potassium content in I st fortnight of September while the lowest (0.42%) was recorded 

for Hereropogoll COlltortus in lst 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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\') 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 1 st fortnight of July to 1 st 

fortnight of September similar to pine based silvipastoral hortipastoral systems, and 

improved grassland, thereafter, it decreased. Among individual grass species, Oplismelllls 

cOIllPOSilliS attained the highest (1.30%) potassium in 1 st fortnight of September while 

the lowest was recorded as (0.60%) for Themeda lriandra in 2nd fortnight of October. 

The peak values for different grass species were recorded in 1 st 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 1 S1 fortnight of July to 1 st fortnight of September similar to the case pine 

based silvipastoral, hortipastoral systems and improved grassland, thereafter, it 

decreased. The highest average potassium content in below ground biomass was recorded 

(0.86%) in 1 st fortnight of September, while, the lowest was rccorded (0.48%) in 2nd 

fortnight of September. Among individual grass species Oplismelilis compositus attained 

highest (0.90%) potassium content in 1 st fortnight of September, while, lowest (0.42%) 

was recorded for Heleropogoll COlltorlllS in 1 st fortnight of July. The highest values for 

potassium content in below ground biomass for individual species were rccorded in I sl 

and/or 2nd fortnight of September. 

4.3A 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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Tah/r: );0;. \'"dalion ill (a/duIII ('X.) of di(f('rellI J.:rass lilll·fit,!. ill ~~ ' Sll'lII!\ I (Illllllral ~r;lli!.I;IIHJ). \I (piIH' h;I!\~'d ~ihip;I~I"n'\ sYStl' II\) . \\ \ (h()rti - I)~s' .. r~\ "~' '''",,\). 

IV (iIllPrcl\"('d J!rassl:lIul). \' (fudd('r In'l'S has('cI silvip:tslnral sySI('Il\) dllrinJ! (114.' s(\ld~' perind al diffl'rl'n( satnplin~ illten·;lIs. (Values ill p;tn'lIlh('ses 

repreSl'~11 calciuln pl'r ('('III in ht'lo"~f(lII'HJ bi()llla .~~) .. __ . 
'--.- -- - ----- - .- -- - ---.. - - ----TTJii · U-S 1 

1 U '- Y 

SPC'IC~ ~ 
lSI h \rtnighl 2nd Furlni~hl I Sl Fmlnlghl 2nd Furtnil!hl 

System SySlcm Sy"lclIl Syslcm 
I II III IV V II III IV V II III 1\ ' V 1/ III IV \' 

I/c/('ropogOl' cOlI/onl/.' 100 1 .6~ I.()l\ no ~ . :!.1 1.6') 
(0 1)(,) (O.'>>!) (142) (I ~) (170) ( 1.30) 

TJrem('df/ tri""drn 2 .(,(, I 12 201( 
(2 . ~\1) (0 M6) (170) 

/-'f'JlItCa rulJrt/ 1.64 1.5(, 200 2 ,l(l 2.59 1.50 ISO 2.)4 1 90. 296 I .J6 J ~8 L?!1 U..:! 2.X4 1.16 2.Jb 1.% 1.74 276 
(1.20) ( 1.46) ( 1.6<,) ( 176) ( 1.<)2) (1.16) (1 .42) ( 1.90 (1 .50) (2 .62) ( I. O-l ) ( 140) (1.114 ) ( I .tO) (2.52) (094) (1.84 ) (1 .61\) (UR) (2 .28) 

PoniClttrt ma.lin""" 161 1.42 2.1"s 2 l>..:! 1.)6 2.07 2.5R 1.78 I 8J 1.99 2.40 1.12 \.18 1.94 1.511 2.02 
( 1.22) ( 1.111) ( 1.90) (I ~~l (1.06) (1.72) (2 .0<) ( L42) (150) (1 .62) ( 1.80) (088) (0.98) (1.64) (/26) (\. 76) 

8rO"11:5 in~r",is 1.62 1.74 1.94 
(1.36) ( 1.38) (\. 68 ) 

Oplisml'n/d composilllS 1.62 2.86 2.04 
11 .24) (2 .14) (1.%) 

Chrrsopogon mon/nnll.1 160 1.66 2.10 ~04 :!.36 1.46 1.62 2.08 2.76 2.28 1.40 156 \.96 \.<)0 2.40 \.13 itO 2.10 1.64 2.40 
(140) ( 1.46) ( \.56) (~ . ~:!) (\.%) ( 1.36) (1 .38) ( 1.50) (2 .26) (1.64 ) (120) 9\.22) (\,46) ( \.5:) ( \.81\) (0 .89) (1.S3 ) ( \.80) (132) (194) 

Ht!mnnhrin prO/t!nlO 1.63 1.64 '1.70 16-' 
0 .24) (l,46) (1.36) ( 1.7-0) 

DacryliJ glomerata 2.)0 :! .~2 288 2.26 220 2.18 1.74 1.94 2.54 \.50 \.88 2.4:! 
(2.08) 0 .(8) ( 1.88) ( 1.84 ) ( 1.84) (\.81 ) (1.56 ) (1 .70) (2 .06) ( 1.40) (\.64 ) ( 1.78) 

Miscellilleous 4.38 2040 3.08 448 1.51 2.44 )06 1.% 3.00 1.68 
(2 .64) ( \.58) (2 .36) (\ .84) ( 1.22) (l .88) (2 .:! ~) (1.76) (2 .46) ( \.5.1) 

A\n.g~ 1.62 2.06 2.00 2_'6 2.59 1.68 2.07 2.5t! 2.20 2.52 1.51 \.83 1.99 2.:!8 2.54 \.13 1.83 2.10 1.77 2.40 
(1.23) (1.53) (1.66) (1.90) (1.92) (1 .29) (1.72) (2.04) (1.81 ) (1.96) (I .:!;!) (I_"<J) ( 1.62) (1 .82) (2.06) (0.89) (1 .53) ( 1.80) ( 1.48) (1.94) 

SEPTEMBER OCTOBER 

Species 151 Form'~hl 2nd Formighl 151 Fonn ighl 2nd Fonnighl 
System System System Syslem 

