
STUDIES ON STAND PARAMETERS AND NATURAL 
REGENERATION STATUS OF SILVER FIR AND 

SPRUCE IN HIMACHAL PRADESH 

Thesis 

69 

Yashpal Sharma 

Su6mi ttea in FrtialJu!fi{ men t 0/ tlie requiremen t$ 
for tlieiJepree 0/ 

MASTER OF SCIENCE 
, 
tn 

FORESTRY 
(SILVICUL lURE) 

COLLEGE OF FORESTRY 
Dr Yashwant Singh Parmar University 
of Horticulture and Forestry, Nauni, 

Solan - 1,73 230 (H.P.), INDIA 
2006 



f , 
1 

I 
( 

l.Jt, Y .S· ~~?r:".i) \..Jrl'v.~rsrtv of 
d.arf·'· ~WIJl1t ~ f\)ft"str, 

. :,HI" j 732 J(l 

A , .. • . ~G7~3 

~k - /.1 .". fJ 6 

f !:"~" - " S'/v'c~ 
~ I;-;i! .• ,,:-' I '1 .. 1( • .. _ 

i h~siD'I~ b;~ ·~· · k«t h-.. ~< . 
.:~~-.... .........,.....",,'~- -~"".~---- . ~ ..... ~ 



Dr. N.K. Gupta 
(Assoc. Professor) 

Department of Silviculture and Agroforestry 
College of Forestry 
Dr. Y.S. Parmar Unh·ersity of Horticulture 
and Forestry, Nauni-Solan - 173230 (H.P.) 

CERTIFICATE -I 

This is to certify that the thesis entitled "Studies on stand parameters and 

natural regeneration status of silver fir and spruce in Himachal Pradesh" 

submitted in partial fulfillment of the requirement for the award of degree of 

MASTER OF SCIENCE in FORESTRY (SILVICULTURE) to Dr. Y.S. Pannar 

University of Horticulture and Forestry, Nauni-Solan (H.P.) is a bonafide research 

work carried out by Mr. Yasbpal Sbarma (F-1003-11-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 investigation have been 

fully acknowledged. 

Place : Nauni, Solan 
Dated: 24tb January, 2006 

(Dr. N. upta) 
Chairman 

Advisory committee 



CERTIFICATE -0 

This is to certify that the thesis entitled "Studies on stand parameters and 

natural regeneration status of silver fir and spruce in Himachal Pradesh", 

Submitted by Mr. Yashpal Sharma (F-2003-12-M) to Dr. Y.S. Parmar University of 

Horticulture and Forestry, Nauni-Solan (H.P.), in partial fulfillment of the 

requirement for the award of degree of MASTER OF SCIENCE in FORESTRY 

(SIL VICUL TURE) has been approved by the Students Advisory Committee after an 

oral examination on the same in collaboration with the external examiner. 

~1!/~ 
Deans 
~~~ 

(Dr. N. GU'pta) 
Chairman 

Advisory com mittee 

~. 
~~-~""--t~~ 
(Dr. P.S Chuhan) 

External Examinar 

Members, Advisory Committee 

~l06 
------~'V~)./~' 6tc,. -------

(Dr. G.S. Shamet) 
(Co-opted in place of 
Dr. V.K. Mishra) 

(Dr. Vidya Tbakur) 

(Dr. S.D. Bhardwa 

(Dr. D. Tripatbi) 

Professor and Head 
Department of Silviculture and Agroforestry 



CERTIFICATE -III 

This is to certify that all the mistakes and errors pointed out by the external 

examiner have been incorporated in the thesis entitled, "Studies on stand 

parameters and natural regeneration status of silver fir and spruce in Himachal 

Pradesh" submitted to Dr. Y.S. Parmar University of Horticulture and Forestry, 

Nauni-Solan (H.P.) by Mr. Yashpal Sharma (F-2003-12-M) in partial fulfillment of 

the requirements for the award of degree of MASTER OF SCIENCE in 

FORESTRY (SILVICULTURE). 

(Dr. N.K. upta) 
Chairman, Advisory committee 

(Dr. S.D. bardwaj) 
Professor and Head 

Department of Silviculture and Agroforestry 
Dr. Y.S. Parmar UHF, Nauni-Solan (H.P.) 



With limitless humility, I am deeply indebted to Devta Bondhra for patience, 
perseverance and industry, which were bestowed on my body and soul to cross, important 
milestone of academic career. No doubt, that these blesSings were manifested in form of love, 
affection and finance provided to me by my parents and brothers who made endless sacrifices 
to see this dream turn into reality. 

It is my proud privilege to express my deep sense of gratitude to my mentor, erudite 
and elite guide, Dr. N.K Gupta, Associate professor, Department of Silviculture and 
Agroforestry, College of Forestry Nauni, Solan, whose propitious guidance, personal 
affection, amide behavior, andfriendly nature made this task possible. 

I greatfully acknowledge the help rendered by the members of my advisory committee 
Dr. VK Mishra, Professor and Head Department of Silviculture and Agroforestry, Dr. Vidya 
Thakur, Associate professor, Department of Tree Improvement and Genetic Resources, Dr 
Tripathi, Associate professor, Department of Soil Science and Watershed Management for 
their valuable suggestions, enthusiastic interest and constructive criticism during the course 
of investigation. 

lowe a deep sense of gratitude to Dr. N.S Chauhan, Dr. P.S Thakur, G.S Shamel 
Mr. M Prabhakar, Dr KS. Verma and Dr. R.K Nay tal for their for their constant 
encouragement and elderly parental care. 

I am conscious of my gratitude towards Forest department (Rohru and Theog Forest 
Division) for their cooperation during investigation; especially (staff) Kabir ji Pandiji, Kirpu 
ji, and Yoginderji. 

Every effort is mitigated by an ambition and all ambitions have inspirations behind I 
owe this pride place to my parents and my brothers Rajeev Sachin and Bunti whose self less 
persuasion and prayers have ever been a source of inspiration to me. 

I would like to owe my thanks to respected senior and friends Mr. Suman, Mr. 
Ashutosh, Mr. Ani/, Mr. Dharma, Mr. Narinder, Mr. Sameer, Mr. Minz Mr. Marpa, Mr. 
Rashid Mohit, Vishal, Vipin, Devinder, Yoginder, Dinesh, Dinanoth, Priyanka, PreeN, Rakhi, 
Raj Deepika, Sayed, Ubed, Monty, Sanjay, Arun, Deepak, Rominder, Jangveer Rajinder, 
Pyrae, Rupesh and nearer and dearer for their personal intrest and moral support through 
out the course of investigation. 

My Heartiest Thanks are due to a/1 office bearers and herbarium section especially 
J.K Sharma, Padamji, Sohan lalp, and Dharm Chandjifor their timely help. 

I Jeel short of words to express my sense of reverence to my cousins and all kind 
relatives Jor their ajfoction and encouragement. 

Needless to mention errors and omissions are mine. 

Nauni, So!an, 
Dated: Jan 24, 2006 

~"'~~ 
~ 

(Yashpal .. \'harma) 



CONTENTS 

CHAPTER TITLE PAGES 

1 INTRODUCTION 1 - 4 

2 REVIEW OF LITERATURE 5 - 22 

3 MATERIAL AND METHODS 23 - 31 

4 EXPERIMENTAL RESULTS 32-60 

5 DISCUSSION 61 -70 

6 SUMMARY AND CONCLUSION 71-76 

7 REFERANCES 77 - 83 

ABSTRACT 84 

APPENDICES I - II 



LIST OF TABLES 

Table Title 

1 Details of sample plots taken for study in ROMu and Theog forest 
division 

2 Floristic composition in Bashla at an elevation -~100-2400 m 

3 Floristic composition in Bashla at an elevation -2400-2700 m 

4 Floristic composition in Bashla at an elevation -2700 -3000 m 

5 Floristic composition in at J ubbal an elevation 2100-2400 m PB-I 

6 Floristic composition in at Iubbal an elevation-2400-2700 m PB-I 

7 Floristic composition in at Iubbal an elevation -2700-3000 m PB-I 

8 Floristic composition in at lubbal an elevation -2100-2400 m PB-U 

9 Floristic composition in at lubbal an elevation -2400-2700 m PB-U 

10 Floristic composition in at lubbal an elevation -2700-3000 m PB-U 

II Floristic composition in at Kotkhai an elevation 2100-2400 m PB-I 

12 Floristic composition in at Kotkhai an elevation -2400-2700 m PB-l 

l3 Floristic composition in at Kotkhai an elevation -2700-3000 m PB-l 

14 Floristic composition in at Kotkhai an elevation 2100-2400 m PB-U 

15 Floristic composition in at Kotkhai an elevation 2400-2700 m PB-U 

16 Floristic composition in at Kotkhai an elevation 2700-3000 m PB-U 

17 Similarity index for trees, shrubs and herbs between different 
elevations in Rohru 

18 Similarity index for trees, shrubs and herbs between different 
elevations in lubbal 

19 Similarity index for trees, shrubs and herbs between different 
elevations in Kotkhai 

20 Shannon diversity index (H) value for different component in 
Bashla forest range at different elevations classes 

21 Shannon diversity index (H) value for different component in 
lubbal forest range at different elevations classes 

22 Shannon diversity index (H) value for different component in 
Kotkhai forest range at different elevations classes 

23 Class-wise average diameter effect on basal area, total standing 
volume, crown width and crown area in Bashla at different 
elevation 

24 Class-wise average diameter effect on basal area, total standing 
volume, crown width and crown area of fir and spruce in lubbal at 
different elevation in PB-l 

Pagel 
Between 

Pages 
24 

33-34 

33-34 

33-34 

35-36 

35-36 

35-36 

37-38 

37-38 

37-38 

37-38 

39-40 

39-40 

39-40 

39-40 

41-42 

41-42 

41-42 

41-42 

43-44 

43-44 

43-44 

43-44 

43-44 



. . .. . - ~.-;. =-- .. __ ._-_. ,. - .:. 

T .. hlr 

- .. 2~ =-"-(:fn"~M-.w-i;ChVc-t-niic -dll1tt10l0f ofTot.t ';'1 """itf"tgn. '0.,,1 ~'''fH1111~ 
VOlllfllO, "WWII wictlh nud I.:fUWI1 tin", III' I1t n'HI ~VHl(fg IN luhlml,,' 
clifhmltlt ohwnliult itt I'IH I 

" .. ",/ 
flr'wrN. 

"
l1l f

• . . " 4' ·,4(1 

2(, Clm"l-wi." I1ve,ngo dll1fJ1glc, "rro~t fill hl1!jnl nten, I',,'nl ~tnIH11"1! 47=1H 
vnhtlltc, t1fUWn w~t1th l1u,1 tfUWH tUOH ut rh ItH~1 "J)fU~g tH Kt,.khnl n~ 
,lifl'o,olll oh::vl1l1ol1" hI I'B· I 

27 Clnu-wllj" nvctl1gc dinttlo'c, clfc:t. Uti hnj:jnl n,tn l futnl ~'nmjlt11! 1i=4~ 
vulumo. troWtl widttl nlld ~"'Wtl ,,,," "r" 11, nml /:if."lIt.G Itl K/,.U,n' lit 
tiif1'c:n",,1 c!cvnUv,.,. I" J'U ~ \J 

2H nrr"" flf fotclj' cnudlllHI1 HH .he: ,cg':Nf;tn,hm nt dlffgfttl' t'gvl1t'fm~ 47:4~ 
in Un""'11 fmc., rn"gc 

21) tU"e~1 of rme~j( cflt1dit,olt (m (hc: tcgclttfu,ion Itt dtrttf~t ef~bt'oo~ 4i:4~ 
in Jullh,.1 

3(J IUre't ur r,ne,,' tundh'"n on the: ,cgtm:ta.I'OO "' d,flgfgnt e'~IIt;oo§ 414~ 
'11 Kntkhl1i 

31 ftcI&cnetltl'un IHutu~ or fl" nnd S"f~g rM~§t$$ ,n ~/JhfU *' (fifftf~ "42 
elevation. 

32 RClcncruliun .Iutu. or p" and S",uu fmi§U in J.",,,,I It d,'kf~ §'42 
elevation. undcr va·, 

33 Regeneration .tatUl or Fi, and S",uu tMUU ,n Jubbal It ~tkf_ §.~ 

elevation. undcf va· U (unaU0tU4, 

34. Regenerat,on .tatUl of Fi, and S","" fotefU ,n ~ at 4itf~_ 
elcvationA under PB-l 

35 Regeneration .tatus of Fir and Spruu toretU in ~ " mtra_ 
cJevatioM under PB .. U (cmallott.edJ 

36 Regeneration establishment and~ ... dau (or dltftrtlll"'~ '-J..§4 
.pecies in Fir and Spt'UU forem in 8atbb 

37 Regeneration E.tablishment and ItOCQq data kK cfitru~ U-~ ~~ 
species in Fir and Spruce (orests in Jabbal ia PB-I 

38 Regeneration Establishmem and JtodJag daIa f« diffu~ C-~ ~% 
species in Fir and Spruu (oreftJ in Jabbal .. PB-t: 

39 Regeneration Establishm.em and ~ diu f« ddUn:m !!ref ~~1\ 
species in Fir and Spruu forests m KDdUi .. PB-! 

40 Regeneration Establi5b..mem and Itocbar dlu f« ~ ~ ~f1 
species in Fir and Spruce fCX'eSll ill ~ _ fB.-'L"" 



LIST OF FIGURES 

Table Title Between 
Pages 

1 Map showing study area (Bashla, Jubbal and Kotkhai Forest Ranges) 24-25 

2 Percentage solar radiation(%) & Crown projection ratio w.r.t. 70-71 
Elevation change (Bashla forest Range) 

3 Percentage solar radiation & Crown projection ratio w.r.t. elevation 70-71 
change (Jubbal forest range) 

4 Percentage solar radiation and Crown projection ratio w.r.t. 70-71 
Elevation change (Kotkhai) 

LIST OF PLATES 

Table Title 

I Fir and spruce forest in Bashla forest range (Rohru), showing 
presence of Picea smithiana at highest elevation. 

2 Fir and spruce forest in Bashla forest range showing higher 
presence and broader crowns of Abies pindrow at lower elevation 

3 Fir and spruce forest in Jubbal forest range (Rohru Forest Division) 

4 Fir and spruce stand in Kotkhai forest range showing low density 

5 Fir and spruce forest in Kotkhai forest range (Tbeog Forest 
Division) 

6 Fir and spruce stand in Kotkhai forest range showing different 
size class trees in the area. 

Between 
Pages 
24·25 

24·25 

24-25 

24-25 

24-25 

24-25 





Chapter - I 

INTRODUCTION 

The demand for forest resources is increasing day by day, to fulfill the 

requirement of ever increasing population throughout the world. Extensive 

denudation of the forests in past has reduced the vegetation cover of Himalayan 

watersheds significantly. Urbanization and increase in cattle population has exerted 

a tremendous pressure on forest causing their shrinkage at much faster rate. In the 

absence of any land-use regulations has imposed further constraints in the soil and 

water conservation programmes in ecologically crucial and sensitive hilly areas of 

the State (Anonymous, 2002). To carryout suitable management programmes for 

these degrading forest, the knowledge of population structure and regeneration 

potential of different tree species is of utmost importance (Adhikari, 1996) . 

. Himachal Pradesh has a total geographical area of 55,673 Km2
, with 3.54 

million ha. recorded forest area, which constitutes 63.60% of total geographical area. 

However, the actual forest cover of the state based on the satellite data of Oct.-Dec., 

1998 figures to 13,082 Sq. Krn, which constitute 23.50% of geographical area 

(Anonymous, 2002). 

Silver fir (Abies pindrow) and spruce (Picea smithiana) commonly referred 

as high level conifers, cover extensive areas in north-west Himalayan states of 

Himachal Pradesh, Jammu and Kashmir and Uttrancha1. They occupy 31,% of total 

area under coniferous forests and account for 49% of the total growing stock in these 

states. Together these species cover 15640 ha. in Himachal Pradesh (Balu, 2000). 

These' forests are very valuable resource as they play an important role in improving 

the economy of these states, and help soil and water conservation in catchment areas 
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of major rivers (Kumar et al.. 2002). These species extend throughout the western 

Himalaya from Afghanistan to Nepal chiefly from 7,000 ft to 12,000 ft, but 

sometimes descend and are found in cool ravines. Pure stands of silver fir and spruce 

are rare (Troup, 1921), usually associated with scattered trees of Cedrus deodara, 

Pinus wallichiana, Quercus dilalala, Q. semicarpi/olia and Taxus baccala (Singh et 

aI., 1987). 

In mountainous region marked variation in site factors and vegetation occur 

due to change in aspect. The greatest difference in microclimate exists between 

north and south facing slopes (Smith, 1977). Aspect has considerable influence on 

the altitudinal distribution and growth of the species present. Most tree species reach 

their lower limits on north facing slope and highest on south facing. Deodar and 

Kharsu oak are however, mainly on the south faces in most of their altitudinal range 

while fir and spruce are particularly associated on north faces (Singh, 1998). 

Himachal has a wide range of altitudes, temperature, precipitation and topography 

which results in a diversified and rich forest flora varying from northern tropical dry 

deciduous forests to alpine pastures. The vegetational growth efficiency of the 

region depends upon the type. quantity and stratification of vegetation. Therefore, to 

conduct any study on ecology of th~se areas, a quantitative evaluation of its 

vegetation becomes a prerequisite. 

Successful establishment of crop by natural regeneration follows a series of 

events that are often difficult for a forester to control. While the number and 
. " 

distribution of seed tree within a stand can be regulated by management. Detailed 

information about the fate of the seed following dispersal is scarce, thus it ,is difficult 

to decide whet steps are most critical for the success of regeneration and what 

management should be used to circumvent the problems (Harmer, 1995). 

Natural regeneration of fir has been a problem. These forests have been 

managed under various systems for helping natural regeneration. In selection 

2 
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system, lack of adequate light on forest floor, accumulation of thick layer of humus, 

dense weed growth, poor seed production and grazing are considered responsible for 

the absence of regeneration Shelterwood system was introduced in fir forests of 

Kullu and Seraj forest divisions of Himachal Pradesh but natural regeneration in 

these forests could not be helped (Dwivedi, 1993). 

Being situated at higher elevation in the interiors of the valleys and because 

of the less demand for fir and spruce these forests were not commercially exploited 

till the 1st World War, when the demand arose the exploitation of these forests get 

started. With this a need to evolve the techniques for regenerating these forests was 

felt. Many experiments and attempts were made towards regenerating these forests, 

which indicated that natural regeneration in these forests is very scanty and needed 

to be supplemented by artificial regeneration with proper manipulation of the canopy 

to admit light, was the only possibility (Singh and Singh, 1987a). These forests were 

managed under shelterwood system with fixed p.eriodic blocks in the past plans, the 

commercial felling has created permanent gaps resulting in irregular, understocked 

forests which were still deficient in regeneration. 

There is lot of biotic pressure on these forests by local population and the 

nomads. The main economy of these people in the mountain region revolves around 

keeping large herd of sheep, goats and cattle. Transitional movement of herds is still 

common phenomenon with the change in season. At the start of winter and spring, 

. forests and meadows along migration routes are open for nomadic grazers as well as 

local communities to graze cattle. To increase the fodder production, people set the 

forest and grazing ground on fire. This has resulted in loss of regeneration of fire 

sensitive climax and pre-climax species (Anonymous, 2004). 

The regeneration behavior of the species in a forest is determined by its 

population structure and characterized by the presence of sufficient number of 

seedlings, saplings and young trees, which indicate successful regeneration of the 

3 
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forest tree species. Much information on population structure of individual trees 

species is now available for low altitude central Himalayan forests (Saxena and 

Singh, 1985). 

Keeping in vIew the economIc and ecological importance along with 

regeneration problems of these species, the present investigation entitled "Studies on 

stand parameters and natural regeneration status of sil ver fir and spruce in Himachal 

Pradesh" was carried out with following objectives 

• To study stand characteristics of fir and spruce 

• To study the regeneration status of tir and spruce 

• To identify the site specific factors responsible for the regeneration of fir and 

spruce 

4 





Chapter - II 

REVIEW OF LITERATURE 

The regeneration potential of a species in the community can be assessed 

from its population structure (Auclair and Cottam, 1971). The absence of any land 

use regulation, urbanization and increase in cattle population has exerted tremendous 

pressure on forest in Himachal Pradesh, causing their shrinkage at faster rate. To 

carry out suitable management programmes for these degrading forests, the 

knowledge of population structure and regeneration potential of different tree 

species is of utmost importance (Sood and Bhatia, 1991). Hence the present 

investigation "Studies on stand parameters and natural regeneration status of silver 

fir and spruce in Himachal Pradesh", aims at future growth and performance, which 

has been reviewed in this chapter under following headings. 

2.1 Phytosociological study 

2.2 Stand characteristics 

2.3 Site factors 

2.4 Regeneration status 

2.1 PHYTOSOCIOWGICAL STUDY 

The floristic composition and phytosociology has long been of principal 

interest especially for 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 e.g. forest, 

agriculture, rangeland etc. It is difficult to give information on the floristic 

compositi.on, stratification and other vegetational characteristics as it varied 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). 
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The structure of the forest vegetation along an altitudinal gradient (2550-

3600 m) in the Valley of Flowers National Park was studied in Uttar Pradesh by 

Chandra et al. (1999). And they found that average tree density increased with the 

altitude, while the average basal area decreased with altitude. The low tree density 

(338 treeslha) and high basal area (49.76 m2/ha) in subalpine forest is attributed to 

high biotic interference and dominance of coniferous species. The indices of tree 

species diverSity and richness decreased with increasing altitude. In terms of shrub 

density, Prinsepia utilis and Rosa macrophylla were the dominant shrub species in 

Himalayan moist upper temperate forest, R macrophy/la and Aster peduncularis in 

sUbalpine forest, and A. peduncularis, Gaultheria rrichophyl/a and Ribes glaciale in 

subalpine birch forest. Sapling density was highest for Rhododendron arboreum. 

Taxus wallichiana and Syringa emodi in Himalayan moist upper temperate forest, 

subalpine forest, and subalpine birch forest respectively. 

Raj vanshi et a1. (1987) studied the herbaceous under growth on three sites in 

Nilgiris, for frequency, density, basal area and IVI. Out of 33 species on site-I, 7 

were grasses, 3 sedges, 3 ferns, 2 bryophytes and 18 are forbs. On site-II, 7 grasses, 

1 sedge, 1 fern, 1 moss and 20 forbs constituted the 30 species. The 14 species on 

site-III were constituted by 3 grasses, 1 bryophyte and 10 forbs, and they compared 

the similarity in species composition using similarity index, the site-I and site-II 

were with lowest similarity (11.1%), site-I and site-Ill were with 14.8 per cent 

similarity while site-II and site-III had 48 per cent similarity. Only three species i.e . 

.• Andropogon foulkesii. Eupatorium gladulosum and Oxalis corniculata were found 

common to all the three sites. 

Rikhari et at (1997) made their studies on woody vegetation and 

regeneration status in a mixed oak forest of Kumaum Himalaya The results revealed 

that Quercus leucotrichophora in the stands of eastern aspect and Q. floribunda in 

those of north-western aspects had maximum IVl. However, in hill base and of east 

aspect, Q. floribunda remained almost as important as Q. leucotrichophora, while in 

6 
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other stands of eastern aspect Q. /eucotrichophora showed clear-cut dominance. A 

similar pattern was evident for Q. floribunda on north-western aspect. 

Chaturvedi (1994) mentioned that the tropical forest contain maximum 

number of species then the temperate forest due to more restricted climatic condition 

and small growing season. The biotic interference has tremendous influence on 

biodiversity which is directly linked with the reduction of population of both human ' 

and livestock. 

Studies were conducted by Kaushal et al (1996) in deodar (Cedrus deodara) 

mixed forests at six locations (Kilba, Shongtong, Kalpa, Riba, Moorang and Thangi) 

in Himachal Pradesh to study phytosociologica,I attributes, densities (trees, shrubs 

and herbs), tree parameters (dbh, basal area, height volume and age), nutrient 

content in green foliage (needles) and litter. Density for deodar trees and for shrubs 

ranged from 360 to 800 and 2600 to 6600 plants/ha respectively. The mean volume 

increment varied from 0.33 to 2.88m3lha (fonnula volume) and 0.26 to 2. 18m3 Iha 

(local volume tables). The amount of forest litter produced was less at higher 

altitudes and varied from 2793 to 4860 Kglha. 

Phytosociologica1 investigation of fir and spruce forests of Chhachpur and 

Narkanda revealed the difference in vegetation with change in elevation. The IVI 

value of Cedrus deodara was found to be 78.70 and 48.26 in Narkanda and 

Chhachpur. While IVI values for Abies pindrow increased with increase in elevation 

from 72.06 to 98.99 and 64.84 to 85.64 in Narkanda and Chhachpur, respectively, 

and these values were highest among all the species. Among herbs Fragaria indica 

was prominent at all the elevations on both the sites. Trifolium pratense and Viola 

bijlora were the other important species in fir-spruce forests . Coriaria nepalensiss, 

Berberis aristata and Zanthoxylum armatum were prominent shrub species at 

Narkanda where as Crafaegus crenu/ata, Prinsepia utilis, Coriaria nepa/ensis and 

Coton~aster microphlla at Chhachpur (Gupta, 1997). 

7 
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Pandey and Joshi (1998) carried out phytosociological analysis of data 

collected from 7 different forest stands, along an altitudinal gradient of 1500-2000 m 

in Kumaon Himalayas (Utter Pradesh). It was found that Pinus roxburghii was the 

dominant species at lower altitude on eastern and southern aspects and Quercus 

leucotrichophora at higher altitude on northern aspects. The regeneration of deodar 

was very poor in all stands while, that of Pinus roxburghii was better on southern 

and eastern aspects. 

Singh (1998) studied vegetation structure under north and south aspects in 

the temperate zone of western Himalayas. The species compositions, distribution 

pattern, diversity concentration of dominance and community coefficient of the 

forest vegetation were determined under two aspects (north and south facing slopes) 

in Tirthan valley, Kullu district of Himacha1 Pradesh. The plant communities in the 

area are representative of temperate and alpine regions and consist of oak and 

conifer forests, high altitude mixed forests, alpine, sub alpine and pastures. There 

was the marked difference in the composition of the trees, shrubs and herbaceous 

vegetation on the two aspects. The north-facing slope was dominated by Abies 

pindrow, Picea smithiana and Cedrus deodara, whereas southern aspects were 

dominated by Pinus wallichiana, Quercus semicarpifolia and Rhododendron 

arboreum. The density of Abies pindrow and Picea smithiana were higher on north 

facing slope then the southern aspects. Only few genera were present on the both 

aspects, which included Picea smithiana, Abies pindrow and Cedrus deodara. 

Singh and Gupta in 1992 reported the result of a phytosociological analysis 

of ~ot.d vegetation carried out in 1984-86 in a compartment in Kotgarh Forest 

Division, in an area felled since 1970-71, and then closed and planted with silver fir 

(Abies pindrow) and spruce (Picea smithiana) in 1984-85. The compartment had a 

7-15% slope ~ld N.-NE aspects. The dominant species was Fragaria indica, with an 

Importance Value Index ([VI) of91.88. 

8 
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Rolim and Nascimento (1999) studied the species richness, diversity and 

species-abundance relationships of a tropical forest in the Forest Reserve of 

Linhares, Espirito Santo State, Brazil, using different sample sizes (1, 2,4, 8, 16, 32 

and 40 ha). The results showed that all 3 of these structural parameters were 

sensitive to sample size. In the 40-ha sample, the number of species was 143.3% 

higher than in the I-ha sample. The differences in the number of species between 

consecutive' samples decreased with increase in sample size. For Shannon's diversity 

index, the difference between the 40-ha sample and l-ha sample was only 7.4%. 

Although there was low variation in the diversity values, there were highly 

significant differences between samples. In small samples, the lognormal curve 

showed a truncated shape at the point where, the most of species are represented by 

few individuals. The truncation indicated that species with very low abundance were 

not sampled. As the sample size increased, new species were found and existing 

species changed in abundance. Consequently, the characteristic lognormal 

distribution curve became more evident, indicating the best representation of 

species-abundance relationships of the conununit}'. 

Floristic richness and species diversity were studied in a subtropical hwnid 

broadleaved forest ecosystem, 7, 13 and 16 yr after clear felling near Shillong in 

Meghalaya, India The numbers of tree species increased from 4 in the 7-yr-old 

regrowth to 5 and 10 in the 13- and 16-yr-old regrowths, respectively_ Comparison 

of Shannon's diversity index for the tree component showed greater similarity 

between the 7- and 13-yr-old regrowths, but the 16-yr-old regrowth recorded the 

highest diversity. On the other hand, the number of herbaceous species declined 

significantly 33 in the 7-yr-old regrowth to 12 in the 16-yr-old regrowth, so that their 

diversity index was greater in the 7-yr-old regrowth than in the older regrowths. The 

diversity of the total community was highest in the 7 -yr-old regrowth, declined to a 

lower level in the 13-yr-old regrowth and increased again in the 16-yr-old regrowth 

(Arunachalam, 1998). 

9 



ReView of Literature 

2.2 STAND CHARACTERISTICS 

Suri (1975) had given the regression anaJysis of data on 97 trees on Cedrus 

deodara (dbh 2 to 38 inches) and 55 trees of Abies pindrow (dbh 2 to 24 inches) in 

Himachal Pradesh and found positive correlation between stem diameter and crown 

projection area for each species. The curves of number of stems per acre over 

diameter as predicted by the regression equation and those taken from yield tables 

were compared for each species and also for Shorea robusta. The use of the relation 

between the variables as a guide to thinning and initial spacing is described and their 

values for purpose of aerial survey was noted. 

Yang et aI. (1976) assessed six methods of measuring stand density using 

stand data viz., trees per unit area, stand density index, stand volume per unit area, 

spacing index and crown competition factor from Cryptomeria japonica plantations. 

Spacing index and crown competition factor were found to be the most effective 

being independent of stand age and correlated with volume growth. 

Stein (1988) documented an imbalance in size class distribution of pondarosa 

pine at high elevation on the Paunsaugunt Plateau of southern Utah due to lack of 

individuals in smaller size classes. Many recent inventories have shown a marked 

drop in amount of forest land dominated by ponderosa pine with replacement by 

other species. Fire suppression policies as well as cooler and wetter recent climate, 