II /I( 1\' V " !II IV V II III 1\ ' V Il III IV Y 
Heltropogon conlonlls \.16 \.-$ 0 .96 

(0.82) ( \. -!(, ) (0.72) 
TJrtmeda trinndra 108 2.16 2.£1) \.02 \.88 0 .96 0 .90 

(0.72 ( 1.70) (I Q(.) (0.64) ( 1.70) (0 .62) (0 .60) 
Fes/uca rubra 0 .96 \.48 1.78 I 8:! 2.58 0.92 1.06 . 1.64 \.62 1.92 0 .88 1.46 1.46 1.5-% 1.74 0.82 1.06 \.46 1.59 2.0-l 

(0.86) ( 1.38) ( 1.50) (1.:.(11 (2 .10) (0.80) (1 .00) (1.36) (IA8) (1.62 ) (0 .76) (130) (1.30) ( 1.36) ( 1.56) (0.68) (0.93 ) ( \.28) ( \.39) (\.68) 
PnniCltm mo.tin",", 092 1.77 1.70 0.90 \.28 0.80 

(0.78) (1 .49) ( \.16) (0.78) ( 1.08) (0.72) 
Bromus inermis \.28 1.74 

(1.12) (\.oW) 
Oplismenus compoWIIS L5~ 214 1.56 2.26 1.88 1.78 1.56 

(I (JS I (1 88 ) (1 .30) ( 1.82) ( \.72) ( 1.52) (\.38 ) 
CJ,r:l'Jopogon ",ontanriJ 1.20 \.36 102 1.68 0 .78 \.00 1.54 \.56 2.02 

(1.08) ( 1.08) (0.82) ( 1.24) (0.64) (0.90) (1.30) ( U6) ( 1.76) 
Hfmarlhrin pro/enso 158 

Oao.,1is glomerato 
( \.~61 

\.7(, I - ~ ~O8 1.60 1.68 \.96 1.62 1.66 2.18 1.50 L62 1.72 
(13(> 1 II =""1 (1 7J) ( 1.16) (150) (170) ( 1.(4) (I..!S 1 (1.58 ) ( 1.10) ( 1.42) ( 1.44) 

\";.:ellaneou~ 1.66 1.42 I 22 1.12 
( 1.38) ( L16) (I 10) (096) 

"'\('r3~f' 1.03 1.77 1.75 1.Nt 1.17 1.01 1.2814 \.51 I.K6 1.91 0.91 1_'1i 1.59 159 1.90 0.116 1.06 1.50 1.59 1.74 
(0.110) (1 .49) (1.3.a) ( .... 9' (\.91 ) (0.83) ( 1.08) (1 .14) (\.63) (1 .68) (0.73) ( 1.10) (1.19) (1.37) ( \.55) (0.66) (0.93) ( 1.22) (1.39) (1-56) 



i) Natural grassland 

a) Above ground biomnss 

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 contcnt 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 1st 

fortnight of July, while, the lowest (0.78%) was recorded for Chrysopogoll mOil/anus in 

2nd fortnight of October. The peak values of calcium contcnt in all the spccies were 

recorded in 1 st 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 

f011night 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 lowcst avcrage calcium content (0.66%) was rccorded in 2nd fortnight of Octuber. 

The calcium content of individual species showed that Feslltca rubra attained the highest 

calciulll content (1.64%) in 1 st fOltnight of July while lowest (0.78%) was recorded from 

Chr)'sopogon IIIOIlJalllls in 2nd fortnight of October. 

ii) Pine based silvipastoral system 

a) Abo\'(.' ground biomass 

The average calcium content of above ground biomass of vegetation III 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 
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fortnight of July to 2nd fortnight of October as in case of natural grassland. The highest 

a\'erage 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 

Chrysopogoll mOlliallllS attained the highest calcium (1.66%) in 1st fortnight of July, 

while, the same species had lowest (1.00%) calcium content in 2nd fortnight of October. 

The peak values of calcium per cent was recorded in 1st 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, FesluC(l rubra attained highest (1.46%) 

calcium content in I st fortnight of July and lowest (0.90%) was recorded for 

Chl)'SOpOgoll moJlla1l11S in 2nd fortnight of October. 

iii) Hortipastoral system 

a) Above ground biomass 

The average calcium content of above 'ground biomass in hortipaSloral 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 silvip"sloral 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 pille based silvipastoral system. Among the individual species PCllliclI1II 

maximum altained the highest (2.24%) calcium content in I st fortnight of July while 

lowest (1.46%) was recorded for Festuca rubra in 1 st 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 to 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 silvipasloral system. The lowest (1.19'Yu) 

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 perfonnances of individual species Daclylis glomerata attained highest 

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

for Themeda triallCira in 2nd fortnight of October. 

iv) I mproved grassland 

a) Above ground biomass 

The average calcium content of community above ground biomass of herbage in 

improved grassland varied from 1.59 to 2.36 per cent. During .the study period average 

calcium content of above ground biomass decreased continuously from 1 st fortnight of 

July to 2nd fortnight of October. The highest average calcium content (2.36%) was 

recorded in 1 st fortnight of July contrary to the natural grassland, pine based silvipastoral 

and hortipastoral. systems where, highest values were recorded in 2nd fortnight 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 

perf0n11anCeS of individual grasses Chrysopogoll mOlllUIlUS attained the highest (3.04%) 

calcium content in 1 st fortnight of July, while, the lowest (1.56%) calcium conlent was 

recorded for some species in 2nd fortnight of October. 

b) Below ground biomass 

It was clear from the data an Table 15 that the average calcium content of 

community below ground biomass in improved grassland varied from 1.39 to 1.90 per 

cent. It was further noticed that the average calcium content decreased from 1st fortnight 

of July to 2nd fortnight of October. The highest average calcium content (1.90%) was 
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recorded in 1 st fortnight of July while in natural grassland. pine based silvipastorai 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 

perfonnances of individual species showed that Chrysopogoll mOlltallllS 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. 