have probably made natural pondarosa pine regeneration difficult and have favoured 

the more competitive, shade tolerant spruce and fir. 

- -f 

Sood and Bhatia (1991) studied the population structure of tree species in 

forest around Shimla in Himachal Pradesh, and observed the greater proportion of 

individual in lower girth classes of Cedrus deodara , Quercus dilalala, and Cornus 

capitala at site-I, Cedrus deodara , Picea smithiana, Quercus dialalala, Quercus 

leucotrichophora and Rhododendron arboreum at site-II and Quercus 

leucotrichophora and Pinus wallichiana at site III, representing frequent 

reproduction while occurrence of only seedling and sapling of Lyonia ovalifolia 
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indicated as recent invader. In all the sites, the number of trees with highest girth 

classes were negligible, however in saplings number increased with the increase in 

size class, the number of individuals decreased rapidly in lower size class then 

bigger ones. 

While studying the stand dynamics and regeneration patterns of a pinyon 

pine forest in east Mexico Segura and Snook (1992) showed that frequency by size 

class closely approximate a negative exponential distribution, suggesting a balanced 

and continuous multi-aged condition. Age distribution, however, showed that trees 

colonized the stand following discrete disturbance events. Significant in relationship 

between size and age occurred among the individual in same stand. Sand structure 

and regeneration patterns were strongly influenced by natural and human 

disturbances, particularly a large fire that destroyed most of the forest in 1938. 

Information was obtained on the structure, increment and possible utilization 

of the east Himalayan fir forests in central Bhutan (Burgi and DOIji, 1992). In terms 

of stems the forests consisted mainly of 83-90% of broad-leaved species 

(Rhododendron, Betula, Prunus and other species), but inverse was true for basal 

area and volume which consisted of 72-83and 86-90% for conifers respectively. 

Other conifer species present were hemlock (Tsuga dumosa) and spruce (Picea 

spinulosa). Annual increment was low 3.2m3/ha on the north facing slope and 

2.2m3/ha on south facing slopes. 

Studies conducted by Shrivastava (1997) on the management of spruce 

(Picea smithiana) and silver fir (Abies pindrow) forests of western Himalayas, 

which were managed under selection system with 60 cm minimum exploitable 

diameter and 15 years of felling cycle. There yield is to be regulated by the number 

of selection trees recruited from lower diameter class to exploitable diameter class 

during the felling cycle and expressed in percentage. There was a provision of 

removal of over mature trees to avoid decay. Annual prescribed yield for deodar, 

kail, spruce and silver fir was fixed at 36, 18 and 900 number of selection trees 
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which were 35%, 35% and 30% of the total number of selection trees and 32%, 15% 

and 45% of the annual volume increment of the species respectively. 

Sirois (1997) in their studies on distribution and dynamics of balsam fir 

(Abies balsamea) in James Bay area found that balsam fir existed as an isolated 

population scattered across large expanse of Quebec's boreal forests. At its northern 

limit, balsam fir was primarily associated with environments that had a low fire 

frequency, such as coastal lands along James Bay and shores of major hinterland 

water bodies. Detailed mapping of balsam fir population, stratigraphical study of 

supporting organic soils, and age structure data of forest stands around Duncan lake 

with black spruce (Picea mariana) and jack pine (Pinus banksiana) dominating, 

constituted the core of the local analysis of balsam fir ecology at its northern limit. 

The dynamics of the tree seedling bank was examined by Antos et al. (2000) 

in old growth, sub alpine spruce and fir (Picea engelmannii and Abies lasiocarpa) 

forests in south central British Colombia The height, basal area and age were 

determined for seedlings which were up to 149 years old. Regression showed that 

spruce 1 m tall averaged 65 years and fir 92 years old. Age structure indicated that 

individuals of both species occurred in almost all 5 years age classes. Regression of 

height and diameter vs. age had high predictability and showed that spruce grew 

more rapidly then fir. 

Glaz (2002) in his studies on characteristics of stand with young natural 

regeneration in Sudety and Karpaty of different forest stands of varying age of 
f 

spruce (81-100 years), fir (91-140 years) and beech (80 years and above). He found 

that natural regeneration is most frequent in the stands of felling age, Results 

showed no significant correlation between young natural regeneration and the values 

of the main stand characteristics such as site, age, type of vegetation cover, degree of 

shelter and basal area. 
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Glaz and Zajaczkowski (2002) conducted regeneration study in natural 

forests in Poland to determine the dynamics of natural regeneration based on habitat, 

age, dbh, basal area, degree of stocking! stocking rate, vegetation cover, dominant 

species in shrub layer and degree of shelter. In pine stands they found that natural 

regeneration was most frequent in the 81-100 year stands growing in the fresh 

coniferous forest habitat with grass sod cover, birch and juniper as the main species 

in the shrub layer, with basal area of25.1 to 30m2 /ha (46.77%),27.23 and 25.47% 

stocking rate and 52% of degree of shelter. Natural regeneration was most frequent 

in stands growing in the mountain mixed deciduous forest habitat, age sub classes 

from IV a to Via with sod cover, with shrub layer, basal area of 30.1 to 40m2/ha, 

20.68 and 18.72% stocking rate and 61 % of degree of shelter. While natural stands 

of fir occur in 91-100 year old stands growing in the mountain forest habitat with 

weedy ground cover of 67.7% with hazel (Corylus spp.) as a dominant species in the 

shrub layer (44.97%), basal area of 15.1 to 20.0 m2/ha with 36.44% stocking rate 

and 55% degree shelter. 

Agrawal and Patill (I956) studied the problems of regeneration in fir and 

spruce forests, they noted that fir and spruce seedlings are shade demander in early 

stages and reproduction of both occurs plentiful at lower elevations under 

broadleaved trees. 

Mishra and Gupta (I993) studied the effect of spacing on stem and crown 

development on cottonwood at the experimental fann of the University of 

Horticulture and ForesUy, Solan, Himachal Pradesh. Spacing significantly affected 

all parameters except for degree of crown spread. Height, diameter at breast height, 

basal area and stem volume increased at increasing spacing while stem length 

decreased. Crown length, diameter, basal area, surface area and volume, and live 

crown ratio increased with increasing spacing while crown projection ratio 

decreased. Significant positive correlations were found between crown surface area 

and crown volume, stem volume and crown volume, stem volume and crown surface 

area, stem diameter and live crown ratio, and crown diameter and stem diameter. 
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Cro\\1\ efficiency was defined by Assmann as individual tree volume 

increments per unit of crO\\1\ projection area, with the hypothesis that, within a given 

crown class, smaller crowns are more efficient because their ratio between crown 

surface and horizontal crO\\1\ projection is higher. Data collected years from 12 

loblolly pine (Pinus taeda) spacing experiment, established in 1983 at 4 sites in the 

SE USA, were used to test the hypothesis by taking individual tree height relative to 

plot dominant height to describe cro\Yn class, within-plot, regression showed that 

crown efficiency decreased with crown size for trees below dominant height. This 

relationship was much less pronounced than indicated from Assmann's examples, 

although the crown surface to crown projection ratio behaved in the same way as 

Assmann had hypothesized. Crown efficll!ncy as well as the crown surface to crown 

projection area ratio decreased with increasing density. Basal area increment per 

hectare increased until total crown closure approached 130% and then stayed 

constant. This major impact of total crown coverage brings into question the 

usefulness of crown efficiency as an indicator for unit area growth (Sterba and 

Amateis, 1998). 

A comparison was made of the mean growth ring widths at the same cambial 

age for beech (Fagus sylvatica), ash (Fraxinus excelsior), Norway spruce (Picea 

abies) and silver fir (Abies alba) in a forest near Zurich (Switzerland). The annual 

ring patterns were analyzed, and compared with the crown condition in 1987. The 

spruce, beech and ash have maintained a steady or slightly increased mean annual 

ring increment, this may be the result of modified management and greater spacing 

'0: p~haps of fertilizing effects caused by air pollutants. It cannot be estimated how 

long these increment improvements will persist. In contrast, the increment curve of 

silver fir has shown sharp decreases since 1956. Beech and ash exhibit identical 

incremer,t irrespective of the rate of defoliation, whereas spruce and (especially) fir 

exhibit a lower mean increment when their crowns are damaged. (Kontic et al.. 

1990). 
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2.3 SITE FACTORS 

Abies ferma and tsuga sieboldii were studied in natural conifer- hardwood 

forests at Miyazaki by Yurkni and Aragami (1973). The two species were found to 

grow together and produced abundant seeds every 2-3 years. Most of the seeds 

germinated in May-July, but died later on and the main cause of death of young 

seedling was high temperature in summer and frozen soil in winters. Very few 

conifer seedlings were found in deciduous hardwood stands and were hardly found 

under conifer stands, where numerous seed trees and undergrowth was present 

apparently because of lack of sufficient light beneath the canopy and excessive 

competition from the rhizomes. A lattice experiment on Abies ferma showed that the 

light intensity for initial growth of seedlings was 40-80% of full sunlight. 

Parker (1986) studied the environmental and historical factors affecting red 

and white fir regeneration in ecotonal forests . He used diameter-class distribution of 

thirty mixed red fir/white fir forests from Yosemite National Park California to 

examine the pattern of canopy dominance and regeneration mode of these two zonal 

dominants. He observed that successful regeneration of each species is associated 

with open canopy and nutrient rich substrates. Red fir regenerates in greater numbers 

on wider range of sites, but suffers greater mortality then white fir. The pattern of 

canopy dominance indicates that white fir tolerates canopy closure and dominates on 

nutrient rich sites in montane forests, whereas red fir is less tolerant of shading and 

dominates on disturbed, nutrient-poor substrates in sub alpine forests . He concluded 

that these patterns are interpreted as adaptive response to complex interactions of 

site factors, disturbance frequency and biotic constraints along an elevation gradient. 

Soils and their behavior with respect to natural regeneration of fir and spruce 

in Narkanda (Himachal Pradesh) were studied (Jha et al, 1984). Although soil 

formation is governed by podzolization process but the soil profile in poorly 

regenerated area showed almost negligible eluviations of clay and organic matter 

due to fairly well developed '0' horizon. The soils are distinctly acidic, unsaturated 

and pussess low cation exchange capacity. They also found that litter decomposition 
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in fir and spruce forests releases hydrophobic substances which severely restricted 

wetting of soil. Therefore, the insufficient moisture content in the soil due to thick 

layer of humus on the surface affected the process of natural regeneration in fir and 

spruce in N arkanda 

The influence of site factors on the composition and structure of semi-natural 

mixed species stands of beech (Fagus sylvatica), silver fir (Abies alba) and Norway 

spruce (Picea abies) was studied by Abrudan and Mather (1999) in the upper 

Draganul watershed of north-west Romania Results of redundancy analysis for 

beech-conifer stands indicate that Abies alba predominates at mid to upper slope 

positions, on steep gradients and favours southerly aspects. In contrast Picea abies 

was more abundant on frost susceptible lower slopes and damper sites with north­

western aspects. A week ordination with respect to site factors reflected the fact that 

Fagus sylvatica may have been at the upper altitudinal limits of its natural 

distribution. It was concluded that two species have site requirement that are 

relatively complementary for both production and the conservation of mixed stands. 

Kerr (2000) studied the factors affecting the natural regeneration of Corsican 

pme (Pinus nigra) in Great Britain. It was found that satisfactory natural 

regeneration of Corsican pine is generally difficult to achieve when compared with 

Scots pine (Pinus sylvestris). However, it is possible if patient approach is applied. 

Good seed year occurs at an interval of 3·5 years and it is important to initiate 

operations which wi1l take advantage of these 'mast' years. The bank of advance 

"' regeneration can be developed by increasing seed supply, preparing seedbed before 

seed fall by disturbing organic matter on the soil surface, controlling vegetation and 

protecting seedling against browsing. 

Hanssen (2003) studied the influence of vegetation cover, humus depth and 

micro-relief and distance to seed tree edge on natural regeneration of Norway spruce 

(Picea abies) in five clear-cut Bilberry woodland in south-eastern Norway. Most of 

the regeneration (95%) developed in 1996 after a rich seed year in 1995. The 
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microhabitat was of crucial importance to seedling establishment. Litter of sphagnum 

and Politrichum commune was good substrate for establishment, while areas 

dominated by Deschampsia jlexuos, Dicranm sp. and Pleurozium schreberi had very 

few seedlings. Seedling survival after five growing season was slightly better in 

litter then in sphagnum and other mosses. Increasing humus depth had a positive 

influence on regeneration probably due to shallow soils at the site. Distance to the 

seed tree edge had a significant effect on establishment, with more seedlings 

establishing to the edge. 

Light conditions, and the growth rate, stern fonn and wood quality of planted 

trees were observed in openings made by group felling in a 31-yr-old stand in Ehime 

Prefecture in 1961. Light conditions quantified and discussed includes, the relative 

solar radiation (RSR) in different parts of the opening, the percentage of possible 

sunshine (PPS) and the diffuse site factor (DSF, the ratio of diffuse radiation at a 

given site compared with that in the open). Stem growth required an RSR of at least 

5%. Regeneration grew fairly well when it· was greater then 20% RSR and 

vigorously when greater then 50% RSR. Trees in the centre of openings generally 

had the largest stem increment. Growth was highly correlated with RSR and PPS, 

trees in larger openings grew better than those in smaller openings. Growth was 

even more highly correlated with DSF. This correlation was independent of opening 

size and an equation is given showing the relation between relative dbh 10 yr after 

planting and DSF. (Fujimoto, 1984). 

In the main study, on the Oregon coast, scarified plots were established 

under a 118-year mixed conifer stand thinned to provide a range of canopy densities, 

and the establishment and growth of seedlings of Picea sitchensis, Tsuga 

heterophylla, Pseudotsuga menzies;; and Alnus rubra, from natural seed fall or from 

sowing, were measured and related to solar radiation. The conifers all became 

established on mineral soil more readity than A. rubra. The intensity of solar 

radiation (ranging from <10 to nearly 70% of that in the open) bad little effect on 

establishment, but growth in the first season of P. menziesii increased with radiation, 
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and that of the other three species increased with radiation to an optimum, varying 

with the species from 39 to 50% of that in the open, and then declined, this decline 

appeared to be related to high soil moisture tension (Ruth, 1968). 

Haq (1992) studied the microclimate and natural regeneration of Abies 

pindrow in the moist temperate forests of Pakistan at Kund in 1988-90. These forests 

have 80% Abies pindrow, with the main shrub Viburnum grandiflorum. 

Photosynthetically active radiation (P AR) reaching seedlings was measured under 

open canopy, and under canopy consisting of trees, V grandiflorum or V 

grandiflorum + trees, in 1988-89; values were 17-26, 10-31, l.8-4.5 and 1.4-4.7%, 

respectively, of those at a completely open site, and varied with season. Mortality 

rates of 1-3 yr old seedlings were high. For 1-, 2- and 3 years old seedlings observed 

after 3 years, they were 88, 60 and 70% in the open, and 79, 82 and 69% in the 

shade, respectively . Survival rates of 4-7 yr old seedlings were less affected in the 

open. Height growth was slow only 4.7 cm over 3 yr (1.6 cm/yr) in 7-yr-old 

seedlings. 

Roussel (1954) presented the results of measurements of annual growth in 

Abies alba and Picea abies in the Levier national forest (Jura). It was noted that fir 

receiving 25 % radiation made growth equal to that made in the open. Reduction of 

radiation below this point resulted in decreased growth. A similar decrease in growth 

was observed in spruce at radiations below 40-50%. At the same summer radiation 

values a cover of deciduous species is more favourable to growth of coniferous 

·f regeneration than a cover of coniferous species. 

Sidiyasa (1988) made comparison of soil properties, species composition, 

sapling and seedling development and diameter distribution of saplings and trees, in 

20X20 m plots laid out in stands of Diospyros celebica and Kalappia celebica in 

South Sulawesi, lndonesia Soils under both types of stand were nutrient deficient 

and acid, with pH ranges of 3.7-3.8 under D. celebica and 3.9-4.0 for K celebica. 

Numbers of individuals at each developmental stage (trees, saplings and seedlings) 
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were greater in the K. celebica stand, and calculation of Jaccard's similarity index 

confirmed that the developmental stage assemblies were quite different in 2 stands. 

The species present in each stand type were listed, indicating their stages of 

development. The average similarity index between the stands was greater then 

30%. Regeneration was much greater in the D. celebica stand. It is suggested that 

the presence of certain dominant and co-dominant species could be used to assess 

the suitability of sites for plantations of these species. 

2.4 REGENERATION STATUS 

In forest communities of oak-conifer forests has been studied in Bashahr 

Himalayas by Mohan and Puri (1955). According to them physical and biological 

environment involved in the development and succession of various forest 

communities had been worked out in three main climatic climaxes. The presence of 

conifers in areas was determined by the following factors a) nature of geological 

slope: oaks were usually dominated on the scarp slope, whereas, the dip slope bore 

mixed oak/conifer or pure conifer communities, b) nature of secondary deposits 

resulted in oak climax. predominant on secondary soils. Several communities usually 

predominated on newly laid alluvium~ broad leaved deciduous species from 

communities and on older alluvium conifers with or without deciduous species and 

c) biotic factors generally destroyed the oak climaxes, by bringing in the conifers on 

abandoned cultivation. 

Chacko (1965) reported that the assessment of regeneration is important in 

experimental plot with relatively small area. Plot size is the determining factor in 

negative and positive correlation of the species. It is essential to accept the higher 

intensity of sampling to get proper results. 

Gordon (1970) studied natural regeneration of Abies concolor and Abies 

mangifica in north-east California and observed that natural regeneration was 

abundant with sound seeds, exposed mineral soil and probably some shade in the 
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first year, since strong insolation, deep litter, competing lower vegetation and long 

time between good seed year have obstacles to seedling survival and growth. 

Regeneration and height growth of planted white spruce (Picea glauca) and 

alpine fir (Abies lasiocarpa) seedlings, the growth of competing shrubs and height, 

diameter and volume growth of spruce and fir. up to about 130 years of age were 

studied on alluvial and aralia sites in the central interior of British Columbia by Eis 

and CraigdalUe (l982).They found that alpine fir regenerated successfully under 

heavy shrub competition where spruce generally failed and fir growth up to 100 

years was better then that of spruce. Spruce maintained its growth longer. They 

concluded that spruce should be favored where its regeneration can be assured, 

where shrubs prevent its regeneration, however alpine fir may provide a viable and 

economical alternative. 

Singh and Singh (1987b) reviewed the studies on chir pine forests which 

occurred extensively in the low to mid montane belt (1000-2000 m amsl) usually as 

pure forest, but also with Shorea robusta, roona ciliate and Anogeissus Jatifolia at 

low altitude and Pinus waJlichiana, cedrus deodara and Quercus leucotrichophora 

at higher altitude in central Himalayas. The discussion covered environment, 

palaeoecological aspects, phytOSOCIOlogy, natural regeneration especially in relation 

to the early successional characteristics of chir pine, biomass productivity, litter fall 

and decomposition and implications of l;hir pine expansion. 

, ·f 
Singh et al. (1987) studied litter fall and natural regeneration of spruce and 

silver flr. The data reviled that the litter in such forest is detrimental to natural 

regeneration of two species. 

Sood and Bhatia (1991) studied the population structure and regeneration 

status of tree species in forest around Shimla in Himachal Pradesh and reported the 

higher density of seedling and saplings as compared to the other girth classes at site 

dominated by pure conifers and in the mixed conifer broad-leaved trees, In the sites 
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the number of tree with higher girth classes were negligible, except for of saplings 

where the number of individual decreases rapidly at first and then more slowly. 

Factors affecting the establishment and recruitment of seedlings of 

Appalachian endemic Pinus pungens were studied in pine-oak forest of dry south-.. 
western Mountain in south-western Virginia, United States. It was observed that 

recruitment of Pinus pungens was not limited by seed fall from sero1inous cones or 

by post dispersal seed predation. Total viable seed fall ranged from 35,000 to 69,000 

seeds/ha in 1988 and was concentrated in the spring and summer months. Low 

availability of suitable seedling habitat strongly limited the recruitment of P. pungens 

seedlings. The distribution of habitat variables for P. pungens seedlings and random 

points in the forest overlapped little, indicating that ~uitable microsites were 

relatively rare. Seedlings occurred in microsites characterized by shallow pine litter, 

low ground and canopy covers and larger nearest neighbour distance then occurred 

at random. Summer drought also contributed to low seedling survivorship, 

particularly in young seedlings. The result suggested that optimal recruitment and 

population maintenance of P. pungens in pine-oak forest is unlikely in the absence 

of fire (Williams and Johnson, 1992). 

Ram (I991) stated that in case of Cedrus deodara, under favourabJe 

conditions of snowfall, good seed year, well distributed rainfall, soil conditions in 

respect of raw humus and weed growth, adequate sunlight under properly opened up 

crop which may be tended to establish, resulted in profuse natural regeneration. 

However prolonged dry spell after germination, in May-June, fire and uncontrolled 

grazing proved disastrous. 

Dwivedi (1993) reported that in irregular shelterwood system after seeding 

felling 50 seed bearer/ha in cooler aspects and 60 trees in hotter aspects, preferably 

of 40-50 cm or 50-60 cm diameter class be let with a view to help deodar 

regeneration. When kail forms the pure patches, 30 kail trees/ha on cooler aspect and 

about 40 trees/ha on hotter aspect be kept as shade bearer. An overhead stratum was 

21 



Review of Literature 

generally removed in 2-3 successive felling. In selection system tree below 

exploitable diameter were preserved and thinned as and when necessary with the 

main objective of getting natural regeneration and to get best growth performance. 

Gupta (1997) studied the regeneration of fir and spruce forests of Chhachpur 

and Narkanda areas and found that regeneration of fir on an average was more 

(687.5/ha) then spruce (312.5/ha) in Narkanda., where as in Chhachpur it was 

833.33/ha and 1875.00/ha, respectively. In Narkanda with the increase in elevation 

the regeneration decreased from I 250/ha to 208.33/ha for fir and for spruce 625/ha 

to156.25/ha The regeneration of fir increased from 6251ha to 1041.671ha, where as 

it decreased for spruce from 2083.331ha to 1666.67/ha with increase in elevation at 

Chhachpur. 

In 2004 Grassi et al. analyzed the distribution and growth of natural 

regeneration of Norway spruce and silver fir as affected by stand structure and the 

age structure of all the saplings between 0.2 and 10m in height, in a 30-year-old gap. 

They found that in both species, natural regeneration was mostly clumped and 

located at the margin of the gaps. However, fir saplings were more represented in 

under storey environment as less represented in gaps when compared with spruce. 

Age structure of natural regeneration in the selected gaps revealed that majority 

(75%) of saplings appeared after fonnation of gaps, while regeneration taller then 

2m, saplings ~ready present at gap fomution predominated. Thus, it was concluded 

that gap edges represent a preferential regeneration niche. 
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MATERIALS AND METHODS 

The present investigation entitled "Studies on stand parameters and natural 

regeneration status of silver fir and spruce in Himachal Pradesh" was carried out in 

Bashla and Jubbal forest range (Rohru Forest Division) and Kotkhai forest range 

(Theog Forest Division) of Himachal Pradesh during year 2004-2005.The materials 

and methods used are described in the following segments. 

3.1 STUDY AREA 

Present study was carried out in Bashla forest range (Rohru forest division), 

situated between 31°13'5" to 31°13'55" N .latitude and 77°39'30" to 77°41' 15" E 

longitude, Girl forest in Jubbal forest range (Rohru forest division), 31°4'30" to 

31 °6'30" N latitude and 77°32' 1 0" to 77°33' 15" E longitude and in Kharapathar area of 

Kotkhai forest range (1beog forest division) 31°7'15" to 31°8'45" N latitude and 

77°37'10" to 77°38'10" E longitude (Survey of India, Toposheet No. 53 of El11 

1 :50,000). The study was mainly confined to fir and spruce forests within the elevation 

range from 2100 m to 3000 m above mean sea level. 

a) Climate 

The climate varies a lot depending upon the altitude and aspect. The study 

area falls in wet temperate zone, however, the northern aspect is more cooler then 

southern aspect. Precipitation is in the fonn of rains mainly during rainy season but 

snowfall occurs during winter months. Seasons are very distinct viz., swnrner (April 

to June), monsoon (July to September) and winter (October to March). The parent 

material consists of shale, schist, micacious schist and the soil is shallow to deep at 

different areas but fertile sandy loam. Areas are having gentle to steep slope, draining - .~ ., 

to Pabber river in Rohru while in Jubbal and Kotkhai the slopes drains into Giri as 

well as Pabber the tributaries of river Yamuna. 



Materials and Methods 

b) Forest types 
The forests of study area were having vegetation of temperate nature mainly 

with the following forest types (Champion and Seth, 1968). 

12/C 1 -

12/C1b -

12/C2 -

12/2S1 -

13/C4 -

Lower Himalayan temperate forest, 

Mohru oak forest, 

Upper West Himalayan temperate forest, 

Low-level blue-pine forest and 

West Himalayan high level dry blue pine forest. 

c) Selection of compartments 

The details of the selected compartments for the present study under different 

forest sites are given in table. 

Table 1. Details of samples plots taken for study in Rohru and Theog forest 
divisions. 

Forest Forest System Compartment Periodic Aspect 

Division range applied block (PBs) 

Rohru Bashla Protection UF-9 Area under North-East 
(Rohru working 

UF-IO 
protection 

North-East felling circle working circle 
series) UF-9 North-East 

Rohru lubbal Indian irregular Giri-3b PB-I Northern 
(Jubbal . ·f shelterwood 
felling system Giri-4a PB-I Northern 

series) Giri-Sb PB-U Northern 

Giri-3d PB-U Northern 

Theog Kotkhai -do- Gahangrri-177 PB-I North-East 

Nag Tikkar-l 75 PB-U North-East 

Forests of fir and spruce are managed under Indian irregular shelterwood 

system. Three plots of 20 m x 20 m each were taken in a stand at three elevation 

classes (2100-2400 m, 2400-2700 m and 2700-3000 m) in Bashla forest range 

(Rohru forest division), where the forest was being managed under Protection 





Plate 1. Fir and spruce forest in Bashla forest range (Rohru), showing 
presence of Picea smithiana at highest elevation. 

Plate 2. Fir and spruce forest in Bashla forest range showing higher 
presence and broader crowns of Abies pindrol1' at lower elevation 



Plate 3. Fir and spruce forest in Jubbal forest range (Rohru Forest Division) 

Plate 4. Fir and spruce stand in Jubbal forest range showing low density 



Plate 5. Fir and spruce forest in Kotkhai forest range (Theog Forest Division) 

Plate 6. Fir and spruce stand in Kotkhai forest range showing different 
size class trees in the area. 
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working circle, this forest was not divided into periodic blocks. Whereas, in lubbal 

and Kotkhai ranges the forest was under Fir working circle and the area was divided 

into two periodic blocks, PB-I and PB-unallotted (PB-U). Here sample plots in each 

periodic block were taken in different elevation classes on the same pattern. 
~ 

PB-I· The PB-I areas are identified for seeding felling and planting 

PB-U It is the merger of other periodic blocks into one PB (other then PB-I), and 

represent the area where salvage and improvement felling are aimed 

(Shrivatava and Siaguru, 1997). 

Protection working circle 

This working circle contains the demarcated protected forests, which has not 

been included in any of the working circle, being either inaccessible due to rock, 

steep and precipitous terrain or excessive deforestation in the past. They are chiefly 

important from the protection point of view in pr.eventing denudation and 

maintaining an equitable flow of water in the streams and rivers which have there 

source in the hills. 

3.2 PHYTOSOCIOLOGICAL STUDIES 

The present stuqy on floristic composition was carried out in the sample 

plots already laid out for growth studies in fir and spruce forests. The observations 

were recorded for trees in all sample plots of 20 m x 20 m, while for shrub and herbs 

5 and 12 plots of 5 m x 5 m and 1 m x 1 m were laid out in each tree sample plot, 

respect i ve I y. 

The following phytosociological parameters were studied from the basic 

data viz., number, girth/diameter, height, and basal area collected for different plant 

communities, using different formulae (Raunkiaer, 1934; Misra, 1968; Menon and 

Balasubramanyan, 1985). 

Percentage frequency (0/0 F) 

It is the indicator of number of sample in which the given species occurs, 

thus express the distribution of various species in the community. 

2S 
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Percent frequency (O/OF) = 

Density (D) 

Number of sampling units in which 
the species occurred 

Number of sampling units studied 
x 100 

It represents the numerical strength of species in a community calculated 

as: 

Total number of individuals 

Density (D) = 
Total number of quadrates studied 

Basal area 

It refers to the ground area actually covered by the stem and calculated by 

using following relation: 

Where: 

Basal area 

d - Diameter 
g - Girth 

The diameter of trees was measured at breast height with tree caliper (cm), 

whereas for shrubs and herbs collar diameter (cm) and collar girth (cm), 

respectively. 

Relative basal area, relative density and relative frequency 

These parameters were obtained from the percent frequency, density and 

basal area ac·~ording to procedure given by Phillips (1959). 

Relative basal area (RBA) = 

Relative density (RD) = 

\ 
\ 

Total basal area of th'e species 

Total basal area of all the species 
.,. 

No. of individuals of the species 

No. of individual of all species 

26 

x 100 

x 100 
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Relative frequency (RF) == 
No. of occurrence of the species 

x 100 
No. of occurrence of all species 

Importance value index (M) 

The lVI, which is an integrated measure of the relative irequency, relative 

density and relative basal area, was calculated for all species of trees shrubs and 

herbs separately for different elevation classes in study area under Bashla forest 

range (Rohru), whereas, in Jubbal and Kotkhai forest ranges in each periodic block 

at different elevation as: 

IVI - Relative basal area (RBA) + Relative density (RD) + Relative 
frequency (RF) 

Similarity index (SI) 

It expresses the ratio of common species to all species found in the vegetation 

and is determined by the method given by Sorenson (1948). 

No. of common species in two stands (relives) i.e. A and B 
SI = x 100 

Yz (Total number of species in stand A + stand B) 

-
Shannon index of general diversity (H) 

Species diversity is determined by Shannon's index of general diversity and was 

calculated by using Margalefformulae Odum, 1971). 
."0/ . e> . <.. . 

-
H = -L (nilN) log (niIN) 

Where: 

m Importance value of each species 
N Total importance value 

27 
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3.3 ESTIMATION OF STAND CHARACTERSTICS 

Individual tree measurement 

Tree falling in each sample plot were enumerated to determine the stand 

density as number of plants per hectare. 

Age of the main crop 

The age of the trees was measured by taking out a cylindrical column of 

wood at l.37 m above ground with the help of Pressler's increment borer and 

counting the annual rings, which corresponds to the age of the tree. However, for 

missing and higher diameter class trees (bigger then the size of increment borer), the 

age was estimated using linear relationship equation as 

Where: 

y == a + bx 

y - Age of the tree (years) 
x - Diameter at breast height (cm) 
a - Intercept 
b - Slope of the line 

Diameter at breast height 

The mean two diameter measurements of each stem over bark was taken at 

right angle to each other at 1.37 m above ground with the help of tree calliper. 

Tree height 

Total height of the standing tree is the straight line distance from the tip of 

the leading shoot to the groWld level, usually measured on slopes from the uphill 

side of the· tree (Chaturvedi and Khanna, 1982). The height of the tree was measured 

with the help of Ravi Multimeter and expressed in meters. 

Crown width 

The crown width was measured in two directions (North·south and East­

west) and average was calculated as suggested by Assmann (1970) and Chaturvedi 

and Khanna (1982). 
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Where: 

CW = 
2 

CW· Crown width (m) 
DJ • First measured crown diameter in meters 
D2 • Second measured crown diameter right ang1e to the first 

measurement in meters 

Volume of standing trees 

Volume of standing trees per hectare was calculated by multiplying the 

total number of trees per hectare with the mean diameter class volume in which the 

trees felled. by using the local volume table of the of the area available with the 

forest department. 

Crown projection ratio 

It is the ratio which states that by how many times the crown diameter is 

larger. th()n the stem diameter (Assmann, 1970) 

Crown projection ratio = bid 

Where: 

b • Crown width 
d - Stem diameter at breast height 

3.4 SITE FACTORS 

Solar radiation (influx) 

Relative light illumination under selected sample plots was recorded by lux 

meter under and outside the canopy during day time and the value in percentage of 

light intensity under the canopy to that in open was calculated as under (Rao, 1998). 

Total solar radiation beneath the canopy 
Solar influx (%) x 100 

Total solar radiation in open 

Organic matter layer 

It was measured as depth of the column from the top of humus layer to the 

point under humus where soil exists 
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Soil pH 

It was measured with the help of pH meter, the ratio of soil to water was 

taken as I : 2.5. 

3.5 REGENERATION SURVEY 

The regeneration survey in fir and spruce forests in Bashla range was done in 

all major plots (sample plots for trees) at different elevations, while in case of Jubbal 

and Kotkhai ranges regeneration survey was conducted in each periodic block at 

different elevations by laying quadrates of 2 m x 2 m (4 sq m), 2500 established 

plants per hectare were desired to express satisfactory regeneration. The quadrate 

was considered fully stocked when it contained one established plant (Chacko, 

1965) 

Each sampling unit had 9 recording unit of 2 m x 2 m quadrate. The survey 

was conducted for recruits (r) which may be defined as current years seedlings, 

unestablished regeneration (u) seedling other then recruits which has not established 

and height less then 2 m, here 4 unestablished plants were taken equivalent to one 

established plant and established regeneration (e) having height more then 2 m. 

Data recording 

The regeneration data collection of fir and spruce stands was done on the 

basis of number of individual occurring at seedling, sapling and pole stage in each 

quadrate. The height of established and unestablished regeneration . was also 

measured ttr the assessment of regeneration (Champion, 1935) 

Regeneration assessment 

The data I.hus collected was analyzed usmg formulae given by Chacko 

(1965) as follows: 

Recruits (r)/ha 

30 

= 
n 

2500 Lri/m 
i=1 
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n 
Unestablished (u)/ha 

regeneration 

2500 Luilm 

i=1 

Established (e )lha 

regeneration 

Where: 
n 
m 
n 
Ul 

el 

Weighted 
average height = 

(m) 

n 
= 2500 Leilm 

i=l 

Number of sampling units 
Total number of recording units in the survey 
Total number of recruits in each sampling unit 
Total number of unestablished plants in each sampling unit 
Total number of established plants in each sampling unit 

Total height ofunestablished regeneration + (Number of 
established plants x establishment height) 

Total unestablished plants+ TotaI established plants 

On the above estimates following indices were calculated: 

Weighted average height 
Establishment index (II) = 

Establishment height 

Stocking index (12) 

- _1_ [unestabliShed TseneratiOnlha + established regenerati0 nlha ] 
2500 

Established stocking percent - 100 (II x h) 





Chapter - IV 

EXPERIMENTAL RESULTS 

The results ~merged out of the present ~investigation entitled "Studies on 

stand parameters and natural regeneration status of sil ver fir and spruce in Himachal 

Pradesh" conducted in Bashla, Jubbal and Kotkhai forest ranges of Rohru and Theog 

Forest Division of Himachal Pradesh during 2004-2005. The salient findings 

obtained during the course of investigation are being presented in this chapter under 

following heads: 

4.1 Phytosociological studies 

4.2 Stand characteristics 

4.3 Site factors 

4.4 Regeneration studies 

4.1 PHYTOSOCIOLOGICAL STUDIES 

The phytosociological parameters such as density (D), basal area (BA), per 

cent frequency (%F), relative frequency (RF), relative frequency (RF), relative basal 

area (RBA) and importance value index (IVI), similarity & dissimilarity index and 

Shannon's diversity index have been tabulated in tables 20 to 38 for three elevations 

ofBashla, Jubbal and Kotkhai forest ranges. 

4.1.1 BASHALA FOREST RANGE 

i) Elevation class 2100-2400 m 

The data collected in this elevation class revealed the presence of 8 tree, 11 

shrubs and 28 herb species (Table-2). Among tree species, Abies pindrow was 

having maximum dominance, followed by Pinus wallichiana and Picea smithiana 

with IVI 135.23, 39.46 and 25.28, respectively. The Cedrus deodara recorded the 
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minimum value of IVI (12.01). In shrubs Sarcococca sa/igna was the dominant 

species followed by Lonicera acuminata and Viburnum cotinifolium with IVI of 

57.56,42.64 and 41.44, respectively, whereas, Elaegnus parvijlora was reported for 

lowest IVI value (3.46). Under herbs Viola pilosa was having maximum dominance 

followed by Fragaria vesca and Trifolium pratense with 44.85,35 .28 and 23 .28 IVI 

respectively, Hypericum perforatum observed the lowest value of [VI (0.57). 

The total basal area of the trees was 258367.5 cm
2
/ha with maximum 

contribution of 151930.42 cm2/ha by Abies pindrow. whereas the total basal area of 

shrubs and herbs accounted to 21270.93cm2l/ha and 106302.78 cm
2
/ha for which the 

share of Sarcococca saligna and Viola pi/osa was 28.24 and 27.03%, respectively. 

ii) Elevation class 2400-2700 m 

The data tabulated in table-3 revealed that out of 4 tree species Picea 

smithiana was dominating with maximum IVI value of 117.08, which was 

contributed by relative basal area of 62.10% resulting from basal area 271086.83 

cm2/ha, followed by Abies pindrow with maximum density of 116.67/ha, relative 

density 35.01 and an IVI value of95.83, whereas Cedrus deodara showed minimum 

presence with 24.96 IVI. 

Out of total 10 shrub species Rosa macrophylla had highest value of all 

phytosociological parameters with IVI value of 135.65, whereas rare species was 

Deutzia compacta with lowest IVI (4.56). The area presented 32 herb species, where 

., Fragaria vesca was dominant species, followed by Trifolium pratense with IVI 

value of72.45 and 45 .50, respectively. The minimum IVI value of 0.43 was found in 

case of Polygonum vaccinifolium. The total basal area for trees was 436565 .50 

cm
2
/ha, 37902.40 cm2/ha for shrubs and for herbs it was 255493 .89 cm2/ha. 

iii) Elevation class 2700-3000 m 

The data presented in table-4 indicated 5 trees, 6 shrubs and 31 herbs in this 

elevation class. Among trees Picea smithiana had maximum basal area of 461168 .25 

33 



Table 2. Floristic composition in Bashla forest range at an elevation of 
2100-2400 m 

Species Average BAfha %F RD RBA RF IVI 
Dlha cm1 

Trees 

Abies pindrow 150.00 151930.42 100.00 51.43 58.80 25.00 135.23 

Picea smithiana 41.67 6875.42 33.33 14.29 2.66 8.33 25 .28 

Pinus wallichiana 41.67 21973.58 66.67 14.29 8.50 16.67 39.46 

Prunus prost rata 25.00 14343.25 66.67 8.57 5.55 16.67 30.79 

Jug/ans regia 8.33 6698.67 33.33 2.86 2.59 8.33 13.78 

Aesculus indica 8.33 50658.67 33.33 2.86 19.61 8.33 30.80 

Populus ciliata 8.33 3768.00 33.33 2.86 1.46 8.33 12.65 

Cedrus deodara 8.33 2119.50 33.33 2.86 0.82 8.33 12.01 

Total 258367.50 

Shrubs 

Berberis aristata 186.67 448.00 26.67 7.53 2.ll 8.89 18.52 

Cotoneaster bacillaris 26.67 442.93 6.67 1.08 2.08 2.22 5.38 

Daphne cannabina 213.33 2454.67 26.67 8.60 11.54 8.89 29.03 

Desmodium elegans 213.33 1569.87 40.00 8.60 7.38 13.33 29.32 

Deutzia compacta 106.67 1445.60 20.00 4.30 6.80 6.67 17.76 

Elaegnus parviflora 26.67 33.87 6.67 1.08 0.16 2.22 3.46 

Lonicera acuminata 373.33 2085.33 53.33 15.05 9.80 17.78 42.64 

Prinsepia utilis 80.00 4335.20 13.33 3.23 20.38 4.44 28.05 

Rosa macrophylla 266.67 1059.47 33.33 10.75 4.98 11.11 26.84 

Sarcococca sa/igna 506.67 6006.67 26.67 20.43 28.24 8.89 57.56 

Viburnum cotinifolium 480.00 1389.33 46.67 19.35 6.53 15.56 41 .44 

Total 21270.93 

(Contd .... ) 
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I 
Average BAlha 

Specie5 Dlha cm1 

Herbs 

Adiantum venustum 67500 .00 952.78 

Arisaema inlennedium 6944.44 3963.89 

Bislorta amplexicaulis 19166.67 2475.00 

Carpesium cemuum 3611.l1 686.11 

Agrostes spp .. 7222.22 444.44 

Cynog/ossum glochidiatum 555.56 200.00 

Cyperus aristatus 82777.78 7363.89 

Dichanthium annulatum 20277.78 2211.11 

Dryopteris nigropaleacea 49444.44 8794.44 

Prunella vulgaris 13888.89 1305.56 

Fragaria vesca 135277.78 12575.00 

Galium aparine 77500.00 5958.33 

Geranium wallichianum - 2500.00 400.00 

Ganaphalium affine 833 .33 88.89 

Hedera helix 10833 .33 777.78 

Hypericum per/oratum 277.78 88.89 

Onychium contignum 32222.22 2675.00 

Origanum vulgare 3055.56 752.78 

Oxalis comiculata 9166.67 552.78 

Perotis lati/olia 85833.33 5286.11 

Polygonum vaccinifolium 833 .33 88.89 

Rumax nepalensis 1111.11 705.56 

Salvia glutinosa 8611.11 5286.11 

Sanicula europea 16111.11 3630.56 

Strobilanthes alatus 15000.00 1950.00 

Trifolium pratense 106944.44 6808.33 

Urlica dioica 3055.56 1547.22 

Viola pilosa 57500.00 28733.33 

Total 106302.78 

D - Density 
F - Frequency 
RD - Relative density 
IVI - Importance value index 

%F 

25.00 

25.00 

25.00 

13.89 

13.89 

2.78 

22 .22 

2.78 

44.44 

8.33 

44.44 

30.56 

5.56 

2.78 

33.33 

2.78 

2.78 

5.56 

2.78 

63 .89 

2.78 

5.56 

44.44 

33.33 

41.67 

25.00 

] 1.1 1 

66.67 

RD RBA RF IVI 

8 .05 0.90 4.11 13 .06 

0 .83 3.73 4 .11 8 .67 

2.29 2.33 4.11 8.72 

0.43 0 .65 2.28 3.36 

0 .86 0.42 2.28 3.56 

0 .07 0 .19 0.46 0 .71 

9 .88 6 .93 3.65 iO.46 

2.42 2.08 0.46 4.96 

5.90 8.27 7.31 21.48 

1.66 1.23 1.37 4.26 

16. 14 11 .83 7 .31 35.28 

9.25 5.61 5.02 19.88 

0 .30 0 .38 0.91 1.59 

0 .10 0 .08 0.46 0.64 

1.29 0.73 5.48 7 .50 

0.03 0.08 0.46 0.57 

3.84 2.52 0.46 6.82 

0 .36 0 .71 0 .91 1.99 

1.09 0.52 0.46 2.07 

10.24 4 .97 10.50 25.72 

0 .10 0 .08 0.46 0.64 

0.13 0.66 0.91 l. 71 

1.03 4.97 7 .31 13.31 

1.92 3 .42 5.48 10.82 

1.79 1.83 6 .85 10.47 

12.76 6.40 4.11 23.28 

0.36 1.46 1.83 3.65 

6.86 27.03 10.96 44.85 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Table 3. Floristic composition in Bashla forest range at an elevation of 2400-
2mOm . 

.. 

Species Average BA/ha %F RD RBA RF IVI 
Dlha em1 

Trees 

Abies pindrow 116.67 134575.67 100.00 35.01 30.83 30.00 95 .83 

Picea smithiana 83.25 271086.83 100.00 24.98 62.10 30.00 117.08 

Pinus wallichiana 91.67 20161.50 100.00 27.51 4.62 30.00 62.13 

Cedrus deodara 41.67 10741.50 33.33 12.50 2.46 10.00 24.96 

Total 436565.50 

Shrubs 

Berberis aristata 188.00 · 2641.07 26.67 8.01 6.97 9.30 24.28 

Cotoneaster bacillaris 240.00 1492.53 26.67 10.22 3.94 9.30 23.46 

Daphne cannabina 106.67 974.40 13.33 4.54 2.57 4.65 11.76 

Desmodium eJegans 53.33 191.20 13.33 2.27 0.50 4.65 7.43 

Deutzia compacta 26.67 416.27 6.67 l.14 1.10 2.33 4.56 

Lonicera acuminata 346.67 6476.00 53.33 14.76 17.09 18.60 50.45 

Prinsepia utilis 53.33 409.60 13.33 2.27 1.08 4.65 8.00 

Rosa macrophylla 1093.33 22309.33 86.67 46.56 58.86 30.23 135.65 

Sarcococca saligna 53.33 212.53 13.33 2.27 0.56 4.65 7.48 

Viburnum cotinifolium 186.67 2779.47 33.33 7.95 7.33 11.63 26.91 

Total 37902.40 

(Cont.. .. ) 



I Average BA/ha 

Species DIha em' 
Herbs 

Adiantum venus/um 41222.22 355.56 

Agn'monia eupatorium 10000.00 1800.00 

Ajuga bracteosa 5277.78 3219.44 

Arisaema intennedium 7500.00 4441.67 

Aster albescem 1388.89 88.89 

Bistorta amplexicaulis 45833.33 7669.44 

Bup/eurum cando/Iii 2777.78 300.00 

Caiamintha umhrosa 1111.11 200.00 

C arpesium ce1'l7Uum 1666.67 155.56 

Cnicus argyraeanthus 3611.11 755.56 

CJnoglosswn glochicJjaJum 4166.67 752.78 

Cyperus aristatu.s 158055.56 14752.78 

Dichanthium annulatum 235555 .56 18366.67 

Desmodium elegans 3055.56 250.00 

Dryopleris nigropaJeacea 81944 .44 15527.78 

Origanum vulgare 2500.00 200.00 

Fragaria vesca 451388 .89 94958.33 

Golium aparine 116666.67 13247.22 

GaJinsogo parviflora 58055.56 1611.11 

Geranium wallichianum 9722.22 1263.89 

Hedera helix 1944.44 352.78 

Impatiens micranthemum 8333.33 2163.89 

Onychium conlignum 104444.44 6750.00 

Perotis lalifolia 109444.44 4400.00 

Polygonum vaccinifo!ium 833.33 88.89 

Prunella vulgaris 16944.44 3430.00 

Ranunculus adaxifolius 18888.89 1419.44 

Salvia glulinosa 13888.89 4422.22 

Seligenella spp. 12500.00 552.78 

Sirobi!anthes alatus 6944.44 733.33 

• Trifolium pralense 389444.44 43302.78 

VaJeriona jalanumsi 12500.00 7961.11 

Total 255493 .89 

o -Density 
F . Frequency 
RD - Relative density 
IVI - Importance value index 

·1. F 

J9.44 

30.56 

8.33 

30.56 

) 1.11 

47.22 

13.89 

2.78 

11.11 

13 .89 

5.56 

47.22 

41 .67 

8.33 

50.00 

2.78 

94 .44 

47.22 

5.56 

25.00 

2.78 

19.44 

19.44 

38.89 

2.78 

19.44 

19.44 

38.89 

5.56 

16.67 

66.67 

16.67 

- ..) , 

RD RBA RF 

2.43 0.14 2.48 

0.51 0.70 3.90 

0.27 1.26 1.06 

0.39 1.74 3.90 

0.07 0.03 1.42 

2.36 3.00 6.03 

0. 14 0. 12 1.77 

0.06 0.08 0.35 

0.09 0.06 1.42 

0.19 0.30 1.77 

0.21 0.29 0.71 

8. 13 5.77 6.03 

12. 12 7.19 5.32 

0. 16 0. 10 1.06 

4.22 6.08 6.38 

0.13 0.08 0.35 

23.22 37.17 12.06 

6.00 5.18 6.03 

2.99 0.63 0.71 

0.50 0.49 3.19 

0.10 0. 14 0.35 

0.43 0.85 2.48 

5.37 2.64 2.48 

5.63 1.72 4.96 

0.04 0.03 0.35 

0.87 1.34 2.48 

0.97 0.56 2.48 

0.71 1.73 4 .96 

0.64 0.22 0.71 

0.36 0.29 2.13 

20.04 16.95 8.51 

0.64 3.12 2.13 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 

IVI 

5.05 

5.12 

2.60 

6.03 

1.52 

11 .39 

2.03 

0.49 

1.57 

2.25 

1.22 

19.93 

24 .63 

1.32 

16.68 

0.56 

72.45 

17.22 

4.33 

4. 19 

0.59 

3.76 

10.50 

12.32 

0.43 

4.70 

4 .01 

7.41 

1.57 

2.77 

45 .50 

5.89 



Table 4. Floristic composition in Bashla forest range at an elevation of 2700-
3000m 

Species Average BAlha 
Dlha cm1 %F RD RBA RF IVI 

Trees 

Picea smilhiana 200.00 461168.25 100.00 80.00 94.46 42.86 217.32 

Abies pindrow 8.33 6698.67 33.33 3.33 1.37 14.29 18.99 

Taxus baccata 16.67 8194.33 33.33 6.67 1.68 14.29 22.63 

Pinus wallichiana 16.67 7019.25 33.33 6.67 1.44 14.29 22.39 

Prunus prostrata 8.33 5128.67 33.33 3.33 1.05 14.29 18.67 

Total 488209.17 

Shrubs 

Berberis aristala 80.00 241.87 20.00 5.45 1.65 10.00 17.10 

Cotoneaster bacillaris 106.67 1176.27 20.00 7.27 8.02 10.00 25.29 

-
Desmodium elegans 53.33 248.53 13.33 3.63 1.69 6.67 11.99 

Lonicera acuminala 188.00 1316.80 40.00 12.81 8.98 20.00 41 .79 

Rosa macrophy/la 906.67 8430.80 80.00 61.76 57.49 40.00 159.26 

Viburnum cotinifolium 133.33 3249.07 26.67 9.08 22.16 13 .33 44.57 

Total 14663.33 

(Cont.. . . ) 



Average BAlba 
Herbs Dlba cm1 

Adiantum venustum 47500.00 355.56 

Agrimonia eupatorium 3888.89 900.00 

Anapha/is busa 1666.67 400.00 

An'saema intemredium 6944.4·\ 3383.33 

Aster albeseem 3333.33 333.33 

Bistorta amplexieaulis 76111.11 7783.33 

Bupleurum candollii 1388.89 171.78 

Ca/amintha umbrosa 2222.22 400.00 

Carpesium cemuum 3055.56 600.00 

Agrosles spp .. 1111.11 1416.67 

Cynoglossum glochidiatum 3055.56 2700.00 

Cyperus aristatus 151111.11 17927.78 

Dryopteris nigropaleacea 36944.44 6375.00 

Onyehium eontignum 7500.00 805.56 

Fragaria vesca 230277.78 21866.67 

GaJium aparine 118611.11 8433.33 

Geranium wallichianum 4166.67 422.22 

Ganaphalium affine 833.33 88.89 

Habenaria peen'nata 2777.78 466.67 

Impatiens micranthemum 1944.44 552.78 

Iris kumaonensis 8333.33 4033.33 

Perotis loti/olia 33333.33 844.44 

Aeonogonum a/pinum 19444.44 6925.00 

Potentilla nepalensis 1388.89 316.67 

Ronunculus adoxifolius 5000.00 4250.00 

Roseoea capitola 21111.1] 7280.56 

Rumax nepalemis 1111.11 400.00 

Salvia glutinrua lllll.ll 5597.22 

Trifolium protense 85833.33 9133.33 

Urtica dioica 4722.22 2088.89 

Viola pi/osa 13888.89 12341 .67 

Total 128600.00 

D - Density 
F - Frequency 
RD - Relative density 

IVI - Importance value index 

·/.F 
11.1 \ 

13.89 

5.56 

38.89 

13.89 

50.00 

5.56 

5.56 

13.89 

2.78 

8.33 

38.89 

33.33 

2.78 

63.89 

58.33 

13.89 

2.78 

11.11 

5.56 

22.22 

19.44 

19.44 

11.1 1 

19.44 

25.00 

5.56 

33.33 

27.78 

8.33 

ILl 1 

RD RBA RF M 
5.22 0.28 1.84 7.34 

0.43 0.70 2.30 3.43 

0.18 0.3\ 0.92 1.42 

0.76 2.63 6.45 9.85 

0.37 0.26 2.30 2.93 

8.37 6.05 8.29 22.71 

0.15 0.14 0.92 1.21 

0.24 0.31 0.92 1.48 

0.34 0.47 2.30 3.11 

0.12 1.10 0.46 1.68 

0.34 2.10 1.38 3.82 

16.61 13.94 6.45 37.00 

4.06 4.96 5.53 14.55 

0.82 0.63 0.46 1. 91 

25.31 17.00 10.60 52.92 

}3.04 6.56 9.68 29.27 

0.46 0.33 2.30 3.09 

0.09 0.07 0.46 0.62 

0.31 0.36 1.84 2.51 

0.21 0.43 0.92 1.57 

0.92 3.14 3.69 7.74 

3.66 0.66 3.23 7.55 

2.14 5.38 3.23 10.75 

0.15 0.25 1.84 2.24 

0.55 3.30 3.23 7.08 

2.32 5.66 4.15 12.13 

0.12 0.31 0.92 1.35 

1.22 4.35 5.53 11.10 

9.44 7.10 4.61 21.15 

0.52 1.62 1.38 3.53 

1.53 9.60 1.84 12.97 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Experimental Results 

cm
2
1ha, relative density (80.00), relative frequency (42.86) and IVI (217.32). The 

lowest value for relative density 3.33 was recorded for both Abies pindrow and 

Prunus prostrata. Taxus baccata and Pinus wallichiana had equal relative density 

(6.67) and percentage frequency (33.33), while minimum basal area (5128.67 

cm
2
lha) and relatively 1.05% of the total basal was recorded for Prunus prostrate. 

Among 6 shrubs species Rosa macrophylla showed maximum value for 

basal area (8430.80 cm2Iha), percentage frequency (80%), relative density (61.76), 

relative basal area (57.49), relative frequency (40.00) and IVI (159.26), while 

Desmodium elegans with minimum value of IVI (11.99). The total basal area for 

shrub species in this elevation class was 14663.33 cm2lha. Among 31 herbs, 

Fragaria vesca showed maximum values 25.31,17.00,10.60 and 52.92 for relative 

density, relative basal area, relative frequency, and lVI, respectively. The next 

dominant species were Cyperus aristatus and Galium aparine with IVI values of 

37.00 and 29.27, respectively. The total basal area of the herbaceous vegetation was 

found to be 128600.0 cm2lha 

4.1.2 JUBBAL FOREST RANGE 

4.1.2a PB-I 

i) Elevation class 2100-2400 m 

In this elevation class 3 tree, 7 shrub and 18 herb species were observed, 

with total basal area of 326354.63, 6448.80 and 110112.50 cm
2
lha respectively 

(Table-5). Among trees maximum dominance was of Pinus wallichiana with IVI 

value of 124.63 followed by Picea smithiana (111.48), whereas minimum IVI 

(63.89) was observed in case of Cedrus deodara. Among shrub species maximum 

IVI (92.27) was found in case of Berberis aristata followed by Vlikstroemia 

canescens and Rosa macrophylla with IVI value of 77.46 and 61.27, respectively. 

The minimum IVI (10.91) was recorded for Rhamnus purpurens. In case of herbs, 

maximum dominance was found for Cyperus aristatus followed by Fragaria vesca 

and Dryopteris nigropaleacea with IVI of 44.55, 43.93 and 33.47, respectively. The 

lowest IVI value of 0.94 was of Rumax nepalensis. 

34 



Experimental Results 

ii) Elevation class 2400·2700 m 

The tabulated data for this elevation class of PB-I areas of Jubbal forest 