\.) Fodder trees based silvipastoral system 

a) Abo\'e 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 from 1 st 

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 1st 

fortnight of July and lowest (1.36%) was recorded for Chrysopogon mOil/anus in 2nd 

fortnight 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 lst andlor 2nd 

fortnight of July to October. The highest average calcium content (2.06%) was recorded 

in 1st fortnight of August, while, lowest (1.46%) was recorded in 2nd fortnight of 

October. The perfom"lances 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 Oplismellus composiluS 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 l\1agnesium 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 increased steadily from I st fortnight of July to J sl fortnight of October. The 

highest average magnesium content was recorded (0.601\) in 1st fortnight of October, 

while, the lowest was recorded (0.42%) in 1 st fortnight of September. Perfonnance of 

individual grass species showed that Panicum maximum attained the highest magnesium 

content (0.73%) in 1st fortnight of September, while, the iowest magnesium content 

(0.25%) was recorded for Heteropogoll con/otrum in 1 st 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 September, while, lowesl (0.24%) 

average magnesium content was recorded in 2nd fortnight. BroIJus i"er",is attained the 

highest magnesium content (0.50%) in 1st fortnight of July, while, the lowest (O.14S'Yo) 

magnesium content was recorded for Heleropogoll cOlltortus in 1 sl fortnight of July. The 

values for the magnesium content in belowground biomass was less as compared to their 

respective aboveground counterparts in alJ the species on different sampling dales. 
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ii) Pine based silvipastoral system 

a) Aboveground biomass 

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

. . d· .. b d ilvipastoral system varied from 0.38 to commulllty abovegroun biomass 10 pme ase s 

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 1 st fortnight of September. Among the individual grass species, Festuca 

rubra attained the highest (0.58%) magnesium content in 2nd fortnight of August, while, 

Heteropogoll COlllrO/IIS exhibited the lowest (0.32%) magnesium content in 1 st fortnight 

of July. 

b) Belowground biomass 

The average magnesium content of community belowground biomass in pme 

based silvipastoral system during the study period varied from 0.26 to 0.40 per cent. 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 1st fonnight 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 1 st fortnight of July. 

iii) lIortipastoral 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 1 st 

fortnight of July to 2nd fonnight of September, thereafter, it decreased, but in natural 

grassland it increased upto 1 st fortnight of October and in pine based silvipastoral system 
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Tahle 16. V",-ialioll in 11I:1J,:IIl'siulll ('Yo) of clincn'II1 grass spl'cil's ill Splt'IIlS I (nlilural J!ra~sland). II (pine h;\st'd sil\'ip;\Slnrai sySI~III) . l1' lhorli-pa!olnr:.a\ 

syslem). IV (improvecl grassland). V (fudder trees hased silvipastoral syst~m) durillJ! the study period at differcfli s:!llIl'linJ! inlcn'lIlli. (\'ahH~s in 
pan'/liheses represcn. lIla~nesillm per ceu. in bcJow~round biomass) 

--

J U L Y AUGUST 
1 SI Furtnighl 2nd rllrlnighl 151 Fllunishl 2nd Fllrtnight 

S",", ics 
SyslI:m System System System 

II 1\1 IV V II III IV \' II III IV V II . III IV V 
/lc/l'ropogon COII/OrllIS 0.25 0.32 o.) :! on 0.46 0 .5b 

(0 .14!!) (0.23) (0.2.1 , (0.14) (0.27) (0.31 ) 
nwmMalriandm 0 .-14 0 .11) 0 .37 

(0.28) (015) (0.23) 
Fc5IIIcn ruhm 0.29 0~35 0.33 023 0.36 0.35 0 .39 0 .23 0 .27 033 0.43 0 .43 0 .24 025 0.35 0.49 037 0.25 0 .31 037 

(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) 
I'nnicllm maximum 0.51 0.34 0 .27 0,48 0.55 0 .45 0 .33 0.53 0.50 0 .34 0 .42 0 .71 0 .58 0 .29 0 .58 040 

(0 .33) (0.27) (0 .14) (033) (0 .32) (028) (0.20) (0 .30) (0.32) (0.22) (0.24 ) (0.28) (0.33) · (0.18) (0.39) (0.23) 
Hrom,,! inermis 0.66 0.22 034 

(050) (0.16) (0.16) 
Oplismenus composi/us 0.64 0.32 0.54 0.32 

(0.47) (0.17) (0.33) 10.20) 
Chrysopogon mon/IlfIllS 0.61 0.43 0.32 0.42 0 .25 0.6-1 0 .49 0 .37 0 .63 0.38 0 .65 0.56 0 .39 0 .76 0 .38 0.46 0.49 0 .38 0.79 0 .40 

(0.27) (0.26) (0.17) (0.27) (0.19) (0.30) (0.27) (0.18) (OAS) (0.23) (0.37) (0.30) (0.19) (0 .-19) 10.23) (0 .24) (0.31 ) (0.30) (0.52) (0.25) 
Hcmar/hria prolehSfI 0.47 0.45 0 .43 0 .45 

(0.29) (0.27) (0 .27) (0 .39) 
Dactylis glomeral" 0.29 026 0.42 0 .34 0 .41 0 .39 0.40 0 .28 0.38 0 .46 0 .. 33 0 .44 

(0.17) (019) (0.23) (0 .18) (0.27) (0.19) (0.29) (0. 19) (0.23) (0.38) (0.23) (0.27) 
Miscellaneous 0.45 0.66 0.47 0 .50 0.55 0.50 0.58 0 .51 0 .53 0 .29 

(0.32) (0.46) (0 .34) (0,33) (0.32) (0.35) (0.43 ) (0.39) (0.46) (0.27) 
A\'~ragt 0.49 0.39 0.33 0_'4 0.36 0.49 0.45 0.33 0.41 0.36 055 050 0.34 0 .~6 O.3H 0.46 0.49 0.38 0.45 0.40 

(0.31) (0.26) (0.20) (0.:!5) (0.22) (0.27) (0 .:!8) (0.20) (0.27) (0.21) (0.28) (0.32) (0.22) (0.31 ) (0.23) (0.24) (0.31 ) (0.30) (0.29) (0.25) 

SEPTEMBER OCT 0 B E R 
Species 151 Fortl'lighl 2nd Fortnighl lSI Fortnighl 2nd Fonnighl 