range (Table-6), showed that the maximum average density (237 .50) and relative 

density (52.78) for Picea smithiana, with 100% frequency and 65245.50 cm2/ha 

basal area but the maximum IVI (134.73) and basal area (142736.25 cm2/ha) 

contributing 65.29% to the total basal area of 218632.50 cm2/ha was recorded for 

Pinus wallichiana, whereas the minimum IVI (20.20) was recorded for Abies 

pindrow. 

Out of total 6 shrubs most dominant species was Lonicera angustifolia 

having highest value (103.03) of lVI, it also accounted for maximum average 

density (640 plantslha), basal area (4584.4 cm21ha), per cent frequency (70%), 

relative density (34.78), relative basal area (40.25) and relative frequency (28.0), 

with minimum presence of Coton1aster bacillaries. Among herb species most 

dominant species was Trifolium pratense followed by Fragaria vesca and Galium 

aparine with IVI value of 46.21,40.95 and 27.31, respectively, while rare species 

was Carpesium cernuum with lowest IVI of 0.98. 

iii) Elevation class 2700-3000 m 

From the data given in table-7 pertaining to elevation class 2700-3000 m in 

PB-I it is clear that the elevation class contained 3 tree, 6 shrub and 19 herb species. 

Among trees Abies pindrow was recorded for maximum dominance with an IVI of 

192.35 which was followed by Pic~a smithiana (75.88) and Pinus wallichiana 

(31.77), respectively. The total basal area for trees was 454152.95 cm2/ha with 

. ·f maximum contribution (65.27%) of Abies pindrow.Among shrubs, Viburnum 

cotinifolium was the most dominant followed by Cotoneaster bacillaris with an IVI of 

. 97.67 and 93.00, respectively. Out of the total basal area 21950.80 cm2/ha for shrubs 

the maximum contribution was of Cotoneaster microphylla (37.18%) followed by 

Cotoneaster bacillaris (30.50%) and Viburnum cotinifolium (26.83%). Amo~ herbs 

maximum dominance was observed for Fragaria vesca followed by Geranium 

wallichianum and Viola pilosa with IVI value 0[82.31, 43.91 and 30.93, respectively. 
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Table 5. Floristic comp()sition in JubbaJ forest range at an elevation of 2100-2400 m (PB-I) 

Average BAlha 
Species Dlha cm1 

Trees 

Picea smilhiana 200.00 152645.88 

Pinus wallichiana 362.50 112378.88 

Cedrus deodara 75.00 61329.88 

Total 326354.63 
Shrubs 

Berberis arislala 480.00 2226.80 

Cotoneaster baci/laris 160.00 594.80 

Lonicera acuminala 80.00 80.40 

Rhamnus purpurens 80.00 127.60 

Rosa macrophylla 200.00 2108.80 

Viburnum cotini[o[ium 40.00 384.00 

Wikstroem;a canescens 640.00 926.40 

Total 6448.80 
Herbs 

Adiantum venustum 18750.00 66.67 

Arisaema intermedium 4166.67 2425.00 

Bistorta amplexicaulis 7916.67 862.50 

Cyperus aristatus 202083.33 14529.17 

Dryopteris nigropaleacea 94166.67 16266.67 

Onychium contignum 94166.67 6204.17 

Fragaria vesca 146666.67 20350.00 

Galium aparine 42916.67 2245.83 

Geranium wallichianum 9583.33 995.83 

Hedera helix 87SO.00 666.67 

Impatiens micranthemum 7083.33 962.50 

Perotis lati/olia 91250.00 4458.33 

Prunella vulgaris 32916.67 S008.33 

Rumax nepaiensis 833.33 300.00 

Salvia glutinosa 4166.67 2154.17 

Strobi/anthes dalhousianus 50416.67 7216.67 

Trifolium pratense 87500.00 11545.83 

Viola spp. 35416.67 13654.17 
Total 110112.5 

D - Density 
F - Frequency 
RD - Relative density 

IVI - Importance value index 

O/OF 

100.00 

100.00 

100.00 

70.00 

30.00 

20.00 

10.00 

40.00 

10.00 

60.00 

8.33 

25.00 

20.83 

70.83 

62.50 

50.00 

70.83 

45.83 

25.00 

25.00 

12.50 

54.17 

45.83 

4.17 

20.83 

79.17 

29.17 

70.83 

RD RBA RF 

31.37 46.77 33.33 

56.86 34.43 33.33 

11.76 18.79 33.33 

28.57 34.53 29.17 

9.52 9.22 12.50 

4.76 1.25 8.33 

4.76 1.98 4.17 

11.90 32.70 16.67 

2.38 5.95 4.17 

38.10 14.37 25.00 

2.00 0.06 1.16 

0.44 2.38 3.47 

0.84 0.78 2.89 

21.53 13.20 9.83 

10.03 14.77 8.67 

10.03 5.63 6.94 

15.62 18.48 9.83 

4.57 2.04 6.36 

1.02 0.90 3.47 

0.93 0.61 3.47 

0.75 0.87 1.73 

9.72 4.05 7.51 

3.51 4.55 6.36 

0.09 0.27 0.58 

0.44 1.96 2.89 

5.37 6.55 10.98 

9.32 10.49 4.05 

3.77 12.40 9.83 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 

IVI 

111.48 

124.63 

63.89 

92.27 

31.25 

14.34 

10.91 

61.27 

12.50 

77.46 

3.21 

6.30 

4.52 

44.55 

33.47 

22.60 

43.93 

12.97 

5.39 

5.01 

3.36 

21.28 

14.41 

0.94 

5.29 

22.91 

23.85 

26.00 



Table 6. Floristic composition in Jubbal forest range at an elevation of 
2400-2700 m (PB-I) 

Average BAfha %F 
Species Dlha cm1 RD RBA RF IVI 

Trees 

Abies pindrow 12.5 1658.38 50 2.78 0.76 16.67 20.20 

Picea smithiana 237.5 65245.50 100 '52.78 29.84 33.33 115.95 

Pinus wallichiana 162.5 142736.25 100 36.11 65 .29 33 .33 134.73 

Cedrus deodara 37.5 8992.38 50 8.33 4.11 16.67 29.11 

Total 218632.51 

Shrubs 

Berberis aris/ala 280 676.4 50 15.22 5.94 20.00 41.16 

Cotoneaster bacillaris 80 414 10 4.35 3.63 4.00 11.98 

Lonicera angustifolia 640 4584.4 70 34.78 40.25 28.00 103.03 

Prinsepia utilis 80 464.8 20 4.35 4.08 8.00 16.43 

Rosa macrophylla 480 2524.4 60 26.09 22.16 24.00 72.25 

Viburnum cotinifoJium 280 2726.8 40 15.22 23.94 16.00 55.16 

Total 11390.8 

(Cont ... . ) 



Average BAlba 

Species Dlha cmJ 

Herbs 

Adenocaulon bicolor 2083 .33 166.67 

Adiantum venustum 15833 .33 266.67 

Anemone rivularis 833.33 300.00 

Arisaema intermedium 5416.67 3300.00 

Carpesium cernuum 416.67 133.33 

Cyperus aristatus 51250.00 3070.83 

Dichanthium annulatum 7500.00 166.67 

Elsholtzia flova 11250.00 8037.50 

Dryopteris nigropaleacea 25416.67 3283 .33 

Onychium contignum 24583 .33 2487.50 

Fragaria vesca 119583.33 8591.67 

Galium aparine ,. 86250.00 5275.00 

Geranium wallichianum 10833.33 1033.33 

Halenia elliptica 1250.00 133.33 

Hedera helix 4583 .33 266.67 

impatiens sulcata 2916.67 300.00 

Oxa/is cornicu/ata 36666.67 733 .33 

Perotis 14166.67 641.67 

Prunella vulgaris 14166.67 2208.33 

Rumax nepalensis 10000.00 6804.17 

Salvia glutinosa 4166.67 2020.83 

Senecio chrysanthemoides 1250.00 166.67 

Strobi lanthes dalhousianus 6666.67 829.17 

Trifolium pretense 136250.00 1<5245.83 

Urtica dioica 17500.00 10637.50 

VioLa spp. 20416.67 10612.50 

Total 87712.5 

D - Density 
F . Frequency 
RD - Relative density 
IVl - Importance value index 

%F 

8.33 

8.33 

4.17 

25.00 

4.17 

29. ]7 

8.33 

33.33 

29.17 

12.S0 

66.67 

41.67 

33.33 

4.17 

12.50 

4.17 

12.50 

12.50 

41.67 

25.00 

20.83 

8.33 

8.33 

33.33 

29.17 

29.17 

RD RBA RF IYI 

0.33 0 .19 1.53 2.05 

2.51 0.30 1.53 4.34 

0 .13 0.34 0 .76 1.24 

0 .86 3.76 4.58 9.20 

0.07 0 .15 0 .76 0.98 

8.12 3.50 5.34 16.96 

1.19 0.19 1.53 2.90 

1.78 9.16 6.11 17.05 

4.03 3.74 5.34 13 .11 

3.89 2.84 2.29 9.02 

18.94 9.80 12.21 40.95 

13 .66 6.01 7.63 27.31 

1.72 1.18 6.11 9.00 

0 .20 0 .15 0.76 1.11 

0.73 0.30 2.29 3.32 

0 .46 0 .34 0.76 1.57 

5.81 0.84 2.29 8.93 

2.24 0 .73 2.29 5.27 

2.24 2.52 7.63 12.40 

1.58 7 .76 4.58 13.92 

0.66 2.30 3.82 6 .78 

0.20 0.19 1.53 1.91 

1.06 0.95 1.53 3.53 

21 .58 18.52 6 .11 46.21 

2.77 12.13 5.34 20.24 

3.23 12.10 5.34 20.68 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Table 7. Floristic composition in Jubbal forest range at an elevation -2700-3000 m (PB-l) 

Sj)ccies 
Average BAlha 

D/ha cm1 

Trees 
Abies pindrow 462.50 296406.75 

Picea smithiana 112.50 145922.07 

Pinus wallichiana 25.00 11824.13 

Total 454152.95 

Shrubs 
Berberis aristata 160.00 200.80 

Cotoneaster bacilfaris 640.00 6694.80 

Cotoneaster microphylla 160.00 8161.60 

Lonicera angustifolia 80.00 130.40 

Rosa macrophylla 160.00 872.80 

Viburnum cotinifo/;um 720.00 5890.40 

Total 21950.8 

Herbs 
Adenoeaulon hieolor 3333.33 466.67 

Adiantum venustum 8750.00 166.67 

Selinum tenuifolium 17500.00 1629.17 

Arisaema intermedium 6666.67 2516.67 

Carpesium cernuum 1666.67 166.67 

Cyperus aristatus lOS33.33 466.67 

Dichanthium annulatum 6250.00 166.67 

Dryopteris nigropaleaeea 15000.00 1033.33 

Onychium contignum 21250.00 2337.50 

Fragaria vesca 162500.00 12037.50 

Geranium wallichianum 20416.67 15295.83 

Halenia elliptica 10833.33 1895.83 

Prunella vulgaris 3750.00 400.00 

Rumax hastatus 3750.00 1958.33 

Salvia glutinosa 1250.00 562.50 

Senecio chrysanthemoides 3750.00 1033.33 

Trifolium pretense 33333.33 2029.17 

Viola pilosa 21250.00 9416.67 

Viola spp. 6666.67 2637.50 

Total 56216.67 

D - Denslty 
F - Frequency 
RD - Relative density 

IVI - Importance value index 

%F 

100 

50 

50 

20.00 

70.00 

20.00 

20.00 

30.00 

80.00 

12.50 

8.33 

45.83 

29.17 

8.33 

12.50 

8.33 

25.00 

12.50 

70.83 

50.00 

33.33 

12.50 

16.67 

8.33 

25.00 

20.83 

37.50 

16.67 

RD RBA RF IVI 

77.08 65.27 50 192.35 

18.75 32.13 25 

4.17 2.60 25 

8.33 0.91 8.33 

33.33 30.50 29.17 

8.33 37.18 8.33 

4.17 0.59 8.33 

8.33 3.98 12.50 

37.50 26.83 33.33 

0.93 0.83 2.75 

2.44 0.30 1.83 

4.88 2.90 10.09 

1.86 4.48 6.42 

0.46 0.30 1.83 

3.02 0.83 2.75 

1.74 0.30 1.83 

4.1S 1.84 5.50 

5.92 4.16 2.75 

45.30 21.41 15.60 

5.69 27.21 11 .01 

3.02 3.37 7.34 

1.05 0.71 2.75 

1.05 3.48 3.67 

0.35 1.00 1.S3 

1.05 1.84 5.50 

9.29 3.61 4.59 

5.92 16.75 8.26 

1.86 4.69 3.67 

BA - Basal area 
RF • Relative frequency 
RBA - Relative basal area 

75.88 

31.77 

17.58 

93.00 

53 .85 

13 .09 

24.81 

97.67 

4 .51 

4.57 

17.87 

12.76 

2.60 

6.60 

3.87 

11.52 

12.83 

82.31 

43.91 

13 .73 

4.51 

8.20 

3.18 

8.39 

17.49 

30.93 

10.22 



Experimental Results 

The total basal area for all the herbs was found to be 56216.67 cm2/ha with maximum 

contribution of Geranium wallichianum (27.21%) followed by Fragaria vesca 

(21.41 %). 

4.1.2b PB-U (Unalloted) 

i) Elevation class 2100-2400 m 

Table-8 represents the floristic composition in PB-U area in Jubbal forest 

range for 2100-2400m elevation class which reveals that among three tree species 

Picea smithiana was dOminating with maximum IVI value (151.20) followed by 

Cedrus deodara (88.55), whereas, minimum IVI value (60.25) for Pinus 

wallichiana, similar pattern was observed for these species related to density and 

basal area, however frequency for all the species was equal. 

Out of total eight shrub species maximum IVI was recorded for Berberis 

aristata (77.98), although relative basal area was recorded maximum for Rosa 

moschata which was second dominant species in the area with IVI value of 51 .23. 

Moreover, the least dominant was Cotorzeaster microphylla with 8.77 IVI value, 

which was due to lowest frequency, density and basal area Among eighteen herb 

species recorded in the area maximum IVI (49.60) was found in case of Cyperus 

aristatus with relative density of 23.70, which was followed by Viola spp. with lVI, 

relative frequency and relative basal area of 44.28, 11.36 and 25.34, respectively. 

However, minimum IVI (1.60) was recorded of Bistorta amplexicaulis. 

ii) Elevation class 2400-2700 m 

Table-9 pertaining to PB-U in elevation class 2400-2700m in Jubbal forest 

range indicated that Picea smithiana was dominant among five tree species with 

value 95.72 of IVI, followed by Pinus wallichiana (79.46), however both species 

showed equal value for relative density (33.33) and relative frequency (22.22), 

whereas Juglans regia was found as associated species with minimwn value for 

these parameters. The total basal area of the trees was 310085.38 cm
2
lha Among 

four shrubs most dominant species was Viburnum cotinifolium having highest value 
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Experimental Results 

(148.65) of IVI followed by Rosa macrophylla (108.38), while minimum (15.96) 

IVI was of Berberis aristata. 

Among twenty three herb species recorded in the area the most dominant 

species on the basis of IVI was Fragaria vesca (52.85) followed by Trifolium 

pratense (30.72), however maximum basal area was found i~ case of Arisaema 

intermedium (10929.17 cm2lba), whereas, Dichanthium annuLatum encountered 

minimum with IVI value of (1.47). 

iii) Elevation class 2700-3000m 

Table-10 shows the floristic composition of trees, shrubs and herbs for 

elevation class 2700-3000 min PB-U areas of Jubbal forest range, where only two 

tree species were recorded namely Abies pindrow and Picea smithiana with IVI 

value 261.05 and 38.95 respectively, which reveals that Abies pindrow was almost in 

pure fonn with 902810.00 cm21 ha of basal area Among four shrub species 

maximum IVl was recorded for Viburnum cotinifolium i.e. 157 .61 and was followed 

by Skimmia anquetilia with 108.25 lVI, this species was also recorded for maximum 

basal area (8996.80 cm2Iba). However, the most rare species in this area was 

Berberis arislata with 28 .8 cm2lba basal area out of the total basal area of 14224.0 

cm2/ha of all the shrub species. 

Out of the twenty two herbs Fragaria vesca was the most dominant species 

with 56.44, lVI, 13.29, relative frequency and 26.49 relative density followed by 

Viola spp .. in dominance on the basis of lVI, which was 37.39. The relative basal 

· ·f area was recorded maximum 25.07% for Viola spp. out of total basal area of 

69908.33 cm2lba 

4.1..3 KOTHKHAI FOREST RANGE 

4.1.3a PB-I 

i) Elevation class 2100-2400 m 

In case of PB-I (Table-ll) for an elevation class 2100-2400m in Kotkhai 

range the results related to floristic composition revealed that maximum average 
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Table 8. Floristic composition in Jubbal forest range at an elevation of 2100-2400 m 
(PH-U) 

Average BAlha 
Specie. Dlha cm1 

Trees 
Picea smilhiana 337.50 183926.00 
Pinus wallichiana 100.00 30606.00 
Cedrus deodara 162.50 83965.75 
Total 298497.75 

Shrubs 
Berberis aris/ala 400.00 914.40 
Cotoneaster bacillaris 120.00 283.60 
Cotoneaster microphylla 40.00 48.80 
Lonicera anguslifolia 240.00 226.40 
Prinsepia utilis 40.00 113.20 
Rosa macrophyfla 200.00 767.60 
Rosa moschata 40.00 1990.40 
Wi/cstroemia canescens 280.00 228.40 

Total 4572.8 
Herbs 

Adiantum venwtum 21250.00 66.67 

Dryoptem nigropaleacea 80416.67 10283.33 

Arisaema intermedium 6250.00 2787.50 

Bistorta amplexicauJis 2500.00 208.33 

Cyperlls aristatus 219166.67 23795.83 

Dichanthium annulatum 12500.00 433.33 

Fragaria vesca 90000.00 9291.67 

Galium aparine 95000.00 6166.67 

Geranium walJichianum 39166.67 2400.00 

Hedera helix 27500.00 2000.00 

Onychium contignum 65000.00 4033.33 

Perotis 72083.33 3166.67 

Pnmella vulgaris 7916.67 995.83 

Salvia glutinosa 2083.33 962.50 

Strobilanthe.s dalhcwianus 90416.67 11883.33 

Trifolium pralense 15000.00 1058.33 

Vialaspp. 70000.00 27516.67 

Miscellaneous species 8333 .33 1525.00 

Total I 108575.00 

D - Density 
F - Frequency 
RD - Relative density 

IV1 - Importance value index 

%F 

100.00 
100.00 
100.00 

60.00 
20.00 
10.00 

40.00 
10.00 
30.00 

10.00 
30.00 

8.33 

54.17 

29.17 

8.33 

29.11 

8.33 

54.11 

79.17 

66.67 

SO.OO 

58.33 

62.50 

25.00 

8.33 

70.83 

8.33 

83.33 

29.17 

RD RBA RF IVI 

56.25 61.62 33.33 151.20 
16.67 10.25 33.33 60.25 
27.08 28.13 33.33 88.55 

29.41 20.00 28.57 77.98 
8.82 6.20 9.52 24.55 
2.94 1.07 4.76 8.77 

17.65 4.95 19.05 41.65 
2.94 2.48 4.76 10.18 

14.71 16.79 14.29 45.78 
2.94 43.53 4.76 51.23 

20.59 4.99 14.29 39.87 

2.30 0.06 1.14 3.50 

8.70 9.47 7.39 25.55 

0.68 2.57 3.98 7.22 

0.27 0.19 1.14 1.60 

23.70 21.92 3.98 49.60 

1.35 0.40 1.14 2.89 

9.73 8.56 7.39 25.68 

10.27 5.68 10.80 26.75 

4.24 2.21 9.09 15.54 

2.97 1.84 6.82 11.63 

7.03 3.71 7.95 18.70 

7.80 2.92 8.52 19.24 

0.86 0.92 3.41 5.18 

0.23 0.89 1.14 2.25 

9.78 10.94 9.66 30.38 

1.62 0.97 1.14 3.73 

7.57 25.34 11.36 44.28 

0.90 1.40 3.98 6.28 

BA - Basal area 
RF - Relaili-e frequency 
RBA - Relative basal area 

i 



Table 9. Floristic composition in Jubbal forest range at an elevation of 2400-
2700 m (PB-U) 

Average BA/ha 
Species Dlha cm1 %F RD RBA RF IVI 

Trees 

Picea smithiana 87.50 124540.50 100.00 33.33 40.16 22.22 95.72 

Pinus wallichiana 87.50 74123.75 100.00 33.33 23.90 22.22 79.46 

Cedrus deodara 37.50 36198.38 100.00 14.29 11.67 22.22 48.18 

Prunus prostrata 37.50 63879.50 100.00 14.29 20.60 22.22 57.11 

Jug/ans regia 12.50 11343.25 50.00 4.76 3.66 11.11 19.53 

Total '310085 .38 

Shrubs 

Berberis aristata 80 92.4 20 4.88 0.55 10.53 15.96 

Lonicera angustijoJia 160 1124.4 20 9.76 6.74 10.53 27.02 

Rosa macrophyl/a 800 3798.4 . 70 48.78 22.75 36.84 108.38 

Viburnwn cotinijoJium 600 11678.8 80 36.59 69.96 42.11 148.65 

Total 16694 

(Cont.. .. ) 



- ! 
Average 

Species 
Dfba 

Adenocau1oo bieolor 
6666.67 

Adiantum venustum 
80833.33 

10833.33 
Agrimonia eupatorium 

2916.67 
Selinum tenuifolium 

Arisaema inlermedium 
11666.67 

Bistorta amp/exicaulis 
1666.67 

Cyperus aristatus 
48333.33 

Dichanthium annulatum 3333.33 

Dryopleris nigropa/eacea 32500.00 

Onychium contignum 44166.67 

Fragaria vesca 145416.67 

GaUam apaline 36666.67 

Geranium wallichianum 8750.00 

Ha/enia elliptica 5833.33 

Hedera helix 5833.33 

Oxalis comicuJata 47916.67 

Pnmella vulgan's 12916.67 

Rumax nepa/ensis 2500.00 

Salvia glutinosa 4166.67 

Senecio chrysanthemoides 2500.00 

Trifolium pmtense 94583 .33 

Urtica dioica 5000.00 

Violaspp. 13333.33 

Total 

, ·f • DenSity 
- Frequency 
- Relative density 

D 
F 
RD 
IVI "- Importance value index 

, 
"f " 
~:.:.~ 

, ' .. , . 
. ' ., :' 

.:.,. "" . . . ,. J: 
•. :"P:.' , .",. )' 
.. '. ~' · · ·' ;t· ~ .. :; ~.J 

-, BAlha 1 
cmJ "IoF I 
Herbs 

800.00 20.83 

1095.83 16.67 

2725.00 20.83 

158.33 16.67 

10929.17 41 .67 

600.00 8.33 

2833.33 20.83 

133.33 4.17 

4383.33 33.33 

3283.33 16.67 

9175.00 87.50 

3370.83 45.83 

1358.33 12.50 

800.00 25.00 

866.67 16.67 

1033.33 16.67 

2158.33 33.33 

962.50 12.50 

2716.67 20.83 

566.67 12.50 

5804.17 37.50 

2187.50 12.50 

5870.83 37.50 

63812.5 

I RBA I I RD 
RF IVI 

1.25 3.65 5 .96 
1.06 

12.86 1.72 2.92 17.50 

1.72 4.27 3 .65 9 .64 

0.46 0.25 2 .92 3.63 

1.86 17.13 7.30 26.28 

0.27 0 .94 1.46 2.67 

7.69 4.44 3.65 15 .78 

0.53 0.21 0.73 1.47 

5.17 6.87 5 .84 17 .88 

7.03 5.15 2 .92 15.09 

23.14 14.38 15.33 52.85 

5.84 5.28 8.03 19.15 

1.39 2.13 2 .19 5.71 

0.93 1.25 4.38 6.56 

0.93 1.36 2 .92 5.21 

7.63 1.62 2.92 12.17 

2.06 3.38 5.84 11.28 

0.40 1.51 2 .19 4.10 

0.66 4.26 3.65 R.57 

0.40 0 .89 2.19 3,48 

15.05 9.10 6 .57 30.72 

0.80 3.43 2.19 6.41 

2.12 9.20 6.57 17.89 

BA - Basal area 
RF • Relative frequency 
REA - Relative basal area 



TablelO. Floristic composition in Jubbal forest range at an elevation of 2700-
3000 m (PB-V) 

Average BAlha 
Species D/ha cm1 %F RD RBA RF IVI 

Trees 

Abies pindrow 525.00 873127.13 100.00 97.67 96.71 66.67 261.05 

Picea smithiana 12.50 29682.88 50.00 2.33 3.29 33.33 38.95 

Total 902810.00 

Shrubs 

Berberis aristata 40 28.8 10 6.25 0.20 10 16.45 

Cotoneaster microphylla 40 204 10 6.25 1.43 10 17.68 

Skimmia anquetiJia 160 8996.8 20 25 63.25 20 108.25 

Viburnum cotinifolium 400 4994.4 60 62.5 35.1 I 60 157.61 

Total 14224 



Average BAlba 

Species Dfba cm1 

Herbs 

AdenocoulUl bicolor 6250.00 1229.17 

Adiantum Wl'lustum 55833.33 733.33 

Selil'lum tenuifolium ) 1666.67 1562.50 

Dryopten's nigropaleacea 16666.67 1229.17 

An'saema intennedium 14166.67 '8700.00 

Bistorta amplexicaulis 6250.00 1095.83 

Carpesium cemuwn 833 .33 133.33 

CypenLS aristatus 27916.67 1200.00 

Fragaria vesca 146250.00 11645.83 

Galium aparine 47083.33 2562.50 

Geranium waUichianum 15833 33 1962.50 

Halenia elliptica 12916.67 1733.33 

H edera helix 1250.00 133.33 

Perotis lati/olia 7916.67 300.00 

Prunella vulgaris 8750.00 1066.67 

Rumax hastatus 6666.67 4208.33 

Salvia glutinosa 833 .33 266.67 

Selinwn tenuifolium 59166.67 2391 .67 

Senecio chrysanthemoides 13750.00 55S7.50 

Tnfolium pratense 51250.00 3079.17 
'f 
Violaspp. 29583.33 17525.00 

Miscellanoous species 11250.00 1562.50 

Total 69908.33 

D - Density 
F - Frequency 
RD - Relative density 

IVI - Importance value index 

0/0 F 

20.83 

)2 .50 

37.50 

20.83 

54.17 

25 .00 

4.17 

25.00 

87.50 

41.67 

33.33 

50.00 

4.17 

4.17 

20.83 

33.33 

8.33 

29.17 

54.17 

29.17 

45.83 

16.67 

RD RBA RF IV1 

1.13 1.76 3. }6 6.05 

) 0.11 1.05 1.90 13 .06 

2.11 2.24 5.70 10.04 

3.02 1.76 3. 16 7.94 

2.57 12.44 8 .23 23 .24 

1.13 1.57 3.80 6.50 

0.15 0.19 0.63 0.97 

5.06 1.72 3.80 10.57 

26.49 16.66 13.29 56.44 

8.53 3.67 6.33 18.52 

2.87 2.81 5.06 10.74 

2.34 2.48 7 .59 12.41 

0.23 0.19 0 .63 1.05 

1.43 0.43 0.63 2.50 

1.58 1.53 3.16 6.28 

1.21 6.02 506 12.29 

0.15 0.38 1.27 1.80 

10.72 3.42 4.43 18.57 

2.49 7.99 8.23 18.71 

9.28 4.40 4.43 18.12 

5.36 25.07 6.96 37.39 

2.04 2.24 2.53 6 .80 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Table ll. Floristic composition in Kotkhai forest range at an elevation of 2100-
2400 m (P8-1) 

Average BAlha 
Species D/ha cm1 %F RD RBA RF IVI 

Trees 

Picea smithiana 37.50 87625.75 100.00 15.00 38.66 28.57 82.23 

Quercus spp. 112.50 119496.75 100.00 45.00 52.72 28.57 126.29 

Taxus baccata 37.50 9714.50 50.00 15.00 4.29 14.29 33.57 

Cedrus deodara 25.00 3071.38 50.00 10.00 1.35 14.29 25.64 

Pinus waJJichiana 37.50 6774.50 50.00 15.00 2.99 14.29 32.27 

Total 226682.88 

Shrubs 

Berberis arislala 440.00 929.60 70.00 42.31 5.57 43.75 91 .62 

Daphne cannabina 160.00 490.40 20.00 15.38 2.94 12.50 30.82 

Lonicera angustifolia 80.00 235.60 10.00 7.69 1.41 6.25 15.35 

Prinsepia utilis 120.00 6261.20 30.00 11.54 37.49 18.75 67.77 

Viburnum cotimfolium 240.00 8786.00 30.00 23 .08 52.60 18.75 94.43 

Total 16702.80 

(Cont .... ) 

• 



Species I Average I 
Dlha 

Adiantum venusturn 65833 .33 

Agrimonia eupatorium 29166.67 

Dryopteris nigropaJeacea 15833.33 

Arisaema intennedium 5000.00 

Bistorta amp/exicaulis ]5833.33 

Bistorta spp. 107916.67 

Fragaria vesca 177916.67 

Galium aparine 104583.33 

Geranium wallichianum 3750.00 

Halenia e//iptica 2500.00 

Hedera helix - 3333 .33 

Impatiens sulcata 5416.67 

Onychium contignum 37500.00 

Perotis lati/olia 32500.00 

Prunella vulgaris 17500.00 

Rumcix hastatus 2083.33 

Salvia glutinosa 21250.00 

Strobilanthes dalhousianus 34583.33 

Trifolium pralense 44166.67 

Urtica dioica 2916.67 

Violaspp. 28333.33 

Total 

D - Density 
F - Frequency 
RD - Relative density 
IVI - Importance value index 

I • 

BAlha 
cm1 

Herbs 

733 .33 

6204.17 

2487.50 

2187.50 

2095 .83 

7829.17 

16958.33 

12837.50 

433.33 

266.67 

300.00 

937.50 

3845.83 

1304.17 

1758.33 

1358.33 

10175.00 

5833 .33 

2391 .67 

1262.50 

10895.83 

92095.83 

I %F I 
12.50 

50.00 

16.67 

20.83 

33.33 

41.67 

75.00 

50.00 

8.33 

8.33 

12.50 

20.83 

8.33 

25.00 

29.17 

8.33 

58.33 

33.33 

20.83 

12.50 

45.83 

RD RBA RF IVI 

8.69 0.80 2.] ] ] 1.60 

3.85 6.74 8.45 19.04 

2.09 2.70 2.82 1.61 

0.66 2.38 3.52 6.56 

2.09 2.28 5.63 10.00 

14.24 8.50 7.04 29.78 

23 .47 18.41 12.68 54 .56 

13.80 13.94 8.45 36.19 

0.49 0.47 1.41 2.37 

0.33 0.29 1.41 2.03 

0.44 0.33 2.11 2.88 

0.71 1.02 3.52 5.25 

4.95 4.18 1.41 10.53 

4.29 1.42 4.23 9.93 

2.31 1.91 4.93 9.15 

0.27 1.47 1.41 3.16 

2.80 11.05 9.86 23.71 

4.56 6.33 5.63 16.53 

5.83 2.60 3.52 11 95 

0.38 1.37 2.11 3.87 

3.74 11.83 7.75 23.32 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Experimental Results 

density (1 12.50/ha), basal area (119496.75 cm2/ha), relative density (45.00), relative 

basal area of 52.72 and IVI (126.29) was recorded for Quercus spp. followed by 

Picea smithiana with an IVI of 82.23. Cedrus deodara was associated with lower 

value for these parameters. The total basal area for trees was 226682.88 cm2/ha with 

maximum contribution of Quercus spp. 

Out of total 5 shrub' species the dominant species based on M was Viburnum 

cotinifolium (94.43) followed by Berberis aristata (91.62). Whereas Lonicer~ 

angustifolia showed lowest IVI (15.35). Ar~long 31 herb species recorded in the area 

Fragaria vesca was the dominant followed by Bistorta spp. and Salvia glutinosa 

with IVI 54.56, 29.78 and 23.71, respectively. The minimum value for IVI was for 

Halenia e/Uptica (2.03). 

ii) Elevation class 2400-2700 m 

The data in table-12 pertaining to PB-I for Kotkhai range revealed the 

presence of 7 trees, 2 shrubs and 20 herb species. The maximum dominance was 

observed of Abies pindrow among trees with IVI as 83.01 followed by Quercus 

spp .. , Pinus wallichiana and Picea smithiana with IVI value of 78.04, 31.59 and 

30.43, respectively, whereas least value (18.86) was recorded for Tams bacoota. 

Among shrub species Viburnum cotinifolium was the dominant species with respect 

to Berberis aristata with IVI value of 232.36 and 67.64, respectively. In case of 

herbs maximum dominance was observed for Fragaria vesca followed by Cyperus 

aristatus and Galium aparine with 72.35, 27.89 and 25.82 lVI, respectively, while 

Carpesium cernuum and Geranium wallichianum were having equal and lowest 

value (0.89) of IVI. 

iii) Elevation class 2700-3000 m 

The phytosociologicaI data presented (Table-l3) for Kotkhai in PB-I areas 

indicated the presence of two tree species Abies pindrow and Quercus spp. with 

93.22 and 106.78 IVI value. The total basal area for tree species was recorded to be 

357048.38 cm2/ha with 73.53% contribution for Abies pindrow. 
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Experimental Results 

In case of shrubs the phytosociological attributes revealed that Berberis 

aristata with lVI value of 94.28 as the dominant species followed by Rosa 

macrophylla, Lonicera angustifolia and Viburnum cotinifolium with IVI value of 

70.64, 63 .07 and 51.66, respectively. In case of herbs Fragaria vesca showed 

maximum dominance followed by Galium aparine with IVI of 99.19 and 48.53, 

respectively. Rwnax hastatus was reported for lowest M (1 .15). The total basal area of 

the herbs was reported to be 59383.33 cm2/ha 

4.1.3b PB~U (Unalloted) 

i) Elevation class 2100~2400 m 

The table-l 4 represented the phytosociological data for Kotkhai forest range 

for elevation class 2100-2400 m in PB-U and reveals that out of 3 tree species 

present, the habitat was dominated by Pinus wallichiana followed by Quercus spp .. 

with 213.10 and 57.34 IVl value, respectively. Whereas the lowest value for IVI was 

recorded for Picea smithiana (29.56). Among total 4 shrub species in the area 

Prinsepia utilis was dominating followed by Daphne cannabina with IVI of 129.07 

and 103.81, respectively. The lowest value for IVI was recorded for Rosa 

macrophylla (10.87) due to lowest values for relative frequency, relative density and 

relative basal area Among 23 herb species present in the area, it was found that 

Cyperus aristatus was the dominant species followed by Galium aparine and 

Fragaria vesca with 81.92, 24.39 and 20.04 lVI, respectively. The lowest IVI value 

of 1.26 was recorded for Urtica dioica. 

-ti) Elevation class 2400-2700 m 

In this elevation class in PB-U for Kotkhai forest range the result in table 15 

revealed that among 3 tree species Cedrus deodara had maximum average density 

(275 tr~es/ha), basal area (182720.0 cm2/ha), relative density (52.38), relative basal 

area (6l.91)and IVI (147.62). The other two species present Picea smith/ana and 

Pinus wallichiana had IVI 80.60 and 7l.78, respectively. All the species present in the 

area represented equal relative frequency of33.33%. The total basal area for the trees 

was 295147.88 cm
2
/ha with maximum contribution of61.91% by Cedrus deodara . 
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Table 12. Floristic composition in Kotkhai forest range at an elevation of 2400-
2700 m (PB-I) 

Average BA/ha 
Species Dlha m1 %F RD RBA RF IVI 

Trees 

Abies pindrow 150.00 73378.25 50.00 42.86 25 .87 14.29 83 .01 

Picea smithiana 25 .00 25522.38 50.00 7.14 9.00 14.29 30.43 

Quercus spp. 
~ 

100.00 99803.13 50.00 28.57 35.19 14.29 78.04 

Cedrus deodara 25.00 18378.88 50.00 7.14 6.48 14.29 27.91 

Taxus baccala 12.50 2835.88 50.00 3.57 1.00 14.29 18.86 

Jug/ans regia 25.00 24776.63 50.00 7.14 8.74 14.29 30.16 

Pinus wallichiana 12.50 38945.88 50.00 3.57 13.73 14.29 31.59 

Total 283641.00 

Shrubs 

Viburnum cotinifolium 360.00 5410.40 50.00 75.00 85.93 71.43 232.36 

Berberis aristata 120.00 885.60 20.00 25.00 14.07 28.57 67.64 

Total 6296.00 

(Cont.. .. ) 



Average ! BAlba 
Species D/ha m1 

Herbs 

Adiantum venus tum 95416.67 966.67 

Agrimonia eupatorium 13333.33 1829.17 

Arisaema intermedium 11666.67 7308.33 

Bistorta amplexicaulis 20000.00 2829.17 

Carpesium cernuum 833.33 133.33 

Cnicus argyraeanthur 833.33 529.17 

Cyperus arislatus 111250.00 8229.17 

Dryopteris nigropaJeacea 46250.00 4316.67 

Fragaria vesca 259583.33 31637.50 

Galium aparine 98750.00 7562.50 

Geranium wallichianum 833.33 133.33 

Impatiells sulcata 31250.00 5275.00 

Onychium contignum 84166.67 8862.50 

Phragmites carca 9166.67 2125.00 

Prunella vulgaris 2916.67 100.00 

Rumax haslatus 416.67 529.17 

Salvia glutinosa 17500.00 15662.50 

Trifolium pratense 9166.67 529.17 

Urtica diaica 
rr 

3333.33 2454.17 

Viola spp. 27500.00 11254.17 

Total 112266.67 

- .. 

D ~- Density 
F - Frequency 
RD - Relative density 

IVI - Importance value index 

%F 

66.67 

33 .33 

37.50 

41 .67 

4.17 

4.17 

45 .83 

29.17 

83.33 

45.83 

4.17 

66.67 

25 .00 

4.17 

12.50 

4.17 

50.00 

4.17 

8.33 

50.00 

RD RBA RF 

11.30 0.86 10.74 

1.58 1.63 5.37 

1.38 6.51 6 .04 

2.37 2.52 6 .71 

0.10 0 .12 0.67 

0.10 0 .47 0.67 

13 .18 7.33 7.38 

5.48 3.85 4.70 

30.75 28.18 13.42 

11.70 6.74 7.38 

0.10 0.12 0.67 

3.70 4.70 10.74 

9.97 7.89 4.03 

1.09 1.89 0.67 

0.35 0.09 2.01 

0.05 0.47 0.67 

2.07 13 .95 8.05 

1.09 0.47 0.67 

0.39 2. ] 9 1.34 

3.26 10.02 8.05 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 

(VI 

22.90 

8.58 

13 .93 

11 .60 

0.89 

1.24 

27 .89 

14.02 

72 .35 

25 .82 

0.89 

19.14 

21.89 

3.65 

2.45 

1.19 

24.08 

2.23 

3.92 

21 .34 



Table 13o Floristic compoSI°tion IOn K kh ot ai forest range at an elevation of 2700-
3000.m PB-l 

Species 
Average BAfha 

Dlha cm1 

Trees 
Abies pindrow 287.50 262524.25 
Quercus spp. 125.00 94524.13 
Total 357048.38 

Shrubs 
Rosa macrophylla 440.00 2092.80 
Lonicera angustifolia 360.00 1245.60 
Viburnum cotinifo/ium 280.00 2258.40 
Berberis aristata 320.00 5978.00 

Cotoneaster microphyJ/a 80.00 662.40 

Total 12237.20 

Herbs 

Ajuga bracteosa 2083.33 1358.33 

Anemone rivularis 8750.00 1066.67 

Selinum tenuifolium 29583.33 3054.17 

Dryopteris nigropaleacea 7500.00 829.17 

Arisaema intermedium 5833.33 3866.67 

Bistorta amplexicaulis I 5000.00 2691.67 

Carpesium cernuwn 1666.67 266.67 

Fragaria vesca 220833.33 20079.17 

Galium aparine . 110416.67 7162.50 

Geranium wallichianum . 10833.33 1537.50 

Halenia e/liptica 2916.67 529.17 

Hedera helix 2916.67 300.00 

PeroUs latifolia 2500.00 133.33 

Prunella vulgaris ,. 3750.00 900.00 

Rumax haslattlS 416.67 133.33 

Salvia glulinosa 4166.67 2566.67 

Trifolium pralense 28750.00 1129.17 

Viola pilosa .' 25000.00 8079.17 

Viola spp. 6666.67 3700.00 

Total 59383.33 

D - DenSIty 
F - Frequency 
RD - Relative density 

IVI - Importance value index 

%F 

100.00 

100.00 

50.00 

60.00 

30.00 

50.00 

20.00 

12.50 

37.50 

50.00 

4.17 

37.50 

16.67 

8.33 

95.83 

66.67 

29.17 

4.17 

12.50 

4.17 

12.50 

4.17 

12.50 

12.50 

50.00 

25 .00 

RD RBA RF IVI 

69.70 73.53 50.00 193 .22 

30.30 26.47 50.00 106.78 

29 .73 17.10 23.81 70.64 

24.32 10.18 28.57 63.07 

18.92 18.46 14.29 51.66 

21.62 48.85 23 .81 94.28 

5.41 5.41 9.52 20.34 

0.43 2.29 2.52 5.24 

1.82 1.80 7.56 11.18 

6.17 5.14 10.08 21.40 

1.56 1.40 0.84 3.80 

1.22 6.51 7.56 15.29 

1.04 4.53 3.36 8.94 

0.35 0.45 1.68 2.48 

46.05 33.81 19.33 99.19 

23.02 12.06 13.45 48.53 

2.26 2.59 5.88 10.73 

0.61 0.89 0.84 2.34 

0.61 0.51 2.52 3.63 

0.52 0.22 0.84 1.59 

0.78 1.52 2.52 4.82 

0.09 0.22 0.84 1.15 

0.87 4.32 2.52 7.71 

5.99 1.90 2.52 10.42 . 

5.21 13.61 10.08 28.90 

1.39 6.23 5.04 12.66 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Table 14. Floristic co ·f· ..... mposl Ion lD n.otkhai forest range at an elevation of 2100 2400 m (PH-V) -

Species 
Average BAlba 

Dlba cm1 

Trees 
Pinus wallichiana 262.50 273602.13 

Picea smithiana 12.50 1436.63 
Quercus spp. 25.00 86873.25 
Total 361912 

Shrubs 
Daphne cannabina 360.00 1666.00 

Prinsepia utilis . 360.00 5112.00 

Lonicera angustifolia 240.00 1172.40 

Rosa macrophylla . 40.00 79.60 

Total 8030 

Herbs 
Adenocau/on hic%r 3333.33 400.00 

Adiantum venus tum , 44583.33 466.67 

Agrimonia eupatorium 3750.00 962.50 

Dryopteris nigropaleacea 20416.67 3916.67 

Arisaema intennedium 10833.33 12108.33 

Bistorta amplexicaulis . 16250.00 1525.00 

Carpesium cernuum 2916.67 433 .33 

Cnicus argyraeanthus 1250.00 829.17 

Cyperus aristatus . 393333.33 36916.67 

Dichanthium annulatum . 18750.00 733.33 

Fragaria vesca • 83333.33 4183.33 

Galium aparine . 96666.67 6995.83 

Geranium waJJichianum ' 21666.67 3583.33 

Hedera helix 5416.67 700.00 

Onychium contignum 87500.00 7791.67 

Perotis lati/olia 67500.00 1866.67 

Prunella vulgaris ' 10416.67 1295.83 

Rumax hastatus 3750.00 2020.83 

Salvia glutinosa 6666.67 5133.33 

Strobilanthes dalhausianus 2916.67 266.67 

Trifolium pratense 80000.00 4279.17 

Urtica dioica 1250.00 529.17 

Viola spp . ... 40416.67 22612.50 

Total 119550 

D - DenSIty 
F - Frequency 
RD - Relative density 
IVI - Importance value index 

°10 F 

100.00 

50.00 

50.00 

80.00 

50.00 

30.00 

10.00 

12.50 

12.50 

12.50 

16.67 

33.33 

20.83 

8.33 

4.17 

75 .00 

12.50 

50.00 

54.17 

41.67 

16.67 

29.17 

37.50 

29.17 

16.67 

25 .00 

8.33 

33 .33 

4.17 

41 .67 

RD RBA RF IVI 

87.50 75.60 50.00 213 .10 

4.17 0.40 25.00 29.56 

8.33 24.00 25.00 57.34 

36.00 20.75 47.06 103 .81 

36.00 63 .66 29.41 129.07 

24.00 14.60 17.65 56.25 

4.00 0.99 5.88 10.87 

0.33 0.33 2.10 2.76 

4.36 0.39 2.10 6.85 

0.37 0 .81 2.10 3.27 

2.00 3.28 2.80 8.07 

1.06 10.13 5.59 16.78 

1.59 1.28 3.50 6.36 

0.29 0.36 1.40 2.05 

0.12 0.69 0.70 1.52 

38.45 30.88 12.59 81.92 

1.83 0.61 2.10 4.54 

8.15 3.50 8.39 20.04 

9.45 5.85 9.09 24.39 

2.12 3.00 6.99 12.11 

0 .53 0 .59 2.80 3.91 

8.55 6.52 4.90 19.97 

6.60 1.56 6.29 14.45 

1.02 1.08 4.90 7 .00 

0 .37 1.69 2.80 4.85 

0.65 4.29 4.20 9.14 

0.29 0.22 1.40 1.91 

7.82 3.58 5.59 16.99 

0.12 0.44 0.70 1.26 

3.95 18.91 6.99 29.86 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Table 15. Floristic comp 'r . K kh on IOn In ot ai forest range at an elev r a IOn 0 f 2400 2700 (pS-V) - m 

Species 
Average BAlba 

D/ha crn1 

Trees 
Picea smithiana 125.00 69221.38 
Cedrus deodara 275.00 182720.00 
Pinus walliehiana 125.00 43206.50 
Total 295147.88 

Shrubs 
Berberis aristata 80.00 159.20 
Cotoneaster mierophylla 800.00 2088.80 
Daphne eannabina 40.00 156.00 
Lonieera angustifolia 320.00 471 .20 
Prinsepia utilis 40.00 258.00 

Rosa macrophylla 360.00 380.40 
Total 3513.6 

Herbs 

Adenocaulon bieolor 9166.67 1400.00 

Adiantum venustum 71666.67 608.33 

Agrimonia eupatorium 3333.33 266.67 

Arisaema intennedium 7500.00 2983.33 

Bis/orla amplexicuJis 10833.33 1600.00 

Carpesium cernuum 5000.00 1166.67 

Cyperus aristatus 83750.00 3225.00 

Dichanthium annulatum 33750.00 1529.17 

Dryopteris nigropaleacea 30833.33 1791.67 

Fragaria vesca 148750.00 12754.17 

Galium aparine 95833.33 7950.00 

Geranium wallichianum 4166.67 466.67 

Halenia elliptica 13333.33 2270.83 

Hedera helix 8333.33 941.67 

Onychium eontignum 30833.33 2983.33 

Oxalis eorniculata 9583.33 133.33 

Perotis lati/olia 40416.67 1266.67 

Rumax nepalensis 2083.33 929.17 

Salvia glutinosa 6250.00 2945.83 

Selinum tenuifolium 5833.33 833.33 

Trifolium pratense . 80416.67 6529.17 

Urtica dioiea 833.33 433.33 

Viola spp. 46666.67 26229.17 

Miscellaneous species 2500.00 1129.17 

Total 82366.67 

D - DenSity 
F - Frequency 
RD - Relative density 
IVI - Importance value index 

0/0 F 

100.00 

100.00 

100.00 

20.00 

70.00 

10.00 

60.00 

10.00 

40.00 

210 

33.33 

20.83 

8.33 

37.50 

37.50 

20.83 

50.00 

25.00 

20.83 

66.67 

62.50 

12.50 

37.50 

33 .33 

16.67 

4.17 

29.17 

16.67 

20.83 

20.83 

33 .33 

8.33 

41.67 
8.33 

RD RBA RF IVI 

23.81 23.45 33.33 80.60 

52.38 61.91 33.33 147.62 

23.81 14.64 33.33 71.78 

4.88 4.53 9.52 18.93 

48.78 59.45 33 .33 141.56 

2.44 4.44 4.76 11 .64 

19.51 13.41 28.57 61.49 

2.44 7.34 4.76 14.54 

21.95 10.83 19.05 51.83 

1.22 1.70 5.00 7.92 

9.53 0.74 3.13 13.40 

0.44 0.32 1.25 2.02 

1.00 3.62 5.63 10.24 

1.44 1.94 5.63 9.01 

0.67 1.42 3.13 5.21 

11.14 3.92 7.50 22.56 

4.49 1.86 3.75 10.10 

4.10 2.18 3.13 9.40 

19.79 15.48 10.00 45.27 

12.75 9.65 9.38 31 .78 

0.55 0 .57 1.88 3.00 

1.77 2.76 5.63 10.16 

1. 11 1.14 5.00 7.25 

4.10 3.62 2.50 10.22 

1.27 0.16 0.63 2.06 

5.38 1.54 4.38 11.29 

0.28 1.13 2.50 3.91 

0.83 3.58 3.13 7.53 

0.78 1.01 3.13 4.91 

10.70 7.93 5.00 23 .63 

O. ll 0.53 1.25 1.89 

6.21 31.84 6.25 44.30 
0.33 1.37 1.25 2.95 

BA - Basal area 
RF - Relative frequency 
RBA - Relative basal area 



Experimental Results 

Among shrub species, most dominant species was Cotoneaster microphylla 

having highest value (141.56) for lVI, followed by Lonicera angustifolia (61.49) and 

Rosa macrophylla (51.83). The total basal area for shrub species was recorded to be 

3513.6 cm
2
/ha In case of herbs total number of species recorded were 24, out of which 

Fragaria vesca showed highest value for relative density (19.79), relative frequency 

(10.00) and M (45.27) followed by Viola spp .. with M value of 44.30, which showed 

maximUm basal area 26229.17 em 21ha out of the total 82366.67 cm2/ha to the tune of 

31.84% 

iii) Elevation Class 2700-3000 m 

Phytosociological data gi~eri in table 16 for different plant species under 

elevation class 2700-3000m in PB-U for Kotkhai shows the dominance for Abies 

pindrow among six tree species with IVI value (140.22),basal area (185724.13 crn2tlla 

average density of 187.51ha, whereas the minimum IVI of 18.56 was observed for 

Quercus spp .. The total basal area of tree species was recorded to be 322868.75 cm2/ha. 

The maximum IVI of 82.32 was re.corded for Viburnum cottnifolium followed 

by Berberis aristata (69.17) and Cotoneaster microphylla (63.89). Berberis artstala, 

Cotoneaster microphylla, Rosa macrophylla recorded same value for average density 

i.e. 160 plantslha And minimum (14.83) IVI was recorded in case of Sarcococca 

sa/igna. Total basal area recorded for all species was 16572.80 cm2Jha, where Viburnum 

cotinifolium showed the maximum basal area contribution of8118.00 cm2
/ha In case of 

herbs, 28 species were recorded, with maximum IVI of 71.22 accounted for Trifolium 

pratense due to high value for all the phytosociological parameters, followed by 

Fragaria vesca (54.24). The lowest IVI (0.91) was recorded for ImJXltiens sulcata. 

4.1.4 SIMILARITY INDEX 

4.14a BASHLA FOREST RANGE 

The data of number of species present in different elevations was used to find 

similarity among of trees, shrubs and herbs separately (Table-17). The similarity in 

vegetation calculated in percent was found to be 66.67% between lowest and the 

middle elevation class and the middle and the highest elevation class, while the 
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Experimental Results 

similarity between lowest and highest elevation class was 61.54
% 

in case of trees. In 

shrubs maximum similarity (95 .24%) was between lowest and middle elevation class 

foHowed by middle and highest elevation class (75%), whereas it was minimum 

(70.59%) between lowest and highest elevation class. And in herbs maximum 

similarity was between lowest and middle elevation class followed by lowest and 

highest elevation class and then middle and highest elevation class i.e. 66.67, 64.41 

, " 

and 63.49 per cent, respectively in Bashla forest range. 

4.1.4b JUBBAL FOREST RANGE 

In Jubbal forest range (Table-I 8) similarity for trees was equal in all elevation 

classes i.e. 66.67%, while in case of shrubs maximum similarity (76.92) was 

observed between middle and highest elevation class followed by lowest and middle 
.') 

elevation class (70.59%) and least in low~t x highest elevation class (66.67%). In 

case of herbs, the similarity of species between elevation classes was very narrowly 

different, which varied between 65.22 to 69.39 per cent. 

4.].4c KOTKHAI FOREST RANGE 

The data in table-19 referring to Kotkhai range shows that maxImum 

similarity in trees was found in elevation class 2400-2700m and 2700-3000 m 

followed by 2100-2400 x 2400-2700m and then 2100-2400 m and 2700-3000 m 

elevation class with respective values of 92.13, 83.33 and 72.73 per cent. In case of 

shrubs highest species similarity (92.31 %) was found between 2100-2400 m x 2400~ 

2700 m elevation class followed by 2400-2700m x 2700-3000 m elevation class 

(76.92%) and then by 2100-2400 m x 2700-3000 m elevation class (66.67%), 

whereas in case of herbs maximum similarity (85.71) was found between middle 

and highest elevation class followed by lowest and highest and then by lowest and 

iniddle elevation class with similarity of 80.70 and 79 31, respectively. 

4.1.5 SHANNON'S INDEX FOR DIVERSITY 

4.1.5a BASHLA FOREST RANGE 

To show the species richness the Shannon's diversity index was calculated 

from IVI value separately on the basis of elevation class for trees shrubs and herbs 
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Table 16. Floristic composition in Kotkhai forest range at an elevation of 2700-
3000 m (PB-U) 

Average BAlba 
Species Dlba cm1 %F RD RBA RF IVI 

Trees 
Abies pindrow 187.50 185724.13 100.00 57.69 57.52 25.00 140.22 
Picea smithiana 37.50 26299.38 100.00 11.54 8.15 25.00 44 .68 
Quercus spp. 12.50 7153.38 50.00 3.85 2.22 12.50 18.56 
Taxus baccata 50.00 38062.88 50.00 15.38 11 .79 12.50 39.67 
Juglans regia 12.50 9429.88 50.00 3.85 2.92 12.50 19.27 
Pinus wallichiana 25.00 56199.13 50.00 7.69 17.41 12.50 37.60 
Total 322868.75 

Shrubs 
Berberis an'stala 160.00 3637.20 I 30.00 22.22 21.95 25.00 69.17 

Cotoneaster microptrJlUa 160.00 4143.20 20.00 22.22 25.00 16.67 63 .89 

Lonicera angustifolia 80.00 164.80 10.00 1 Lll 0.99 8.33 20.44 

Rosa macrophylla 160.00 353.60 30.00 22.22 2.13 25.00 49.36 

Sarcococca saligna 40.00 156.00 10.00 5.56 0.94 8.33 14.83 

Viburnum cotini/olium 120.00 8118.00 20 .00 16.67 48.98 16.67 82.32 

Total 16572.8 

(Contd ... . ) 



Average BAlba 

Species D/ha cm2 °/. F 

Adenocaulon bicolor 1250.00 133.33 4.17 

Adiantum venustum 37083 .33 308.33 8.33 

Anemone rivu/aris 6250.00 1691.67 20.83 

Selinum tenuifolium 3333 .33 333.33 8.33 

Dryopteris nigropaJeacea 21250.00 4462.50 20.83 

Arisaema intermedium 5416.67 4041.67 12.50 

Bistorla amp/exicaulis 2083.33 733.33 12.50 

Carpesium cemuum 7083.33 2820.83 8.33 

Cnicus argyraeanthus 1666.67 1925.00 8.33 

Cyperus aristatus 20000.00 1129.17 12.50 

Dichanthium annulatum 17916.67 600.00 8.33 

Elshollzia ./lava 11666.67 6283.33 12.50 

Fragaria vesca 197916.67 17420.83 83.33 

Galium aparine 95833 .33 7075.00 54 .17 

Geranium wailichianum 6250.00 120&.00 16.67 

Halenia elliph'ca ]2916.67 1495.83 29.17 

Hedera helix 5000.00 866.67 16.67 

Impatiens sulcata 416.67 133.33 4.17 

Onychium contignum 29166.67 2416.67 8.33 

Oxalis comiculata 27500.00 1341.67 8.33 

Prunella vulgaris 11250.00 1995.83 29.l7 

Rumax hastatus 5833.33 2391.67 25.00 

Salvia glutinosa 8333.33 4604.17 25.00 

Senecio chrysanthemoides 1250.00 829.17 4.l7 

Trifolium pratense 261666.67 30237.50 70.83 

Urtica dioica 2916.67 829.17 8.33 

Viola spp. 24583.33 14183.33 41 .67 

Miscellaneous 416.67 300.00 4.17 

Total 111783.33 

D • Density 
F • Frequency 
·lD . Relative density 
IVI - Importance value index 

RD 

0.15 

4.49 

0.76 

0.40 

2.57 

0.66 

0.25 

0.86 

0.20 

2.42 

2.17 

1.41 

23 .95 

11.60 

0.76 

1.56 

0.61 

0.05 

3.53 

3.33 

1.36 

0.71 

1.01 

0.15 

31.67 

0.35 

2.98 

0.05 

RBA RF IVI 

0.12 0.74 1.01 

0 .28 1.47 6 .23 

1.51 3.68 5.95 

0.30 1.47 2.17 

3.99 3.68 10.24 

3.62 2.21 6.48 

0.66 2.21 3.11 

2.52 1.47 4.85 

1.72 1.47 3.39 

1.01 2.21 5.64 

0.54 1.47 4.18 

5.62 2.21 9.24 

15.58 14.71 54.24 

6.33 9.56 27.49 

1.07 2.94 4 .77 

1.34 5.15 8.05 

0.78 2.94 4.32 

0 .12 0.74 0.91 

2.16 1.47 7.16 

1.20 1.47 6.00 

1.79 5.15 8.29 

2.14 4.41 7.26 

4.12 4.41 9.54 

0.74 0.74 1.63 

27.05 12.50 71.22 

0.74 1.47 2.57 

12.69 7.35 23.02 

0.27 0.74 1.05 

BA . Basal area 
RF - Relative frequency 
REA • Relative basal area 



Table 17. Similarity index for trees, shrubs and herbs between different 
elevations in Bashla forest range 

~ Dissirnila rity 2100-2400 m 2400-2700 m 2700-3000 m 
2100-2400 m - 66.67 61.54 

Trees 2400-2700 m 33.33 66.67 -2700-3000 m 38.46 . 33.33 -
2100-2400 m - 95.24 70.59 

Shrubs 2400-2700 m 4.76 - 75.00 
2700-3000 m 29.41 25.00 -
2100-2400 m - 66.67 64.41 

Herbs 2400-2700 m 33.33 - 63.49 
2700-3000 m 35.59 36.51 -

Table 18. Similarity index for trees, shrubs and herbs between different 
elevations in Jubbal forest range 

Dissirnilarity 2100-2400 m 2400-2700 m 2700-3000 m 

2100-2400 m - 66.67 66.67 

Trees 2400-2700 m 33.33 - 66.67 
2700-3000 m 33.33 33.33 -
2100-2400 m - 70.59 66.67 

Shrubs 2400-2700 m 29.41 - 76.92 

2700-3000 m 33.33 23 .08 -
2100-2400 m - 69.39 65.22 

Herbs 2400-2700 m 30.61 - 69.09 

2700-3000 m 34.78 30.91 -

Table 19. Similarity index for trees, shrubs and herbs between ditTerent 
elevations in Kotkhai forest range 

~ 
2100-2400 m 2400-2700 m 2700-3000 In 

Dissimilarity 
2100-2400 m - 83.33 72.73 

Trees 2400-2700 m 16.67 - 92.31 

2700-3000 m 27.27 7.69 -

2100-2400 m - 92.31 66.67 

Shrubs 2400-2700 m 7.69 - 76.92 

2700-3000 m 33.33 23 .08 -

2100-2400 m - 79.31 80 .70 

Herbs 2400-2700 m 20.69 - 85.71 

2700-3000 m 19.30 14.29 -



Experimental Results 

(Table-20). Data in the table indicate maximum diversity for trees (0.74) and shrubs 

(0.96) in elevation class 2100-2400 m while for herbs maximum diversity 0.25) was 

found in elevation class 2700-3000 m The minimum diversity for trees (0.42) and 

shrubs (0 .61) was recorded in elevation class 2700-3000 m, whereas for herbs (1.18) 

in middle elevation class in Bashla forest range. 

'4.1.5b JUBBAL FOREST RANGE 

In Jubbal under PB-I and PB-U (Table-21) maximum diversity of 0.65 and 

0.49, respectively was found in elevation class 2400-2700 m whereas minimum for , 

PB-I (0.17) and PB-U (0.36) was at an elevation of 2700-3000 m The maximum 

diversity index. value for shrubs were 0.73 and 0.83 at 2100-2400 m elevation under 

PB-I and PB-U, whereas, the maximum value of 0.67 and 0.45 were obtained for 

PB-I and PB-U at 2700-3000 m elevation The maximum diversity for herbs was 

recorded in 2400-2700 m elevation class i.e. 1.23 for both the periodic blocks. 

4.1.Sc KOTKHAI FOREST RANGE 

In Kotkhai maximum diversity for trees was observed in middle elevation 

class for PB-I (0.78) followed by PB-U (0.66) highest elevation, however the lowest 

diversity value of 0.28 at 2700-3000m elevation and 0.34 at 2100-2400m elevation 

in PB-I and PB-U was observed, respectively (Table-22). In case of shrubs, 

maximum diversity in PB-U (0.72) was at an elevation of 2700-3000 m with 

minimum (0.51) in lowest elevation (2100-2400 m) class. In PB-I maximum value 

was 0.66 in highest elevation class, while minimum was 0.23 in middle elevation 

class. For herbs, maximum (1.22) value for diversity was recorded in PB-U in 2400-

2700 m elevation class and minimum (0.99) in PB-I for highest elevation class. 

4.2 STAND CHARACTERISTICS 

4.2.1 BASHLA FOREST RANGE 

The growing stock studies in Bashla showed trees of different diameter 

classes ranging from 10-20 cm to 100 em and above of fir and spruce in different 

elevation classes (Table-23). The average dbh and height showed increasing trend 
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from 14.35-83.00 em and 16-40 m at 2100-2400 m elevation class, where the 

diameter classes 40-50 em 50-60 em and 70-S0 em were missing. Maximum average 

number of trees (1251ha) was found in lowest (10-20 em) diameter class, whereas. 

minimum (S.33/ha) were found in 30-40 em and 60-70 em diameter classes. The 

maximum basal area (9.02 m2/ha) and volume (170.0 m3lha) was found in 80-90 em 

diameter class, Average crown width was maximum (6.4 m) in SO-90 em, with 

maxi'mum total erown eover (16.94 %) in 10-20 ern diameter class. 

In middle elevation class (2400-2700 m) the maximum number of trees 

(91.67Iha) was recorded in 10-20 em diameter class, but maximum basal area (24.15 

m2lha) and volume (182.00 m3lha) in diameter class 100 em and above, which also 

recorded maximum average erown width (7.78 m). Total crown percentage of fir 

and spruce was 40.71% out of which maximum (10.07) was of 10·20 diameter class 

trees (Table-23). The trees from 50-90 em diameter classes (four classes) were not 

available . in the forest. In the elevation class 2700-3000 m, average number of 

16.671ha trees were available from 20·30 em to S.331ha in 80·90 em diameter class, 

with maximum number of 50 treeslha in diameter class 30-40 em and 40-50 cm. 

Maximum basal area 14.35 m2 for diameter class 60-70 cm with total volume 229.17 

m3! ha. Average crown width was maximum 11.25m in highest diameter class i. e. 

80-90 em. The total area of the ground covered by the crowns of fir and spruce was 

87.92 % out ofwhieh 25.63 % was contributed by 60-70 cm diameter class trees. 

4.2.2 JUBBAL FOREST RANGE 

4~t.2a PB-I 

The stand characteristic in Jubbal forest range for PB-I area are presented in 

table 24 indicates that in elevation class 2100-2400m, the maximum number of trees 

(62.5/ha) was recorded in 10-20cm diameter class. However, the highest total basal 

area (6.04 m21 ha) and total volume (65.S5 m31 ha) for 40-50 em diameter class. The 

average crown width was maximum (6.05 m) for 50-60 em diameter class. Fir and 

spruee covered 39.11 % of the ground area with the maximum coverage of 10.56 % by 

40-50 em diameter class. 
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Table 20. Shannon diversity index (H) values for different components in 
Bashla forest range at different elevations 

Elevation (m) 
Component 2100-2400 2400-2700 2700-3000 

Trees 0.74 0.55 0.42 

Shrubs 0.96 0.76 0.61 

Herbs 1.24 1.18 l.25 

-
Table 21. Shannon diversity index (8) values for different components in 

Jubbal forest range at different elevations 

Elevation (m) 
Component 2100-2400 2400-2700 2700-3000 

PD-I PB-U PD-I PB-U PB-I PB-U 

Trees 0.46 0.45 0.49 0.65 0.36 0.17 

Shrubs 0.73 0.83 0.69 0.47 0.67 0.45 

Herbs l.11 1.10 1.23 l.23 1.11 1.19 

-
Table 22. Shannon diversity index (H) values for different component in 

Kotkhai forest range at different elevations 

Elevation (m) 
Component 2100-2400 2400-2700 2700-3000 

PB-I PB-U PD-I PB-U PB-I PB-U 
Trees 0.61 0.34 0.78 0.45 0.28 0.66 

Shrubs 0.63 0.51 0.23 0.62 0.66 0.72 

Herbs 1.17 1.13 1.10 1.22 0.99 1.16 



Table 23. Class-wise average diameter effect on basal area, total standing 
volume, crown width and crown area of fir and spruce at different 
elevations in Bashla forest range 

Diameter Average Total 
Average Total 

Total Crown class dbh Height No. of BAlha Vol.lba 
crown 

(cm) (em) (m) trees/ha (ml) (ml) 
width Cover 
(m) (%) 

EJevation-21 00-2400 m 

10-20. 14.35 16.00 125.00 2.07 10.00 4.03 16.94 

20-30 23 .75 25 .00 33.33 1.49 10.00 5.05 7.16 

30-40 36.00 23 .00 8.33 0.85 6.00 3.75 0.92 

60-70 61 .00 32.00 8.33 2.44 4l.00 5.70 2.13 

80-90 83.00 40.00 16.67 9.02 170.00 6.40 5.36 

Total 191.67 15.87 237.00 32.51 

Elevation-2400-2700 m 

10-20. 15 .12 13.00 91.67 1.73 7.67 3.65 10.07 

20-30 26.75 20.50 33.33 1.89 10.33 4.53 5.46 

30-40 38.00 21 .00 16.67 1.89 12.00 6.43 5.41 

40-50 45 .50 23.00 33 .33 5.43 53 .17 5.73 8.64 

90-100 91 .00 4l.00 8.33 5.42 107.08 7.00 3.21 

100+ 135.00 49.00 16.67 24 .15 182.00 7.78 7.92 

Total 200.00 40.51 372.25 40.71 

Elevation-2700-3000 m 

20-30 24.50 18.0 16.67 0.79 5.33 4.88 3.11 

30-40 33 .10 16.0 50.00 4.32 35.17 5.62 12.53 

40-50 43 .33 25 .0 50.00 7.40 79.00 6.30 15.63 

50-60 52.50 25.0 16.67 3.61 50.33 7.88 8.12 

60-70 66.20 31.0 41.67 14.35 229.17 8.80 25 .63 

70-80 75 .00 32.0 25 .00 11.07 182.50 8.54 14.62 

80-90 88.00 39.0 8.33 5.07 77.92 11 .25 8.28 

Total 208.33 46.61 659.42 87.92 
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' .. ~ Table 24. Class-wise average diameter effect on basal area, total standing 
volume, crown width and crown area of fir and spruce in JubbaJ 
forest range at different elevations in PB-1 

Diameter Average Total 
Average 

Total crown Crown 
class dbh Height No. of BAlha Vol.lha width cover 
(em) (em) (m) treeslha (ml) (ml) tm} .(%1 . . 

Elevation-2100-2400 m 
• 

10-20. 15.39 11 .40 62.50 1.19 6.63 3.85 7.35 

20-30 23.83 20.33 37.50 1.69 13 .69 5.47 8.87 

30-40 34.16 22.67 37.50 3.49 34.43 5.42 8.74 

40-50 45.16 23 .67 37.50 6.04 65.85 5.98 10.56 

50-60 53 .00 26.00 12.50 2.76 36.23 6.05 3.59 
.. 

Total 187.50 15.17 156.83 39.11 

Elevation- 240~2700 m 

10-20. 13.83 10.73 175.00 2.7125 20.16 3.97 19.13 

20-30 23.08 17.40 62.50 2.69 22.81 5.39 14.64 

30-40 36.00 16.00 ·12.50 1.28 11 .48 5.25 2.71 

Total 250.00 6.6750 54.45 36.48 
. 

Elevation- 270~3000 m 
- .. 

10-20. 16.47 13.13 187.50 3.94 44.06 4.04 24.91 

20-30 24.18 15.40 187.50 9.38 94.94 4.86 33.95 

I 

30-40 33.17 21.00 87.50 7.66 93 .30 5.22 19.97 
I 

40-50 44.58 26.67 75.00 11.78 131.93 5.61 18.77 

60-70 60.17 27.33 37.50 10.65 162.53 7.60 17.19 
.. 

Total 575.00 43.41 526.75 114.79 



Experimental Results 

In elevation class 2400-2700 m fir and spruce trees of only three diameter 

classes (10-20 cm to 30-40 cm) were present with maximum number of trees 

(175lha) in lowest (10-20 cm) diameter class (Table-24). The maximum basal area 

(2.71 m
2
1 ha) and volume (22.81 m31 ha) was recorded in diameter class 10-20 cm 

and 20-30 em, respectively. The average crown width was maximum 5.39 min 20-

30 cm diameter class. The total crown cover of fir and spruce was 36.48 % with 

maximum contribution of 19.13% by 10-20 cm diameter' class. In highest elevation 

class (2700-3000m), the trees of 10-20 cm to 60-70cm diameter classes were 

available except one diameter class i.e. 50-60 cm. The equal and highest number of 

trees (l87.50lha) were found in 10-20 cm and 20-30 cm diameter classes. The 

maximum basal area (11.78 m21 ha) and maximum volume {l62.53 m3/ha was 

recorded in diameter class 40-50 cm and 60-70 em, respectively. The maximum 

average crown width (7.60 m) was in 60-70 cm diameter class. The total percentage 

crown cover of fir and spruce was (114.79%) with maximum contribution 33.95 % 

by 20-30 cm diameter class. 

4.2.2b PB-U (Unallotted) 

In PB-U (Table-25) in Jubbal forest range the average dbh and average 

height showed increasing trend with increasing diameter class. In lowest elevation 

class (2100-2400m) maximwn number of trees (150lha) was found in diameter class 

20-30 cm, although maximum basal area and total volume 8.30 m2
1 ha and 91.80 m

3
1 

ha, respectively was found in 30-40 em diameter class. The average crown width 

showed increasing trend from 4.58m to 5.78 m with increase in diameter class. The 

percentage crown cover for fir and spruce was maximum (33.12%) in 20-30 cm 

diameter class out of the total coverage of 74.14 per cent. 

In second elevation class (2400-2700 m) the trees of fir and spruce were 

present in three diameter classes i.e. 20-30 em, 30-40 em and 70-80 cm. Out of the 

total 87.50 treelha of fir .and spruce equal nwnber (37.50/ha) were of 20-30 em and 

30-40 cm diameter classes. Out of the total basal area of 12.46 m
2
/ha and volume of 

(1.23.91 m3/ha) the maximwn contribution of 6.13 m
2
/ha and 75.80 m

3
/ha was from 
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70-80 cm diameter class. The maximum average crown width of9.35 m and out of the 

total crown cover of 35.24% of fir and 14.26% of spruce contributed to 30-40 cm 

diameter class. 

The data represented in table 25 for highest elevation class indicates the 

presence of 8-diameter classes from 10-20 em to 80-90 em with variable number of 

trees in each diameter class. Highest nwnber of 125 trees followed by 112.5 and 