System System System System 
(I III IV V II 111 IV V II \II IV V 11 III IV V 

Heleropogon COnlonus 0.27 0 .41 0.27 (0.18) (0 .25) (0.19) Themedo lriandrn 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) Fes/uca rubrn 046 0.43 0 .32 0.38 0.37 0 .41 0.46 0 .30 0 .38 0.45 0.57 0 .47 0.39 OA2 0.42 057 0.53 0,37 0.57 0.55 
(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) (0.2 1 ) (0.27) (0.35) (0.40) (0.26) (0.37) (0.27) 

Pnnicum maximum 0.73 0 .38 O.S:! 0.73 0 .50 0 .79 
(0.36) (0 .32) (0.19) (0.40) (0 .32) (0040) 

BromuJ inermis 0.61 

Oplismenus composi/us 
(0.19) 

0 .30 0 .41 0.37 0.34 0 .43 0.48 0.51 
(0.18) (0.24) (0 .18) (0.19) (0.30) (0.37) (0.46) 

C)IIpopogon monlantlJ 0.70 0 .52 1)60 0.38 0.78 0.46 0.37 0.60 044 
(0 .43) (034) (0.32) (0.25) (0.42) (0.37) (0.28) CO.2S} (0.30) 

JI('manlma prOll'nSfI 
0':5 

Dnct)'/i! glomerfJ/fI (0 .39) 
0.54 OJ 7 043 0 55 0 .37 0048 0.57 0 .}9 0.49 0 .55 0.53 0 .51 

(0.391 (On) CO2,}) (043) (0 .25) (032) (0.43 ) (0 .26) (0)6) (0.44) (0.48) (0.37) 
Miscellaneous 057 055 0.56 0 .59 

(OAI) (OAO) (0.42) (0.43 ) 
A\' ~ral:r 0.42 0_\8 0.46 0_'11 0.40 O.s3 0.51 0.46 0.39 OA5 0.60 0.52 0.45 0,42 0.46 053 0.53 0.43 0.57 O.SO 

(0.25) (0.32) (0.26) (O.:!5) (0.26) (0.33) (0.32) (0.26) (0 .27) (0.29) (0.32) (0.40) (0.31) (0.29) (0.33) (0.30) (0.40) (0.33) (0.37) (0.35) 



it increased upto 2nd fortnight of October. The highest average magnesIUm content 

(0.46%) was recorded in 2nd fortnight of September, while, lowest (0.33%) was recorded 

in I st 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 Panicw?I maximum in 1 st fortnight of July. 

b) Belowground biomass 

It 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 1 st fortnight of July to 2nd fortnight of October similar 

. to pine based silvipastoral system. The highest average magnesium 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 

perfonnance of individual grass species revealed that Daclylis glomerala 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. 

i\') 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 1st fortnight of July to 2nd fortnight of October similar to 

natural grassland, pine based silvipastora) and hortipastoral systcms. However. thc 

highest average magnesium content was recorded as 0.57 per cent in 2nd fortnight of 

October, while, the lowest (0.34%) average magnesium content was recorded in 1st 

fortnight of July. Among individual species, Chrysopogoll mOIl/allllS attained the highest 

(0.79%) magnesium content in 2nd fortnight of August. while, lowest (0.22%) 

magnesium content was recorded for Heteropogoll C~JIlt"Ollls in 1 st 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. It 

W3S evident from data that the average magnesium content of belowground biomass 

increased gradually from 15t 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 1st fortnight of July. Among 

the perfonnances of individual grass species Chrysopogon monlallus attained the highest 

(0.52%) magnesium content in 2nd fortnight of August and lowest (0.14%) magnesium 

content was recorded for Heleropogon COll/orlus in 1st fortnight of JUly. 

\') 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 1 st fortnight of October, while, the lowest 

average magnesium conlent was recorded as 0.36 per cent in 1st fortnight of July. The 

perfonnance of individual species revealed that Fesluca 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 Chrysopogoll mOil/anus in 1 st 

fortnight of July. 

b) Bclowground biomass 

The average magnesium content of bclowground biomass of vegetation III 

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 belowground 

72 



biomass increased gradually from 2nd fortnight of July to 2nd fortnight of October, 

similar to systems 11, HI 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 OplismellslIs comlJOsillIs (aUained lhe 

highest magnesium per cent (0.46%) in 2nd fortnight of October, while, the lowest was 

recorded (0.17%) for the same species in 1 st fortnight of July. The values of magnesium 

per cent were less in belowground biomass as compared to their lboveground 

counterparts in all the species during different sampling dates. 

~.4 PHYSICO-CHEl\1JCAL PROPERTIES OF SOIL 

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

presented in Table 17. 

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

Systems N (kglha) P (kglha) K (kglha) GC(%) BD (g/cm") 

I 351 .232 20.23 195.77 0.83 1.47 

II 331.712 22.63 253.83 0.71 1.38 

1II 326.446 21.28 215.53 0.79 1.33 

IV 388.512 21.18 283.33 0.85 1.45 

V 485.792 22.13 246.76 0.93 1.35 

4.4.1 Av~i1able nitrogen (kg/ha) 

The available nitrogen content (kg/ha) 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 kglha) in soil 

was recorded in hortipastoral system. The available nitrogen content of soil in natural 

grassland, pine based silvipastoral system and improved grassland were recorded as 

351 .23, 331 .71 and 388.51 kglha, respectively. 
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4A.2 Available phosphorus (kg/ha) 

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

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

phosphorus content was highest (22.63 kglha) falling under high category. The available 

phosphorus, content in natural grassland, hortipastoral system, improved grassland and 

fodder trees based si\vipastoral system was recorded as 20.23, 21.28, 21.18 and 22.13 

kg/ha, respectively . 

.. t2.3 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 

kglha, respectively. The highest available potassium ~ontent (283.33 kg/ha) was 

recorded for improved grassland, while, lowest (195.77 kglha) was recorded for natural 

grassland. 