87.5 per hectare were recorded in 50-60 em, 10-20 em and 20-30 em diameter class, 

respectively. However, the basal area was maximum 29.13 followed by 26.87 in 50-

60 cm and 70-80 cm diameter class. These two-diameter classes as contributed 

27.29% and 20.46% crown cover to the total crown coverage value of 106.12% of 

the area 

4.2.3 KOTK.HAI FOREST RANGE 

4.2.3a PB-I 

The trees of fir and spruce were represented in 3, 4 and 5 diameter classes in 

lowest, middle and highest elevation classes respectively. The growing stock studies 

of PB-I areas in Kotkhai range revealed that in the lowest elevation class (2100-2400 

m) fir and spruce trees were present in three diameter classes i.e. 1 0~20 cm, 20-30 

cm and 60-70 cm. Among these diameter classes equal number of 25 treeslha were 

found in 10-20 em and 60-70 cm diameter classes, with minimum of 12.5/ha in 20-

30 em diameter class. Out of the total basal area (8.79 m2/ha) and total volume 

(115.56 m3Iha), maximum 7.80 m2lha and 108.35 m3/ha, respectively was the share 

of ~0-70 em diameter class. There was increase in average crown width per tree 

from 4.05 m to 6.40 m with increase in diameter class. The total crown cover 

percentage of fir and spruce was 14.35% with maximum 8.43% by 60-70 em 

diameter e1.ass. 

In second elevation class (2400-2700 m) the maximum number of trees 

(112.50/ha) was recorded for 20-30 em diameter class, this diameter class also 

recorded maximum basal area of 5.06 m2/ha, volume of 61.55 m3lha and 15.21 % 
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Table 25. Class-wise average diameter effect on basal area, total standing 
volume, crown width and crown area of fir and spruce in Jubbal 
forest range at different elevations in PB-U 

Diameter Average Total Total 
Average 
crown Crown 

class dbh Height No. of BA/ha Vol.lha width cover 
(cm) (cm) (m) trees/ha (ml) (ml) (m) (%) 

Elevation-llOO-2400 m 

10-20. 17.21 14.00 87.50 2.06 9.28 4.58 14.65 

20-30 24.71 20.08 150.00 7.50 54.75 5.25 33.12 

30-40 32.44 21.88 100.00 8.30 91.80 5.78 26.36 

Total 337.50 17.86 128.45 74.14 

Elevation-2400-1700 m 

20-30 28.17 19.67 37.50 2.36 13.69 6.48 12.40 

30-40 36.67 24.00 37.50 3.98 34.43 6.90 14.26 

70-80 79.00 32.00 12.50 6.13 75.80 9.35 8.58 

Total 87.50 12.46 123.91 35.24 

Elevation-2700-3000 m 

10-20. 15.00 14.67 112.50 1.5200 26.44 3.47 11.15 

20-30 2529 20.00 87.50 4.3700 50.49 4.37 13.75 

30-40 34.00 26.33 37.50 3.410 40.91 4.85 7.11 

40-50 43.42 30.00 75.00 11.170 131.93 5.41 17.45 

50-60 54.44 34.94 125 29.13 331.54 6.11 27.29 

60-70 61.50 32.50 25.00 7.420 91.28 5.15 5.21 

70-80 74.00 33.60 62.50 26.870 303.06 6.39 20.46 

80-90 83 .00 33.00 12.50 6.760 68.89 6.15 3.71 

Total 
537.50 90.65 1044.53 106.12 
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crown cover, however, maximum average crown width (6.65 m) was found in 40-50 

cm diameter class out of the total erown cover of 24.74% for fir and spruce trees. 

Similarly in highest elevation class in table 26 out of the total 287.5 trees/ha 

maximum number of trees (125/ha) was found in 20-30 cm diameter class, although 

maximum basal area 8.49 m2l/ha and volume 95.46 m3/ha was found in 30-40 em 

diameter class. The maximum crown width (7.80 m) was recorded for highest (50-

60 cm) diameter class. The percentage crown cover of fir and spruce for this 

elevation was 52.58%, and the maximum contribution was 18.47% by 20-30 em 

followed by 15.43% of30-40 cm diameter class. 

4.2.3b PB-U (Unallotted) 

Table-27 represents the data pertaining to growing stock in Kotkhai forest 

range for three elevation classes. From the table it can be seen that in lowest 

elevation class (2100-2400 m) fir and spruce was found only in one diameter class 

i.e. 10-20 em, with total basal area of 0.15 m2/ha, volume of 1.33 m3/ha and 

percentage crown cover of 1.04. The trees of higher diameter classes were absent. 

As we move to higher elevation classes, the number of diameter classes containing 

trees of fir and spruce also increased. In elevation class 2400-2700 m three 

diameter classes of 10-20 em, 20-30 em and 40-50 em were found. Out of the total 

125 trees/ha of fir and spruce maximum 75 trees/ha were of 20-30 em diameter 

class. The maximum basal area (3.55 m2/ha) and total volume (43.90 m3/ha) was 

found in 40-50em diameter class. The percentage crown cover of fir and spruce for 

the area was 31.54, with maximum (21.10%) share of 20-30 em diameter class. 

In the elevation class 2700-3000 m there were 5 diameter classes. Out of 

the total 225 tree/ha the maximum number of trees (62.50/ha) were present in two 

diameter classes i.e. 10-20 cm and 40-50 em. The diameter class 40-50 cm also 

recorded maximum total basal area (9.09 m
2
/ha) and total volume (109.90 m3/ha). 

The average crown width was maximum (5.81m) in 20-30 em. The total erown 
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cover of fir and spruce was 47.97% in this elevation out of which 40-50 cm 

diameter class trees contributed 14.50% of the crown area (Table-27). 

On the basis of projected age through regression equations developed for 

Abies pindrow Bashla (y = 21.03 + I.47x), Jubbal (y = 9.67 + 2.47x) and Kotkhai (y 

= 36.09 + I . lOx), whereas, for Picea smithiana. Bashla (y =21 .56 + 1.30x), Jubbal 

(y = 8.21 + 1.73x) and Kotkhai (y= 18.47 + 1.20x) it was found that diameter 

growth of fir was slow in Kotkhai followed by Jubbal and Bashla in the initial stage. 

However, the time taken to reach the diameter girth of90-100 cm was in the order of 

Jubbal > Bashla > Kotkhai. The age was almost equal in the diameter class of 40 -

50 cm in Bashla and Kotkhai, whereas for spruce the results indicated that the 

growth was similar in order except in Bashla where lowest diameter class took 

maximum time as compared to Kotkhai and Jubbal. It was also observed that fir 

took more time than spruce to achieve the same diameter growth (Appendix I). 

4.3 SITE FACTORS 

The impact of different forest conditions like soil pH, depth of organic 

matter, solar radiation, crown cover of fir-spruce and its associates as well as crown 

projection ratio on regeneration of fir and spruce and their associate species was 

. studied for . ~ashla, Jubbal and Kotkhai forest ranges of Himachal Pradesh and 

results are as under. 

4.3.1 BASHLA FOREST RANGE 

From table-28 it can be revealed that maximum stocking per cent for fir and 

spruce and for other species was found in elevation class 2400-2700 m, where the 

pH vahi~ was 6.43 slightly acidic then other two elevation classes, the depth of 

organic matter was also minimum (3.5 cm), whereas, the solar radiation of 12.34% 

anci 59.84% crown cover value of the middle class was in between the values of 

other two eleva~ion classes. The crown projection ratio of 16.42 and 27.74 for fir & 

spruce and for the associated species was recorded, whereas minimum regeneration 

was found at highest elevation class, where pH was less acidic, the depth of organic 

matter was maximum (8.00 cm). The percentage solar radiation value under canopy 
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Table 26. Class-wise average diameter effect on basal area, total standing 
volume, crown width and crown area of fir and spruce in Kotkhai at 
different elevations in PH-I 

Diameter Average Total Total 
Average 
crown Crown 

class dbh Height No. of BAlha Vol.lha width cover 
(em) (cm) (m) treeslha (ml) (mJ) (m) 1%1 

Elevation-2100-2400 m 
10·20. 16.50 14.00 25.00 0.55 2.65 4.05 3.32 
20-30 21.00 17.00 12.50 0.44 4.56 5.15 2.60 . 
60-70 63.00 27.00 25.00 7.80 108.35 6.40 8.43 

Total 62.50 8.79 115.56 14.35 

Elevation-2400-2700 m 
10-20. 14.50 9.00 25.00 0.42 5.88 3.35 2.24 
20-30 24.38 17.00 112.50 5.06 61.55 4.27 15.21 
30-40 32.50 22.00 25.00 2.08 27.28 3.88 2.95 
40-50 45.00 24.00 12.50 1.99 21.95 6.65 4.34 
Total 175.00 9.54 116.65 24.74 

Elevation-2700-3000 m 
10-20. 14.00 9.00 12.50 0.19 2.94 3.65 1.31 
20-30 25.00 )7.20 )25.00 6.25 72.13 4.27 18.47 
30-40 35.00 24.57 87.50 8.49 95.46 4.71 15.43 
40-50 45.63 27.25 50.00 8.20 87.95 5.31 11.40 
50-60 57.00 25.00 12.50 3.19 32.81 7.80 . 5.97 

Total 287.50 26.31 291.29 52.58 

Table 27. Class-wise average diameter effect on basal area, total standing volume, 
crown width and crown area of fir and spruce in Kotkhai at different 
elevations in PB-U 

Diameter Average Total Total 
Average 
crown Crown 

class dbh Height No. of BAlha Vol.Jha width cover 
(em) (em) (m) treeslha (ml) (m3) (m) (%) 

Elevation-2100-2400 m 
10-20. 12.10 18.00 12.50 0.15 1.33 3.25 1.04 

Elevation-2400-2700 
10-20. 14.25 11.00 25.00 0.40 2.65 4.30 3.64 
20-30 22.28 18.33 75.00 3.00 27.38 5.97 21.I0 
40-50 42.50 28.00 25.00 3.55 43.90 5.75 6.80 
Total 125.00 6.95 73 .93 31.54 

Elevation-2700-3000 m 
10-20. 13.56 10.00 62.50 0.94 13.08 4.29 9.16 
20-30 27.07 19.17 50.00 2.93 26.20 5.81 13.29 
30-40 36.63 20.33 37.50 3.98 40.91 5.37 8.52 
40-50 42.89 20.00 62.50 9.09 109.90 5.38 14.50 
50-60 62.50 21.00 12.50 3.84 32.81 5.05 2.50 
Total 225.00 20.78 222.90 47.97 



Table 28. Effect of site conditions on the regeneration at different elevations in 
Bashla forest range 

Organic Solar Under Crown Projection 
Established radiation (Lux) canopy Crown ratio (bid) 

ElevaUoh Sloe king percent matter Solar cover 
class pH layer Outside Uader Radiation ("/o) 

Fir& Auoclated (em) canopy canopy (-J.) Fir& Associated 
S~uce species Spruce species 

2100-2400 20.81 6JS 6.54 5.33 6750.00 703.18 10.34 58.02 24.84 20.64 
2400-2700 22 .00 11.11 6.43 3.50 1050.00 869.14 12.34 59.84 16.42 27.74 
2700-3000 0.00 1.19 6.57 8.00 1353.30 1257.22 17.13 103.01 19.39 21.24 

Table 29. Effect of site conditions on the regeneration at different elevations in 
Jubbal forest range 

Established Solar Under Crown projection 
Stocking percent Organic radiation (Lux) canopy Crown ratio (bid) 

Elevlltion matter Solar cover 
class Fir& Associated pH layer 

Under 
Radiation ("10) Fir & Associated 

Spruce species (cm) Outside w.) Spruce species 
canopy canopy 

PB-I 

2100-2400 3.38 25.63 6.58 4.25 6820.00 689.50 10.09 143.14 19.20 22.56 
2400-2700 29.75 5.56 6.50 5.75 6890.00 750.67 10.83 105.10 28.52 21.73 
2700-3000 8 .23 0.00 6 .12 8.75 66'60.00 515.00 7.74 119.304 18.80 20.04 

PB-U 

2100-2400 9.23 27.76 6.55 4 .75 6250.00 649.00 10.44 104.97 21.20 24 .40 

2400-2700 9.60 5.17 6.39 6.00 6730.00 835.00 11.83 107.47 19.42 22.31 
2700-3000 0.00 0.00 6.43 11.50 6635.00 529.17 7.89 106.12 13.59 -

Table 30. Effect of site conditions on the regeneration at different elevations in 
Kotkhai forest range 

Established Solar Under 
Cro~n projection 

Stocking percent 
Organic radiation canopy 

ratio (bid) 

matter (lux) Solar Crown 
Elevation layer Radiation cover 
class Fir& pH (cm) (%) (%) 

Spruce AssocJated Outside Under Fir & Associated 
species canopy canopy Spruce species 

PB-l 

2100-2400 0.45 1.46 6.18 5.25 6610.00 494.00 7.49 43.59 17.53 24.33 

2400-2700 0.85 I Lli 6 .48 4 .75 6775 .00 557.86 8 .20 53.59 16.77 15.77 

2700-3000 3.76 1.29 6.30 9.25 7615.00 873.25 11.5 66.67 15.35 12.57 

PB-U 

2100-2400 5.56 4.81 6 .36 3.15 6745.00 604.09 8.85 15363 26.86 1226 

2400-2700 0.72 32.87 {\ 5 I 5.75 0705.00 668.88 <')<')4 11376 25 .37 25 .86 

2700-3000 4.24 1.56 6.65 7.25 7400.00 810.73 11.00 67.49 19.57 13.39 
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was minimum of 10.34, with minimum crown cover of 58.02%. However, outside 

canopy and under canopy the solar radiation increased with increase in the elevation 

from 6750 to 7353.30 and 703.18 to 1257.22 lux, respectively. The crown projection 

ratio recorded for fir and spruce and for their associates species was 19.39 and 

21.24, respectively. 

I 
4.3.2 JUBBAL FOREST RANGE 

In Jubbal forest range maximum regeneration 29.75% of fir and spruce was 

recorded in PB-I at an elevation of 2400-2700 m, where the pH value was 6.5 

(Table-29). The percentage solar radiation under storey was 10.83 and crown cover 

of 105.10%, the crown projection was maximum (28.52) for fir & spruce and second 

highest (21 .71) for the associate species, while the established regeneration for other 

species was only 5.56%. The minimum (3.38%) established regeneration of fir and 

spruce was found in elevation class 2100-2400 In, whereas the value for the other 

species was maximum (25.63%). In lowest elevation class pH and depth of organic 

matter was 6.58 and 4.25 cm, respectively. Whereas, the solar radiation was 10.09% 

with 143.14% crown cover. The total solar radiation in open was 6820, 6890 and 

6660 lux, whereas under canopy the values were 689.5, 750.67 and 575.0 lux at 

lower, middle and highest elevation, respectively. The crown projection ratio was 

19.2 for fir & spruce, while for other species value of 22.56 was recorded slightly 

higher to other elevations. The established regeneration of fir and spruce in PB-U 

(Table-29) was maximum (9.60) in 2400-2700 m, which was almost equal (9.23) in 

2100-2400 m elevation class, however, regeneration was totally absent in 2700-3000 

m elevation class. 

The maximum regeneration of the species other then fir and spruce was in 

lowest elevation class. The pH value was 6.55 and 6.39 in lowest and in middle 

elevation class, where the depth of organic matter was 11.5 em at 2700-3000m 

elevation followed by 6.0 cm and 4.75 cm in middle and the lower most elevation, 

respectively. Solar radiation, crown cover, crown projection ratio for fir and spruce, 

as well as for other species, was nearly equal in lower and middle elevation classes. 

The elevation 2700-3000 m was devoid of regeneration of any kind, where 
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maximum presence of fir and spruce was recorded (Table-25). The solar radiation 

outside the canopy was maximum (6730Iux) in 2400-2700 m elevation followed by 

highest and lowest elevations with values of 6635.0 and 6250.0 lux, respectively. 

The values under canopy varied from 529.11 to 835.0 lux in highest and middle 

elevation class, however, it was in between (649.0 lux) in lowest elevation class. 

4.3.3 KOTKHAI FOREST RANGE 

The data given in table-30 pertaining to regeneration in Kotkhai forest range 

revealed that in middle elevation, maximum 11.11 and 32.87% established stocking 

was observed for species other then fir and spruce in PB-I and PB-U, respectively. 

The maximum established regeneration of fir and spruce was obtained in PB-U at 

lowest elevation with value of 5.56%. The pH value was acidic throughout the 

distribution. The depth of organic matter was maximum 9.25 and 7.25 cm in highest 

elevation (2700-3000 m) in both PB-I and PB-U, respectively. The under canopy 

solar radiation was lowest in 2100-2400 m elevation class and increased with 

increase in elevation from 7.49 to 11.50% in PB-I and 8.85 to 11.00% in PB-U. 

However, the crown cover was more in unallotted as compared to PB-I. Whereas the 

crown projection ratio was 16.71 and 15.77 in PB-I and 25.37 and 25.86 in PB-U for 

fir and spruce and other associates, respectively. The solar radiation outside the 

canopy increased with increase in elevation with value 6610.0, 6775 .0 and 7615.0 

lux. Whereas, under canopy values were 494.0, 557.86 and 873.25 lux for lowest, 

middle and highest elevation in PB-I. The trend for PB-U remained same where the 

solar radiation under canopy varied from 604.09 to 810.73 and outside canopy 

6745.0 to 1400.0 lux in lower to highest elevation class. In general for all the sites 

the rege,eration status showed increasing trend with increase in crown projection 

ratio for fir and spruce as well as for associated species. 

4.4 REGENERATION STUDIES 

4.4A Regeneration Components 

In the present investigation regeneration studies were carried out on recruits, 

unestablished and established regeneration in three sites viz., Bashla and Jubbal 
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forest range (Rohru forest division) and Kotkhai forest range (Theog forest division) 

at three different elevation classes and available periodic blocks. 

4.4A.l BASHLA FOREST RANGE 

Table·31 represents the regeneration status of fir and spruce in Bashla range 

of Rohru forest division. The results of elevation class 21 c{)·2400 m revealed 

maximum number of recruits for Pinus wallichiana (462.96Iha), while number of 

recruits for Abies pindrow and Picea smithiana were 185. 18lha and 277. 781ha, 

respectively. Similarly the maximum number of unestablished plants was recorded 

for Pinus wallichiana 925. 931ha. Whereas, in case of Abies pindrow and Picea 

smithiana the number was 462.961ha and 370.371ha respectively. The established 

regeneration was recorded as 370.37/ha, for both Abies pint/row and Picea smithiana 

and 92.541ha for Cedrus deodara. 

In second elevation class (2400-2700 m) maximum recruits (833.33Iha) of 

Abies pindrow were found, followed by Pinus wal/ichiana (555.56Iha), whereas in 

case of Picea smilhiana it was l85.181ha Maximum unestablished plants were 

recorded for Picea smithiana (3240.74/ha), followed by Abies pindrow (1296.36Iha) 

and Pinus wallichiana (833.33Iha). The established regeneration was recorded 

maximum for Picea smithiana (277.78Iha) followed by Pinus wallichiana (185.18Iha) 

and Cedrus deodara (92.54/ha). 

Moreover, in highest elevation class (2700-3000 m) only recruits for Picea 

smithiana (370.37Iha) and Pinus wallichiana (185. 18/ha) were found. The artificial 

regeneration of broad-leaved was present in the area. The established regeneration 

was totally absent (fable-31). 

4.4A.2 JUBBAL FOREST RANGE 

4.4A.2a PB-I 

The regeneration status of fir and spruce in Jubbal forest range at different 

elevations under PB I (Table-32) reveals that maximum number (4166.67) of 
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recruits were found in case of Abies pindrow at highest elevation. At 2100-2400 m 

ma.ximum number of recruits were found in case of Pinus wallichiana (694.44ItJa) 

followed by Picea smilhiana (416.67/ha) and minimum for Cedrus deodara 

(l38.89/ha). Whereas, number of unestablished plants were maximum for Picea 

smithiana (l111 .II/ha) followed by Cedrus deodara (972.22/ha) and minimum for 

Quercus spp. (138.89/ha), while Cedrus deodara was the only species which 

showed the established regeneration (555.56/ha) at lowest elevation class. 

In second elevation class (2400-2700m) only Picea smilhiana and Pinus 

wallichiana were among regenerating species with 138.89/ha and 277.78/ha recruits 

and 833.33/ha and 138.891ha established plant, respectively, while unestablished 

plants of only Picea smithiana (555.56/ha) were present. 

Number of recruits at highest elevation class for Abies pindrow, Picea 

smith iana , and Pinus wallichiana were 4166.67/ha, 694.44/ha and 138.89/ha, 

respectively. The unestablished plants 555.56/ha of only Abies pindrow were 

present. The equal established regeneration of 138.89/ha were observed for Abies 

pindrow and Picea smithiana. 

4.4A.2b PB-U (Unallotted) 

In table-33 regeneration of fir and spruce in Jubbal forest range at different 

elevations under PB-U is presented according to which the equal number of recruits at 

first elevation class for Picea smithiana and Pinus wallichiana were 277. 78/ha and 

138.89/ha for Juglans regia. The unestablished plants (138.89/ha) each for Picea 

smithiantl '~d Pinus wallichiana, while maximum established regeneration was 

recorded for Cedrus deodara (277.78/ha), whereas, established regeneration of 

277.78/ha and 694.44/ha was observed for Picea smithiana and Pinus wallichiana 

respectively in lowest elevation class. 

In second elevation class (2400-2700m) recruits of only Picea smithiana 

(694.44/ha) were present. This species also recorded equal and maximum number 
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Table 31. Regeneration status of Fir and Spruce forests in Bashla forest range 
at different elevations 

Parameters -
r/ha u/ha hticm) e/ha 

Species Elevation-2100-2400 m 

Abies pindrow 185.18 462.96 17.40 370.37 

Picea smithiana 277.78 370.37 43 .75 370.37 

Pinus wallichiana 462.96 925.93 29.60 -. -
Cedrus deodara 185.18 92.59 120.00 92.54 

Aesculus indica 277.78 92.59 65.00 -
Quercus spp. - 277.78 70.00 -
Total 1388.88 2222.22 345.75 833.28 

Elevation-2400-2700 m 

Abies pindrow 833.33 1296.30 22.64 -
Picea smithiana 185.18 3240.74 85.31 277.78 

Pinus wallichiana 555.56 833.33 66.33 185.18 

Cedrus deodara 92.59 185.18 95.00 92.54 

Aesculus indica 185.18 277.78 26.00 -
Total 1851.84 5833.33 295.28 555.50 

Elevation-2700-3000 m 

Picea smithiana 370.37 -
Pinus wa llichiana 185.18 -
Robinia - 277.78 
psudocasia 
Aesculus indica - 185.18 

Jug/ans regia - 92.59 

Populus ciliata - 92.59 

Total 555.55 648.14 

r - recruits 
u - unestablished regeneration 
e - established regeneration 

-
-

18.00 

46.00 

40.00 

60.00 

164.00 

ht - average height of un established regeneration 
Ht - average height of established regeneration 

-
-
-
-
-
-
-

-
Ht(cm) 

365.00 

225.00 

-
220.00 

-
-

810.00 

-
288.33 

220.00 

240.00 

-
748.33 

-
-
-
-
-

-

-



Table 32. Regeneration status of Fir and Spruce forests in Jubbal forest range at 
different elevations under PD-I 

Parameters - -
r/ha u/ha ht (em) elha Ht (em) 

Species Elevation-21 00-2400 m 
Picea smithiana 416.67 1111.11 60.88 - -
Pinus wallichiana 694.44 555.56 95.75 - -
Cedrus deodara 138.89 972.22 110.00 555.56 207.50 

Quercus spp. - 138.89 25.00 - -
Total 1250.00 2777.78 291.63 555.56 207.50 

Elevation-2400-2700 m 
Picea smilhiana 138.89 555.56 82.50 833.33 266.67 
Pinus wallichiana 277.78 - - 138.89 320.00 
Total 416.67 555.56 82.50 972.22 586.67 

Elevation-2700-3000 m 
Abies pindrow 4166.67 555.56 10.25 138.89 900.00 
Picea smithiana 694.44 - - 138.89 240.00 
Pinus wallichiana 138.89 - - - -
Total 5000.00 555.56 10.25 277.78 1140 

Table 33. Regeneration status of Fir and Spruee forests in Jubbal forest range at 
different elevations under PD- U (un allotted) 

Parameters -
r/ha u/ha ht(em) elha 

Species Elevation-21 00-2400 m 
Picea smithiana 277.78 138.89 43 .00 277.78 
Pinus wallichiana 277.78 138.89 48.00 694.44 
Cedrus deodara - 277.78 165.00 -
Jug/ans regia 138.89 - - -
Total 694.45 555.56 256.00 972.22 

Elevation-2400-2700 m 
Picea smithiana 694.44 277.78 76.50 277.78 
Pinus wallichiana - 138.89 70.00 138.89 
Cedrus deodara - 138.89 70.00 -
Total 694.44 555.56 216.50 416.67 

Elevation-2700-3000 m 
Abies pindrow 3055.56 - -
Total 3055.56 -

r - recruits 
u - unestablished regeneration 
e - established regeneration 

-

ht - average height of unestablished regeneration 
Ht - average height of established regeneration 

-
-

-
Ht(em) 

250.00 
246.00 

-
-

496.00 

295.00 
220.00 

-
515.00 

-
-



Experimental Results 

(277.78/ha) of established and unestablished plants, whereas, third elevation class 

was devoid of established and unestablished plants, however, 3055.56/ha recruits of 

Abies pindrow were observed in this elevation class. 

4.4A.3 KOTKHAI FOREST RANGE 

4.4A.3a PB-I 

The data from table-34 on regeneration status of fir and spruce Kotkhai 

forest range at different elevations in PB-I indicated equal number of recruits of 

Pinus wallichiana and Quercus spp .. i.e. 416.67/ha at 2100-2400m elevation class. 

The maximum number of unestablished plants of Quercus spp.. (833.33Iba) 

followed by Picea smithiana and Cedrus deodara with equal number (277.78Iha), 

however minimum value of 138.891ba was recorded for Pinus wallichiana. While 

the established regeneration was absent of all the species in this elevation range. In 

second elevation (2400-2700m) maximum and equal recruits 555.561ba were 

recorded for Abies pindrow and Pinus wallichiana but the minimum 138.89Iba was 

of Picea smithiana. The unestablished plants 277.78/h'!J. and 138.89/ha were recorded 

for Abies pindrow and Picea smithiana respectively, however, Pinus wallichiana 

was the only species which showed the established regeneration with value of 

277.78/ha. 

In third elevation class 2700-3000m Quercus spp. showed maximum number 

of recruits and unestablished plants 833.331ha and 1666.671ha, respectively. Picea 

smithiana had only unestablished plants (138. 89/ha), whereas, while in case of Abies 

pindrow number of recruits, unestablished plants and established plants were 

694.44, 138.89 and 138.89 per hectare, respectively (Table-34). 

4.4A.3bPB-U (Unallotted) 

Table-35 indicates regeneration status of fir and spruce forests for PB 

unallotted for Kotkhai forest range. In elevation class 2100-2400 m recruits 

(1111.11/ha) of only Pinus wallichiana were present. The unestablished 

regeneration was recorded for Pinus wallichiana 138.89/ha and 277.78/ha for 

52 



Expelimental Results 

Cedrus deodara. While established regeneration was found equal (138.89/ha) for 

both Picea smithiana and Pinus wallichiana. 

In second higher elevation (middle) class Picea smilhiana and Cedrus 

deodara recorded 416.67 and 277.78/ha number of recruits, while unestablished 

plants were maximum of Cedrus deodara (694.44lha), whereas, Picea smithiana and 

Pinus wallichiana were having equal (277.78/ha) number of unestablished plants. 

The number of established plants were 694.441ha and 138.89/ha of Cedrus deodara 

and Pinus wallichiana, respectively. 

At highest elevation class (2700-3000 m) number of recruits 555.56/ha of 

Abies pindrow and 277.781ha of Pinus wallichiana were present. The unestablished 

plants recorded were equal (138.89) of Abies pindrow and Picea smithiana. 

Whereas, 555.56/ha for Pinus wallichianl. 

4.4B REGENERA TION ESTABLISHMENT AND STOCKING 

Weighted average height, establishment index and stocking index was 

calculated for different regenerating tree species for forest stands with respect to its 

three elevation classes under Bashla, Jubbal and Kotkhai forest ranges to access its 

established stocking per cent. 

4.4B.l BASHLA FOREST RANGE 

The total established stocking percent (Table-36) was maximum 33.11 in middle 

followed by lower 27.21 and 1.19 in highest elevation class. At lowest and middle 

elevation t1te' maximum established stocking percent was 11.28 and 20.53 of Picea 

smithiana followed by Abies pindraw (9.58) at lowest elevation and Pinus wallichiana 

(7.13) in middle elevation. 

i) Abies pindrow 

The perusal of data given in table-36 for regeneration establishment and 

stocking in Bashla indicated that weighted average height for Abies pindrow was 
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Table 34. Regeneration status of Fir and Spruce forests in Kotkbai forest range 
at different elevations under P8-1 

Parameters - -
rlha ulha bt (cm) elba Ht (cm) 

Species Elevation-2100-2400 m 
Picea smithiana - 277.78 32.50 - -
Pinus wallichiana 416.67 138.89 23.00 - -
Cedrus deodara - 277.78 50.50 - -
Quercus spp. 416.67 833.33 14.33 - -
Total 833 .34 1527.78 120.33 - -

Elevation-2400-2700 m 
Abies pindrow 5SS .56 277.78 31.50 - -
Picea smithiana 138.89 138.89 60.00 - -
Pinus wallichiana SSS .S6 - - 277.78 215.00 
Cedrus deodara 416.67 - - - -
Total 1666.68 416.67 91 .50 277.78 277.78 

Elevation-2700-3000 m 
Abies pindrow 694.44 138.89 12.00 138.89 320.00 
Picea smithiana - 138.89 12.00 - -
Quercus spp. 833.33 1666.67 15.50 - -
Total 1527.77 1944.45 39.50 1983.9S 3967.90 

Table 35. Regeneration status of Fir and Spruce forests in Kotkhai forest range at 
different elevations under PB-U (unallotted) 

Parameters -
r/ha u/ha ht(cm) elba 

Species 
Picea smithiana - -
Pinus wallichiana 1111.11 138.89 
Cedrus deodara - 277.78 
Total 1111.11 416.67 

Picea smithiana 416.67 277.78 
Pinus wallichiana - 277.78 
Cedrus deodara 277.78 694.44 
Total 694.45 1250.00 

Abies-pindrow 555.56 138.89 
Picea smithiana - 138.89 
Pinus wallichiana 277.78 555.56 
Total 833.34 833.34 

r - recruits 
u - unestablished regeneration 
e - established regeneration 

Elevation-2100-2400 m 

-
55.00 
27.50 

82.50 
Elevation-240B-2700 m 

52.50 
61.50 
127.00 
241.00 

Elevation-270B-3000 m 
35.00 