4A.4 Organic carhon(%) 

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 ill 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/cml) 

It was evident from the data that highest bulk density was recorded (1.47 glelll) 

In natural grassland, while, lowest 0.33 glcml) 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/cm), respectively. 
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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 to 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 1st and 2nd fortnight of July which can be related to onset of 

rainfall season in June which initiated the gemlination of constituent species. Among 

grasses, common species in all the systems were: Fesluca rllbra. Chrysopogoll mOll/allUS 

and PlIlliclIlII maximulII, while, Daclylis glomera/a which is an exotic grass anJ was 

inlrodu~ed in grasslands in 1992 was prescnt only in hortipastoral system, improved 

grassland and fodder trees based silvipastoral system. The number and types of species 

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 

systems. However, hortipastoral and improved grassland systems were more simi lair 

compared to other systems. Little variation in constituent species of some grassland of 

HP around 2360 m elevation have also been reported by Singh el 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 c~itical 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, thereafter, 

it decreased. Such variations in appearance of species in different systems may be 

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

In a plant community different species grow in association with each other. The 

interactions between plants and environment in an area ultimately gives definite structure 

to the community. Habitat characteristics also playa vital role in d.etermining the kind of 

community, that is why plant species varies from habitat to habitat. Thus, each species 

playa definite role and possess its structural and functional individualism in a community 

(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, \vith the onset of monsoon in June, sporadic gernlination and 

development of plants resulted iu 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, thcreafier, it declined uplo Octobcr in 

all the systems (Table 4, 5). This pattcrn of growth of hcrbage spccies clearly reveals 
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their dependence on rainfall pattern, as has been reported by Gill (1975), Bawa (1986), 

Gupta (1988), Singh and Yadava (1974) and Trivedi (1994) for monsoonal grasslands of 

India. Decline in these attributes after August may be due to the fact that the grasses 

proceeded towards senescence by October, thereby converting live tillers to dead ones. 

Similar results have been reported by Singh and Yadava (1974), Misra (1973), Singh 

(1975), Bawa (1986), Gupta (1988), Dass (1995), Guleria (1996), Rao (1998) and Dult 

(1999) for grasslands of India. The present study also revealed that th~ improved 

grassland showed highest total density and basal area of herbage than all other systems. It 

may be . attributed 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 IV > system V > system III> system I > system II. 

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 area. 

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 

significant relationship between these two attributes in all the systems. In n:ltural 

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

as: 

\ ! 

BA = 21.38 + 0.10 density, R2=.O.63 
(21.13) (0.028) 
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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, R2=0.68 
(15.14) (0.026) 

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

density with a relation as: 

-
BA = 5.42 + 0.12 density, R2 = 0.94 

(7.37) (0.011) 

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

density with a relation as: 

-
BA = -21.96 + 0.157 density, R2 = 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: 

-
SA = 15.47 + 0.11 density, R2 = 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 Anderson et al. (1969), 
~f-

Gupta el al. (1997), Guleria (1996), Dass (1995), Rao (1998) and Dutt-'(1999) 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 

Ooor and its decomposition rate along the season thereby affecting the growth oJ 

vegetation during different sampling tim~ 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 

struclUral variations of herbage thus highest values of these parameters were recorded in 

1 st fortnight of July in systems I and II, whereas, these parameters increased gradually to 
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achieve highest values in August in systems III to IV. Analysing this difference among 

the five systems it seems that Daclylis glomerata being one of the dominant species in 

systems III 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 III to V showed different trend from systems 1 and II. where this 

species was absent. 

In systems I and II, Fesluca rubra, Panicum maximum and Chrysopogoll 

mOlltamjs. while, in systems III. IV and V Festuca rubra, Chrysopogon mon/anus and 

Dm:lylis glomera/a contributed substantial1y to the density and nasal area 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 el al. (1988), Sajwan el al. 

(1980). Singh e/ 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, 1) in different systems 

showed that there was irregular increase or decrease of these parameters in subsequent 

sampling intervals. In systems I and II, Festuca rubra, PalZicum maximum and 

Chrysopogolt mOil/anus, while in systems III, IV and V, Dactylis glomera/a. Festuca 

rubru and Chrysopogolt mOlliallUS showed their dominance over other species. Hence, 

system I and II can be identified as Festuca - Chrysopogon • Panicum type, and systems 

III, IV and V can be designated as Festuca • Dactylis - ChlySOpOgoll type. The 

dominance of one or two species in community can be attributed to their better 

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 Shankamarayan (1973), Dass (1995), Gulcria (1996), Dalai (1997), Rao (1998) in 

their studies on grasslands of India. The equal dominance of more number of species in 

particular community leads to the low species diversity. Higher values of Shalmon's 

index indicates a low concentration of dominance. Higher diversity reduces the 

oscillations and incrense the stability of the community (Margalef, 1968; Salmi and 
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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 decreased, when F. rubra. C. 

mal/tal/US, Pallicum maximum and D. glomerala showed their superiority over othcr 

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 1 st 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 q/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 availability 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 up to 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 el a/. (1970), Singh and Joshi (1979), Trivedi (1994), Dass (1995), Gulcria 

( 1996), Dalai (1997), Rao (1998) and Dutt (1999) for monsoonal grasslands 0 f India. 

The appreciable low aboveground biomass of herbage jn 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 el aI., 1980~ Ramakrishna, 1984; Hazra and Patil, 

1986~ Chaturvcdi eJ al., 1988 and Sharma and Dhiman, 1994). Al1elopalhy unu 

interference of needle biomass to grass species under pine trees have also been advocated 

by Dass (1995). Higher aboveground biomass of herbage in systems Ill, IV and V as 

compared t<? system I and II can be ascribed to different management of systems. In 

systems III to V Dactylis g/omerala played significant role in structural parameters and 

also showed better production potential as compared to indigenous grasses may have 

resulted in better biomass pr()duction 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 Chrysopogoll 

mOil/anus were major contributors to the total aboveground biomass in systems I and II, 

while Festuca rllbra, Chrysopogoll mOlltallus and Dactylis g/omerala 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 incr~ased 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 t>ased silvipastoral system, hortipastoral system, improved 

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

belowground biomass from July to August was due to profuse growth and development 
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of different species. Thus, continuous decrease in belowground biomass afier 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 ot 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 IV > system III > system I > system 

II. 

5.3 NUTRlENT CONTENT OF HERBAGE 

During the study period the average nitrogen content of aboveground biomass 

ranged from 0.74 to 0.97 per cent in natural grassland,O.9S 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), Shanna (1988), Dass 

(1995), Guleria (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 

maximum 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; 

Venna, 1989; Guleria, 1996; Dalai, 1997; Rao, 1998. The reasons for higher nitrogen 

content during peak vegetative growth in rainy season can be ascribed to the higher 

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 el al., 1977 and Jones and Woodmansee. 1979). 

The below ground biomass showed the highest nitrogen per cent in 1 st andlor 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 to the upt~ke rate of 

niirogen by piants and its continuous translocation to shoots during the growing period 

(McGill el aI., 1981). Such variations have also been reported by Dillore and Mall, 1976~ 

Aggarwal el 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 different 

, 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 silvip'astoral system, 0.07 to 

0.11 % in hortipastoral system, 0.07 to 0.l2% 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 phosphorus (%) of the vegetation increased from 

July with the onset of growing season and the peak values were recorded in 1st andlor 

2nd fortnight of September in different species. The increase in phosphorus (%) in 

grasses along the growing season has been reported by Cole el al. (1977), Bawa (1986), 

Gupta (1988), Guleria (1996) and Dalai (1997). Maximum phosphorus content at pre­

bloom state of grasses has also been observed by Joshi and Gupta (1984) ano Shanlla 

(1991), whi Ie, Venna (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 Dull (1999). 
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The phosphorus (%) 10 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 di fferences in 

phosphorus (%) -in above ground and below ground biomass of a species in different sites 

as recorded in present study may be due to the differences 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 pine based silvipasloral system, 0.70 to 1.30% in 

honipastoral 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 reported by Blaser and 

Kimbrought (1968). 

The potassium (%) in bclowground biomass was less as compared to its 

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), Shanna (1988), Guleria (1996), Dalai (1997) and 

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

Cakium content in aboveground biomass registered a decreasing trend along the 

growing season almost in all the systems (Table 15). The average calcium content varied 

84 



from 0.86 to 1.68% in natural grassland, 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 di rrerent systems. Our results fall within the range 

of calcium (%) in grasses observed by Bawa (1986), Kapoor (1987), Gupta (19HH), 

Guleria (1996) and Dalai (1997) for the grasslands of Himachal Pradesh. A continuous 

decline in calcium (%) with the growth of vegetation 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 magnesium (%) of aboveground biomass of 

vegetation in di fferent 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 to 0.57% in improved grassland and 0.36 to 0.50% in fodder trees based 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 

resu Its reported by Shanlla (1988), Guleria (1996) and Dalai (1997) for grasslands of 

Himachal Pradesh. A gradual increase in magnesium (%) in aboveground biomass of 

grasses was n'oticed 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 an line with the results 

reported by-Shanna (1988), Gulcria (1996) and Dalai (1997). 

5.4 PHYSICO~CHEMICAL PROPERTIES OF SOIL 

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

with increase in organic carbon content. Thus, revealing that increase in nitrogen content 

8S 



is closely related to organic matter content as reported by Kaushal (1992. The highest 

nitrogen content (485.79 kglha) was recorded for the soil of fodder tree based 

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

like Robinia pseudocacia, Acacia l1lollissima present in the site and high organic matter 

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

organic matter with available nitrogen has been reported by Kaushal () 992). The 

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

volatilization and leaching losses as contended by Mazumdar (] 988). 

The overall organic carbon per cent in different systems was in medium range. 

The highest organic carbon per cent was recorded for fodder tree based silvipastoral 

system. It may be due to the accumulation of leaf litter on the surface of site. Organic 

carbon of medium range have also been reported by Minhas (1986); Mazumdar (1988); 

Shanna (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 to the presence of illite type of 

mineral 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 Himachal Pradesh. 

The possible region for low bulk density in present sites can be related to low organic 

matter as contended by Kaushal (1992). 

86 



SUMMARY & CONClUSION 



e~-6 

SUMMARY AND CONCLUSION 

In order to fulfill the objectives of the present study "Floristic and productivity 

variations among 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 heads: 

6.1 FLORISTIC COMPOSITION AND PHYTOSOCIOLOGY OF HERBAGE 

A scrutiny of floristic composition showed that in all, there were nme 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 

1 st and 2nd fortnight of July. Among grasses, the common species in all the systems were 

Fesillca rubra. Chrysopogoll mOil/GIlliS, Pailiclll1l maximum. Dactylis glomera/a 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 area of 

vegetation in all the systems decreased from July to October. 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, Fes/uca rubra, Palliclim maximum and Chrysopogoll 

J1l01lIW1US were major contributors to the total density and basal area in system I and II, 

while Fes/llca rubra. C/zrysopogoll mOlltallus and Dactylis glomera/a were major 

contribu,tor to total density and basal area in system III, IV and V. According to the 

values of IVI of different species, systems I and II can be designated as FeSlllca -

Palliclll1l _ Chrysopogoll type of community, system III and IV can be designated as 

FeSllica _ Chrysopogoll - Daclylis. system V can be designated as Fesluca - Oplismelllls -



Dac(vlis type community. There \vas not much variations in average values of species 

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

6.2 PRODUCTIVITY OF HERBAGE 

During the study period the total aboveground and belowground biomass of 

herbage vegetation increased from July to September and thereafter, it decreased till 

October in all the systems. The biomass production was highest in system IV, while 

lowest was recorded in system II. 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, Fes/uca rubra. Panicum maximum and 

CllI)'SOpOgoll mOlllallUS were major contributors to the total biomass production in 

system 1 and 11, while, Festuca rubra. Dactylis g/omerala and Chrysopogoll mOIl/aIlUS 

were major contributors to total biomass production in systems III, IV and V. In general 

the total biomass production in different systems can be rated as : system IV > system V 

> system III > system I > system II. 

6.3 NUTRIENT CONTENTS OF HERRAGE 

In the present study, the herbage was analysed for N, P, K, Ca and Mg. The N, P 

and K contents of herbage increased from July to August/September, thereafter it 

decreased till October end. The ea 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, ea and Mg) than their belowground 

counterparts in all the systems on different sampling dates. 

6.4 PH YSICO-CIIEMICAL PROIJERTIES 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 di fferent 

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 

1. It is evident that in monsoonal climate the grassland vegetation starts its 

germination and growth as the pre-monsoon showers are received in June. 

Various structural parameters of vegetation like, floristic composition, herbage 

diversity, density and basal area are regulated in accordance with the rainfall 

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

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

thereafter. there is decline in values of these parameters. 

3. 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. Pillus wallichialla adversely effects the herbage diversity. 

4. On the basis of IVI values of species grasslands of systems I and II can be 

recognized as Fes/Uca - C/zrysopogoll - Palliclim type and similarly grasslands of 

system III to V can be designated as Fesluca - Daclylis - Chrysopogoll type. 

5. Aboveground biomass follows the increasing trend with the advent of rainfall in 

June and achieves peak biomass in late August/early September comparing the 

fi ve 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 I > 
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system II. Pilllls lVallicliiallQ adversely affects the biomass production of 

understorcy vegetation. 

6. Daclylis glomeralQ has higher biomass production potentia] and thus resulted in 

high aboveground biomass in systems III to V. 

7 . Nutrient contents of vegetation (N. P and K) of grasses increase with the growth 

of vegetation and achieves peak value at peak vegetative growth III 

August/September. Calcium decreases with growth of grasses. Magncsiulll IS 

highest at post-hloom stage. 

S. Nitrogen fixing trees in grasslands increase soil nitrogen and thereby biomass 

production too. 
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APPENDICES 



AI)IH:ndix I. Rcla'h'" dCtlsit,' uf difft'rent grass species in s.\'sl('ltIs J (natural grasslalH:} • . 1I (pine based sih'ipash.nll s)'stem). III (llCIrti-pastoral system). IV 
(improved grasshllld). \' (fudder trees hased sih'il)aS,orOlI s),stem) during Ihe silldy period at different saml)ling internls 

J II L Y A lJ (j II S T 

Species 
15t Fonnight 2nd fortnight lSI Fonnight 2nd Fortnishl 

System System Sysl~m System 
I II /II IV V \I \1\ IV V II III IV V " /II IV V 

J/C'It.'ropogon con/onus 15 .81 28.49 4 .99 35.07 3585 17 .~3 

Thcnrt>iln frinnilra 6.84 86\ 3.46 

F ('SlItCn rubra 24.50 35.59 20.72 26.63 16.53 25 .72 40 .4\ 35.28 49 .20 32. \5 62 .75 49.02 25.66 42.46 29.79 47 .26 54.42 37. 14 40.40 29.041 

Pnnicunr nrtu;nlunr 16.73 6.99 7 .12 13.52 30.93 25. 17 4 .61 14.56 12.66 12.50 9.22 9.32 14.20 17.89 15.92 30.56 

8ronIlIS int>rmis 7.31 20.15 23 .27 

Op/ismenus composilw 9.60 25.40 2 .59 14.50 

C/Ir)'sopogon mon'onus 14.80 23.47 1685 10.36 8.59 21.42 31.10 18.43 14 .44 36.52 20.86 35.79 16.28 19.84 31.45 34.81 29.28 22.77 22.02 23.47 

lIemnnhrin prolensQ 11 .25 5.46 19.22 5.63 

Dncry/is g/omerQIO 31.10 8 .79 \3.63 19.42 13.09 16.83 32.86 30. 11 29.55 19.73 40.02 16.66 

Miscellaneous 2.60 1.71 3.32 2. /1 1.83 2.53 0 .75 2.10 2.47 4.\8 

S E- PTE M B E- R 
- -----

OCT 0 B E R 
Species 15t Fortnight 2nd FOftrIight 1st Fortnight 2nd Fortnight 

System System System System 
11 m IV V 1I III IV V \I HI IV V l\ III lV V 

He/eropogon con/onus 15.36 11.16 4 .39 

Tlremedn rrionilrQ 23.55 27.77 11 .24 6 .13 6.41 21 .58 28.89 

FesluCQ rubro 17.73 54.24 46.>1 46.89 4\.95 41.29 70.92 60.48 67.50 48.56 47.30 87.42 56.58 48.67 18.13 35.30 47.50 18.99 22.69 JI.IO 

Pnnicum maximum 43.36 10.03 6.48 42.04 10.71 15.12 

Bromus inerm;s 5.64 

Oplismenus compos;,us 9.79 29.37 8 .75 6.74 25.59 18.57 2.$. 11 

Chr)'sopogon mOnfQnW 10.54 11.06 16.00 22.14 31.42 47 .74 32.78 31 .48 24.26 

Hem(lr,hrio prorensa 11 .79 

Dactylis glomernfn 47 .18 20.92 28.68 25.13 19.35 25.85 21 .28 39.54 63 .30 48.23 45.83 20.53 

Miscellaneous 7.96 7.51 12.58 4.76 



Appcndix II. Rel:lth'c basal :ArCa of different ~r .. ss SI)ccics in s~'stcms I (nalural grassland). II (pine bascd sih'jpasCoral syslem). III (hor.j-pasloral syslem~, IV 
(impro\'ed grassland). V (fodder fret'S hucd sil\'ipastoral system) during the sCudy pcriod al different sampling intervals 

J U L Y AUGUST 

Species 
I sl Fortnight 2nd Fortnight 1 sl rortnight 2nd Fortnighl 

System System System SyslCnl 
II III IV V II III IV V II III IV V II III IV V 

IIclcropogon COnlOnu! 15.93 24.77 8.40 3.39 24.50 1862 

Themedn trinndra 19.92 20.52 10.23 

Fesl"ca rvbrn 21 .18 28.26 20.37 21 .24 16.92 23 .78 38.84 29.56 39.44 30.53 53.37 49.56 30.16 34.27 33.13 36.81 49.55 )0.81 31 .05 26.99 

PoniCllm mnximu", 17. 14 \6.74 10.10 15.27 25.91 31 .00 9.92 16.79 16.82 20.45 16.10 15.62 23.68 20.79 17.35 29.91 

Bromus ;nermis 10.87 21 .65 25.56 

Oplismenus composilUS 9.76 20.11 3.95 17.27 

Clrrysopogon mOfllanus 15.05 20.83 16.29 10.82 19.44 26.41 27.84 11.47 11.97 31.79 26.21 30.93 20.15 21 .().l 26.09 26.99 25.01 26.15 24.35 25.64 

Hcmnrlhria prolensa 10m 8.06 18.45 9.13 

Dactyli! glomertlttl 26.39 13.15 11.03 19.98 17.23 20.41 29.24 23.6-' 24.68 20.05 14.34 \7.46 

M iscellancous 1.34 1.33 2.02 1.42 1.63 2.69 1.13 1.76 2.14 2.68 

SEPTEMBER - - - 0 C T-O B E R 

Species 1 sl Fortnight 2nd Fortnight 1st Fortnight 2nd Fortrltght 
System System System System 

II III IV V II III IV V 11 III IV V II III IV V 
Heleropogon COnlonus 16.19 11 .26 11.06 

Themedn IriandrQ 21.11 22.33 11 .59 16.24 18.02 18.18 24.02 

Fesluctl rvbra 36.52 46.71 24.03 44.51 46.22 39.46 60.38 53.83 51.90 47.76 46.61 78.63 55.98 50.96 21.34 31.13 45.40 22. 11 24.16 30.61 

Pnn;Cllm mn:cimum 25.58 19.27 12.26 34.28 20.94 21.11 

Bromus inermis 10.33 

Oplismenus co"'positus 10.18 27.08 10.36 8.67 23.52 19.76 24.29 

Clrrysopogofl ,"Ollfanus 10.02 9.45 16.10 22.14 33.79 42.48 37.37 36.30 23.96 

Hemor/lrria prolensa 16.10 

Dacrylis glomera/a 39.51 22.46 26.70 24.48 21 .41 28.12 21.88 32 .1).1 58.90 40.52 39.54 21.14 

M iscellaneoos 11 .69 9.23 21.37 13.12 



Appendix III. 1~c1ali\'~ fr('qll('nC)' of different grass species in sysh'ms I (natllr:ll gnsshnd). II (pine hased sil\'il)astoral s~·sCcm). III (horci-pasCor:l1 system). IV 
(impro\'ed grassland). V (fodder trees based sih'ipascoral system) during IIle sCudy period aC different sampling inten'als 

J U L Y A lJ (j U S T 

Spc:~ics . I st Fortnight 2nd Fortnight I SI Fortnight 2nd Fortnight 

S:1s\\:m Sys\cm Sys\cm Sys\cm 
II III IV V \I III IV V II III IV V II III IV V 

lI~f('ropogoll confortus 21 .43 23.53 14.29 28.57 21.43 14.29 

Th('metia triaNira 14.29 18.18 12.5Q 

Fesluca ""bra 28.57 17.65 21 .43 14.28 28.58 33.33 21.08 28.58 29.41 41.67 44.44 33.33 35.71 35.71 36.J1 27.27 45.45 31 .25 35.71 

Pan icum Ift4.X i mum 14.29 17.65 7.\4 21 .43 35.71 25.00 7.70 16.67 22.22 11.11 14.29 18.18 36.36 9.09 18.75 21.43 

Bromus illennis 7.14 7.70 21 .43 

Oplismeflus composilus 14.28 21.43 7.14 \7 .65 

ChrysopogOll IfIOntanll:; 7.14 11.76 14.29 7.14 21 .43 14.29 25.00 21.08 28.58 29.41 25.00 11.11 22.22 14.29 28.58 27.27 18.18 18.18 12.50 21 .43 

HemarthriQ protellsa 7.14 11.76 21 .43 14.29 

Doctylis glo",erolQ 21 .42 7.14 21.43 21.08 21 .41 23.53 33.34 28.51 33.34 36.37 12.50 21 .43 

Miscellaneous 17.65 14.29 16.67 7.69 16.66 22.22 7.14 18.19 9.09 12.5Q 

SEPTEMBE'R OCT 0 B E R 

Species 15t Fortnight 2nd Fortnight 1 st Fortnight 2nd Fortnight 
System System System System 

II III IV V II 111 IV V II III IV V II 111 IV V 

HeleropogOll conlortus 20.00 7.69 8.33 

ThemeJQ lrulIuJra 26.67 25.00 15.38 14.29 16.67 33.33 33.33 

FeslUCQ ndJra 20.00 33.33 41.67 30.77 35.71 35.71 50.00 38.46 41.67 33.33 33.33 50.00 45.45 \2.50 \0.00 33.34 25.00 45.45 20.00 20.00 

P Qflic:u 1ft ffIIlrimum 33.33 8.33 16.66 35.71 20.00 16.67 

Bromus inenlllis 15.39 

Oplismenus COlftfJOSifUS 15.38 28.58 7.69 8.33 33.33 40.00 26.66 

ChrysOpogolllflOnfonus 14.29 20.00 16.67 9.10 25.00 50.00 9.10 30.00 26.66 

Hemanhria proteflSQ 
25.00 

Dactylis g{oMQola 41.67 30.78 35.71 38.46 33.33 33.34 45.45 62.50 50.00 26.68 

Miscellaneous 3l.34 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, 
M~,sh(lbra. In all five different systems viz., natural grassland, pine basco silvipastoral system, hortipastoral system, 
improved grassland and fodelcr trees based silvipastoral system. were selected and compared for their floristic and 
productivity 'variations during study period. The floristic composition showed that in all there were nine grass 
spe~ies, one fcrn and two non-legumes. TIlere were higher number of species in I ~I and 2nd fortnight of July. Density 
and bnsal nfea of vegetation in nil the systems decreased from July to October. Total density and basal area of 
di rrCI'Cnt species was higher in natural grassland and improved grassland. Among grasses, the common species in all 
lhe systems were Fesfllca I'lIbr{/, Clrrysopogoll m01lf(lfIllS and P(lIIieum mw:imrllll. Dactylis g/omerala was present 
only in hortipastoral system, improved grassland and fodder trees based silvipastoral system. Accoding to the values 
or Ivr of difterent species, systems I and II can he designated as Festllea - PUllicum - Chl)'SOpogoll type. system II r 
':Jlld lV can be designated as Fes/llca - Chrysopogoll - Dacrylis type and system V can be designated as Fes/llea -
Oplismelllls - 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 to September and thereafter, it decreased till October in ail the systems. In 
general total aboveground biomass production in different systems can be graded as : system IV > system V > 
system III > system I > system II. The N,P and K contents of herbage in these systems increased from July to 
August/September, 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 mcdium category. 1l1crc was not much variations in organic carbon content and bulk density of different 
systems. 
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