30.00 
56.2S 
121.25 

ht - average height of un established regeneration 
Ht - average height of established regeneration 

138.89 
138.89 

-
277.78 

-
138.89 
694.44 
833.33 

-
-
-
-

-
Ht(cm) 

230.00 
200.00 

-
430.00 

-
240.00 
292.00 
532.00 

-
-
-
-



Table 36. Regeneration establishment and stocking data for different tree 
species in Fir and Spruce forests in Bashla 

Weighted Establishmcn t Stocking . Established 
Species average height index index Stocking percent 

(em) .(IJl 011 (1 OOU1!: 11) 

Elevation-2100-2400 m 

Abies pindrow 98.56 0.49 0.194 9.58 

Picea smilhiana 121.88 0.61 0.185 '11 .28 

Cedrus deodara 160.00 0.80 0.046 3.70 

Pinus wallichiana 29.60 0.15 0.093 1.37 

Aesculus indica 65.00 0.33 0.009 0.30 

Quercus spp. 70.00 0.35 0.028 0.97 

Total 545.03 2.73 0.556 27.21 

Elevation-2400-2700 m 

Abies pindrow 22.64 0.11 0.130 1.47 

Picea smithiana 94.37 0.47 0.435 20.53 

Pinus wallichiana 90.64 0.45 0.157 7.13 

Aesculus indica 26.00 0.13 0.028 0.36 

Cedrus deodara 130.00 0.65 0.056 3.61 

Total 363.65 1.82 0.806 33.11 

Elevation-2700-3000 m 
Robinia 
pseudoacacia 18.00 0.09 0.028 0.25 

Aesculus indica 51.00 0.26 0.019 0.47 

Juglans regia 40.00 0.20 0.009 0.19 

Populus ciliata 60.00 0.30 0.009 0.28 

Total . 169.00 0.85 0.065 1.19 



Experimental Results 

maximum (98.56 cm) in lowest elevation class (2100-2400 m) followed by middle 

elevation class with the value of 22.64 cm. However highest elevation class (2700-

3000 m) showed complete absence of regeneration for this species. The 

establishment i9dex varied from 0.11 to 0.49 while stocking index from 0.13 to 0.19 

in middle to lower elevation class, respectively. The establishment stocking per cent 

was highest (9.58) in first elevation class, while minimum . of 1.47 in second 

elevation class. 

ii) Picea smitJliana 

In case of Picea smithiana maximum weighted average height (121.88 cm) 

was recorded for lowest elevation class with establishment index value of 0.61 and 

stocking index 0.185 whereas, in 2400-2700m elevation class the maximum socking 

index (0.435) and established stocking per cent (20.53) was recorded. The highest 

elevation class was devoid of the regeneration of the species. 

iii) Cedrus deodara 

The regeneration study in all elevation classes showed the maxImum 

weighted average height of 160 cm in fITst elevation class with establishment index 

of 0.80, stocking index of 0.046 and establishment stocking per cent of 3.70. The 

establishment stocking per cent of this species was 3.61 in middle elevation class. At 

2700-3000 m elevation the regeneration of Cedrus deodara was totally absent. 

iv) Pinus wallichiana 

The regeneration of this species was in lowest and middle elevation classes. 

The established stocking per cent of Pinus wallichiana with value 7.13 was more in 

second elevation class as compare to lowest elevation class with value of 1.37. The 

value of weighted average height (90.64 cm), establishment index (0.45) and 

stocking index (0.157) was higher in middle elevation class with no trace of its 

regeneration in third elevation class. 
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v) Aesculus indica 

Aesculus indica was present very less in all the three elevation classes, 

although in third elevation class (2700~3000m) it was artificially planted, where 

established stocking per cent (0.47) was better as compare to the other elevation 

classes. 

vi) Quercus spp. 

It was found only in lowest elevation class with the weighted average 

height (70.00 cm), establishment index of 0.35, stocking index (0.028) and 0.97 

per cent established stocking. 

Robinia pseudoacacia, Juglans regia and Populus ciliata shown in the table 

had 0.25, 0.19 and 0.28 values of establishment sto~king per cent in sequence which 

represents the artificial regeneration only. 

4.4B.2 JUBBAL FOREST RANGE 

4.4B.2a PB-I 

The weighted average height, establishment index, stocking index and 

established stocking per cent was calculated for all the species recorded in all 

regeneration units at different elevation in PB-I (Table-37). The highest 

establishment stocking per cent (35.31) was obtained in middle elevation contributed 

by Picea smithiana and Pinus wallichiana (29.75 and 5.56). In the lower elevation 

total established stocking percent was 29.01 mainly contributed by Cedrus deodara 

(22.80%) followed by Picea smithiana (3.38%). At highest elevation class, the total 

established'fstocking per cent was 8.23 contributed by Abies pindrow (2.68%) and 

Picea smithiana (0.56).The species wise findings are as under. 

i) Abies pindrow , 

The Abies pindrow regeneration was recorded only in highest elevation class 

(2700-3000 m) as revealed from table~37. The weighted average height of 
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Table 37. Regeneration Establishment and stocking data for different tree 
species in Fir and Spruce forests in Jubbal in PB-I 

Weighted Establishment Stocking Established 
Species average height index index Stocking percent 

(cm) (II) (Iv (100xllxl2) 

Elevation-2100-2400 m 

Picea smithiana 60.88 0.30 0.111 3.38 

Cedrus deodara 142.73 0.71 0.319 22.80 

Pinus wallichiana 95.75 0.48 0.056 2.66 

Quercus spp. 25.00 0.13 0.014 0.17 

Total 324.35 1.62 0.500 29.01 

Elevation-2400-2700 m 

Picea smilhiana 153.00 0.77 0.389 29.75 

Pinus wallichiana 200.00 1.00 0.056 5.56 

Total 353.00 1.77 0.444 35.31 

Elevation-2700-3000 m 

Abies pindrow 48.20 0.24 0.111 2.68 

Picea smithiana 200.00 1.00 0.056 5.56 

Total 248.20 1.24 0.167 8.23 

Table 38. Regeneration Establishment and stocking data for different tree 
species in Fir and Spruce forests in Jubbal in PB-V 

Weighted Establishment Stocking Established 
Species avenge height index index Stocking percent 

(cm) (11) (12) (lOOxI.xI2) 

Elevation-2100-2400 m 

Cedrus deodara 165.00 0.83 0.028 2.29 

Pinus wallichiana 174.67 0.87 0.292 25.47 

Picea smithiana 147.67 0.74 0.125 9.23 

Total I 487.33 2.44 0.444 36.99 

Elevation-2400-2700 m 

Picea smithiana 138.25 0.69 0.139 9.60 

Cedrus deodara 70.00 0.35 0.014 0.49 

Pinus wallichiana 135.00 0.68 0.069 4.69 

Total 343.25 1.72 0.222 14.77 
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regeneration was 48.20 cm. The value of establishment index was found to be 0.24 

and stocking index 0.111 with 2.68% established stocking. 

ii) Picea ,fnUlhiana 

The data pertaining to this species in the tabJe-37 indicates the maximum 

weighted average height of 200 cm in third elevation class (2700-3000 m), with 

establishment index of 1.00. However, maximum stocking index (0.389) and 

established stocking per cent of 29.75 was recorded in middle elevation class. 

Minimum stocking per cent (3.38) was observed in lowest elevation class. 

iii) Cedrus deodara 

The regeneration of Cedrus deodara was only found in lowest elevation class 

with maximum weighted average height 042.73 cm), establishment index (0.71), 

stocking index (0.319), and established stocking per cent of 22.80 among all the 

species except Picea smithiana in middle elevation class. 

iv) Pinus wallichiana 

The regeneration for this species was recorded up to 2700 m The maximum 

weighted average height (200 em), establishment index (1 .00), stocking index (0.56) 

and established stocking per cent of 5.56 were observed in middle elevation class 

2400-2700. 

v) Quercus spp. 

The regeneration of this species was recorded only in lowest ele~·ation class~ 

with very less weighted average height of 25.00 em and (0.17) established stocking 

per cent among all the species at different elevations studied at different elevations 

studied under Jubbal forest range in PB-I. 

4.4.2b PB- U (Unallotted) 

The regeneration establishment and stocking data (fable-38) for different 

elevations under unailoned periodic blocks indicated that regeneration was totally 
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absent for all the species at highest elevation (2100-3000 m). In lowest and the 

middle elevations Pinus wa/lichiana, Cedrus deodara and Picea smithiana 

regeneration was obtained. The regeneration of Abies pindrow was totally absent. 

Total established stocking per cent in lower and mid elevation was obtained 36.99 

and 14.11% respectively. The established stocking per cent in Pinus wa/lichiana was 

highest with 25.41 in lower elevation, whereas at mid elevation Picea smithiana 

showed maximum 9.60 established stocking per cent, while Pinus wallichiana was 

second at middle elevation with 4.69 per cent value, the Cedrus deodara remained in 

third position in both the elevations. The result for different are detailed as under. 

i) Picea smithiana 

In case of Picea smithiana maximum stocking per cent of 9.60 and stocking 

index of 0.139 was recorded in middle elevation class, while the weighted average 

height (141.61 cm) and establishment index (0.14) was recorded with stocking per 

cent of 9.23 at lowest elevation class i. e. 2100-2400 m. 

ii) Cedrus deodara 

The weighted average height was maximum (165 .00 cm) in lowest elevation 

class, with maximum establishment index (0.83) and stocking per cent (2.29) as 

compared to middle elevation class, where the corresponding values were 10 cm, 

0.35, 0.014 and 0.49 quite low and there was no regeneration in highest elevation 

class. 

iii) Pinus wallichiana 

Pinu!wallichiana showed (Table-38) the maximum established stocking per 

cent (25.47) among all the species. The maximum average height was 174.67 cm in 

lowest I!levation class as compared to mid elevation class (135 cm). The established 

stocking per cent w".s quite low (4.69%) less then that of Picea smithiana, however, 

more then Cedrus deodara in second elevation class. 
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4.4B.3 KOTKHAI FOREST RANGE 

4.4B.3a P8-1 

Experimental Results 

The perusal of data (Table-39) represents the regeneration stocking data for 

Kotkhai range in PB-I areas, which reveals that maximum value of 11.97, 

established stocking per cent was obtained in middle elevation class followed by 

2700-3000 m elevation class. The maximum regeneration 11.11 % was of Pinus 

wallichiana in middle elevation, whereas 3.68% for Abies pindrow in highest 

elevation. 

i) Abies pindrow 

Abies pindrow regeneration was only in middle and highest elevation class. 

The weighted average height was (106.00 em) highest in elevation class 2700-3000 

m. The values of 0.53, .069 and 3.68 for establishment index, stocking index and 

established stocking per cent were obtained in highest elevation as compared to 

middle elevation where there values were 0.16, 0.028 and 0.44%, respectively. 

ii) Picea smithiana 

The presence of Picea smithiana regeneration was in all the elevation classes 

under study. The maximum average height (60.00 em), establishment index (0.30) 

was in second elevation class, while maximum stocking index (0.028) and 

established stocking per cent (0.45) was recorded in lowest elevation class. 

iii) Cedrus deodara 

Cedrus deodara was found only in first elevation class in this forest stand, 

with weighted average height, establishment index, stocking index and established 

stocking per cent values of50.50 em, 0.25, 0.028 and 0.70 per cent, respectively. 

iv) Pinus wallichiana 

Pinus walichiana regeneration was recorded in first two elevation classes, 

although it was absent in highest elevation class. The maximum weighted average 

height (200.00 em), establishment index (1.00), stocking index (0.111) and 
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established stocking per cent (11.11) for this species were recorded In middle 

elevation class. 

v) Quercus spp. 

The regeneration for Quercus spp. was found for first and the highest 

elevation class, with maximum average height (15.50 cm), establishment index 

(0.08), stocking index (0.167) and stocking per cent of 1.29 in highest elevation 

class 

4.4B.3b PB-U (Unallotted) 

The data given in table-17 reveals that the total maximum established 

stocking percent (33.59) was obtained in mid-elevation class, mainly 

contributed by Cedrus deodara (28.39) followed by Pinus wallichiana (4.49). 

At lower elevation for the total 10.36%, Picea smithiana contributed 5.56, 

while Pinus walUchiana contributed 4.43%. However in highest elevation 

class 3.99% was contributed by Picea smithiana and 1.56 by Pinus 

wallichiana to the total of 5.80% established stocking per cent. The data 

pertaining to different species is given as under. 

i) Abies pindrow 

Abies pindrow regeneration was found only in highest elevation class, 

with weighted average height of 35 em, establishment index of 0.18, stocking 

index value of 0.014 and 0.24 established stocking per cent. 

ii) Picea snitthiana 

The regeneration for this species was present in lower, middle and 

higher elevations i.e. 2100-3000 m, with maximum established stocking per 

cent (5.56) in lowest elevation class followed by 3.99 in 2700-3000 m 

elevation class and minimum of 0.72 in middle elevation class. The maximum 

weighted average height (200 cm), establishment index (1.00) and stocking 

index (0.056) was obtained in lowest elevation class. 
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Table 39. Regeneration Establishment and stocking data for different tree 
species in Fir and Spruce forests in Kotkhai in PB-I 

Weighted Establishment Stocking Established 
Species average height index index Stocking percent 

(em) (I.) (12) (lOOxItx 12) 
Elevation-2100-2400 m 

Pieea smithiana 32.50 0.16 0.028 0.45 
Cedrus deodara 50.50 0.25 0.028 0.70 
Pinus walliehiana 23 .00 0.12 0.014 0.16 
Querewspp. 14.33 0.07 0.083 0.60 
Total 120.33 0.60 0.153 1.91 

Elevation-2400-2700 m 
Pieea smilhiana 60.00 0.30 0.014 0.42 
Abies pindrow 31.50 0.16 0.028 0.44 
Pinus walliehiana 200.00 1.00 0.111 11.11 
Total 291.50 1.46 0.153 11.97 

Elevation-2700-JOOO m 
Abies pindrow 106.00 0.53 0.069 3.68 
Picea smithiana 12.00 0.06 0.014 0.08 
Quercwspp. 15.50 0.08 0.167 1.29 
Total 133.50 0.67 0.250 5.06 

Table 40. Regeneration Establishment and stocking data for different tree 
species in Fir and Spruce forests in Kotkhai in PB-U 

Weighted Establishment Stocking Establisbed 
Species average beight index index Stocking percent 

(em) (II) (12) (IOOIlt:l 12) 

Elevation-2100-2400 m - .... ~ ... ---. 
Pieea smithiana 200.00 1.00 0.056 C-5.~6r 
Pinus wallichiana 127.50 0.64 0.069 -·4.43-· .. · . . 

Cedrw deodara 27.50 0.14 0.028 0.38 
Total 355.00 1.78 0.153 10.36 

Elevation-2400-2700 m 
Pieea smithiana 52.00 0.26 0.028 0.72 
Cedrw deodara 163.50 0.82 0.347 28.39 
Pinus wallichiana 107.67 0.54 0.083 4.49 
Total 323.17 1.62 0.458 33.59 

Elevation-2700-3000 m 
Abies pindrow 35.00 0.18 0.014 0.24 
Picea smithiana 115.00 0.58 0.069 3.99 
Pinus wallichiana 56.25 0.28 0.056 1.56 
Total 206.25 1.03 0.139 5.80 
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iii) Pinus wallichiana 

The regeneration of Pinus wallichiana was present in all the elevation 

classes from 2100-3000 m. The maximum weighted average height (127.50 

cm) and establishment index (0.64) was found in lowest elevation class. 

However, maximum stocking index of 0.083 and established stocking per cent 

of 4.49 was found in middle elevation class . 

iv) Cedrus deodara 

The regeneration study of Cedrus deodara revealed its presence in lower and 

middle elevation but maximum regeneration took place in elevation class 2400-2700 

m with established stocking per cent of 28.39. The maximum value for weighted 

average height 163.50 cm, establishment index (0.82) and stocking index (0.347) 

was also recorded in second elevation class. 
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Chapter - V 

DISCUSSION 

The results obtained from the present study has been discussed in this 

chapter to establish cause and affect relationship among various parameters studied 

to draw logical information in the light of available literature in the following 

headings. 

5.1 PHYTOSOCIOLOGICAL STUDIES 

The results of floristic composition study reveals that total number of species 

decreased in Bashla from 47 to 42 and in PB-I from 31 to 26 in Kotkhai forest range, 

whereas, increased in PB-U from 30 to 40 with increase in diameter (Table-2 to 16). 

The number of tree species in Jubbal in all elevations classes except PB-U in middle 

elevation was less as compared to corresponding elevation classes in Bashla and 

Kotkhai forest ranges. The minimum number of two tree species was present in 

highest elevation class in Kotkhai (PB-I) and Jubbal (PB-U) as compared to higher 

number of individuals under trees, shrubs and herbs in all the sites. The decrease in 

number from lower elevation to higher was due to variation in climatic condition 

towards the lower temperature and smaller growth period. The results are in 

accordance with the study of Joshi et al. (1986). The lower elevation in Bashla forest 

showed more presence of fir as compared to other species. This can be attributed to 

the less solar radiation outside canopy and micro climatic condition favorable for the 

growth of fir. Kumar et al. (2005) recorded the maximum number of trees and 

shrubs on the undisturbed sites, which is quite similar to the conditions of Bashla 

forest (under protection working circle) as well as PB-U areas in Kotkhai and 

Jubbal). 
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The total number of trees as well as IVI value of Abies pindrow decreased 

with increase in elevation class in Bashla forest range from 150 treeslha to 8.33 

treelha and 135.23 to 18.99 IVI value (Table-2 to 4). Whereas in contrast the 

dominance of Picea smilhiana increased from lower to higher elevation class with 

IVI value of 25.28 to 217.32, respectively. This variation is due to microclimatic 

conditions and poor exposure to sunlight at lower elevation (Table-28) and gaps at 

higher elevation as the density was less and small diameter classes contained more 

trees (Table-23). The number of species associated with fir and spruce are also more 

at lower elevation since the microclimatic conditions became favorable for the 

growth and development of associated species at lower elevation (Spurr and Barnes, 

1980). These results were also supported by the studies conducted by Rawat et aI. 

(1989) and Singh et aI. (1994) regarding the more frequent presence of dominant 

and co-dominant species then the other associates in the natural zone of tree 

distribution. The occurrence of Picea smithiana and Pinus wallichiana is more on 

exposed and drier aspect at different elevations (Inayatullah and Ticku, 1965), 

whereas, the presence of broadleaved species decreased with the presence of Picea 

smUhiana, which resulted in (ower dominance of fir and spruce forests. Similar 

findings were given by Dhani and Panwar (1999), regarding the occurrence of 

Quercus dUatala a moisture loving species on northern aspect. Further persistent 

increase in Quercus spp resulted in the decrease of main crop of deodar (Singh et al, 

1987). 

In Jubbal, the lowermost elevation was devoid of Abies pindrow whereas, it 

showed the presence with IVI value of 20.20 least among all tree species in middle 

elevation rfahle-6) and dominant in uppermost elevation class with IVI 192.35 

among 3 tree species present (Table-7). Similar trend was followed under PB-U 

except the higher presence of Abies pindrow in 2700-3000 m elevation with 

maximum IVI of ;,61.05 as compared to its associate Picea smithiana, with IVI 

value of 38.95 (Table-I 0). The tree species were less indicative of favorable 

conditions for fir and spruce growth at lower elevation. 
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In Kotkhai forest range Abies pint/row was absent in lowennost elevation 

class where the maximum dominance was of Quercus spp (126.29) followed by 

Picea smithiana 82.23 IVI in PB-I but the presence of Abies pindrow was higher in 

middle and highest elevation with 83.01 and 193.22 [VI followed by Quercus spp 

with (VI 78.04 and 106.78, respectively. The total basal area for trees increased 

from lowest to highest elevation class in all the three sites except in PB-U areas in 

Kotkhai, where the maximum basal area 361912.00 cm2/ha followed by 295147.88 ' 

cm2/ha and 322868.75 cm2/ha in low, mid and highest elevation classes, 

respectively, (Table-14 to 16). This can be attributed to more number of trees in 

higher diameter class then at lower ones (Table-27). In PB-U (Table 14-15) 

lowennost elevation was dominated by Pinus wallichiana followed by Quercus spp 

and Picea smithiana with 213.10, 57.34 and 29.56, respectively, whereas the middle 

elevation was dominated by Cedrus deodara followed by Picea smithiana. Abies 

pindrow was present only in highest elevation class where it showed the dominance 

with 140.22 value ofIVI (Table-16). 

Maximum shrubs were observed in Bashla forest range where the number of 

species decreased from lower elevation (I 1) to higher elevation (6) subsequently, 

while in Jubbal and Kotkhai maximum 8 and 6 shrub species were found in PB-U at 

lowest elevation and middle elevation class, respectively. This can be attributed to 

the growth of shrubs in exposed gaps created in old felling operations and allocation 

of these forests under protection working circle to avoid excessive damage, except to 

meet the limited need of local population. These studies are in line with the findings 

of Chandra et al. (I 999) regarding the dominance of shrubs in Himalayan temperate 

forests between 2550-3000 m. As regards the number of shrub species, Kotkhai PB-I 

observed least number of shrubs (2) in middle elevation class, which can be 

attributed to poor light conditions (Table-30) and poor regeneration conditions 

(Table-30). This can be attributed to the presence of large number of tree species (7) 

with higher density (Table-12), while shrub density was less (4801ha). Our results 

are in accordance to the study conducted by Rikhari et aI. (1991) in which they found 
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that with increased in richness in tree species leads to the reduction in the presence 

of shrubs. 

In JubbaI~ forest rang:. the presence of shrub species was aJmost equal in all 

elevation classes in PB-I with Berberis aristala > Wikstroemia canesecns > Rosa 

macrophylla > Viburnum conlinifo/ium but in the highest elevation the sequence of 

dominance was Viburnum continifolium > Cotoneaster bacillaries > Cotoneaster 

microphy/la (Table-5 to 7). In Bashla forest range total herbaceous species 

recorded were 28, 32 and 31 from lowest to highest elevation classes. Viola pilosa 

(44.85) was dominating followed by Fragaria vesca (35.28) and Perotis latifolia 

(25.72) in lowest elevation class. In middle and highest elevation class the 

dominance was of Fragaria vesca > Trifolium pratense > Dicanthium annulatum 

and Fragaria vesca> Cyperus aristatus > Galium aparine (Table-2 to 4) 

In Jubbal forest range herbaceous vegetation showed the presence of highest 
oJ 

number of 26 and 23 in middle elevation class in PB-I and PB-U (Table 6 & 9). 

About equal dominance of Cyperus aristatus (44.55) and Fragria vesca (43 .93) at 

lowest elevation class in PB-I, whereas in middle Trifolium pratense > Fragaria 

vesca > Galium aparine but at highest elevation class Fragaria vesca > Geranium 

wallichinum >Viola spp based on IVI (Table 5-7). 

In lowest elevation class, Cyperus aristatus was the dominant species with 

IVI value of 49.60 followed by Viola spp. (44.28) and Strobilanthus dalhousianus 

(30.38) under PB-U, and in middle and higher elevation classes Fragaria vesca > 

Trifolium p;'~t:nse > Ariseama intermedium and Fragaria vesca > Viola spp > 

Areseama intermedium The results of the study are similar to the study conducted by 

Gupta (1997) concerning species composition. However, there is slight variation in 

the dominance of th,~ species, it can be attributed to variation in aspect, management 

and grazing. Since the biotic factors interfere the dominance of plant species 

(Chandra et al, 1999). 
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In Kotkhai, the presence of herbaceous vegetation was higher (28) in highest 

elevations under PB-U areas, where the growth is unrestricted and conditions 

became favorable for the growth of herbaceous vegetation in the beginning (Table-

14 to 16). Whereas, the number of herbaceous vegetation was almost equal in PB-I 

ranging from 19 to 21 . The site was dominated by Fragaria vesca (54.56, 72 .35 and 

99.19) in all the elevation classes with highest IVI value from lowest to highest 

elevation class followed by Bistorta spp., Cyprus aristatus and Galium aparine at 

lower middle and highest elevation class on the basis of IVI value (fable-ll toI3). 

In PB-U at lowest elevation the sequence of dominance was Cyprus aristatus > 

Galium aparine. In addition, Fragaria vesca > Viola spp > Galium aparine in 

middle elevation. However, at highest elevation class Trifolium pratense > Fragaria 

vesca > Galium aparine. The variation in number of species and dominance may be 

attributed to the change in microclimatic conditions due to upper canopy trees 

combination and shrub species present in the area. The results are in accordance to 

the indication regarding the change in climatic conditions with elevation, aspect and 

phytosociologicaI association of different strata of vegetation (Khanna, 2001). 

Kumar et at (2005) also observed the increase in diversity with change in climatic 

conditions due to various abiotic and biotic factors. hl general the similarity among 

tree vegetation was higher between middle and highest elevation, whereas among 

shrubs, lower x middle but herbs species were almost similar in all elevation classes. 

In Bashla the similarity (Table-I7) for trees between lower x middle and 

middle x elevation highest was equal with 66.67% and for lowest x highest 

elevation was less and among shrubs it was maximum with 95.24% between lower 

and middle elevation class and in herbs it was nearly same although highest again 

for lowest and middle elevation class. Which is also evident from the study of 

Kumar et aI. (2005) that similarity increases with reduction in biotic interference. 

In Jubbal, similarity (Table-IS) for trees between different elevation classes 

" was equal whereas for shrubs and herbs minimum similarity observed was between 

2100-2400 m x 2700- 3000 m elevation class. Whereas the maximum similarity was 
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recorded between middle and highest elevation class for shrubs and lowest x middle 

elevations for herbs, which is the indication of the impact of elevation on climatic 

conditions and association of the species as the variation was less in middle elevation 

class (Table 6 & 9). 

In Kotkhai, maximum similarity in tree vegetation observed was between 

middle and highest elevation class (Table-19). However, overall similarity was more 

then 72.73% between different elevations, indicative of uniform distribution of trees. 

The higher similarity index generally above 50% in stands exhibit fairly uniform 

composition of the forest (Rikhari et al .. 1991). While the similarity value for shrubs 

remained low between lowest and highest elevation class, but lower x middle class 

similarity was highest. The herbaceous vegetation was less similar in lower and 

middle elevation class but the similarity was more between middle and highest 

elevation class. These results are in line with the findings of Gupta (1997). 

The diversity among trees decreased with increase in elevation in Bashla, 

PB-I and PB-U of Jubbal and PB-I of Kotkhai forest, however, diversity increased 

with increase in elevation in PB-U under Kotkhai forests. In case of shrubs the 

diversity decreased with increase in elevation in Bashla and Jubbal forest sites but in 

Kotkhai in both PB-I and PB-U the diversity increased with elevation indicative of 

biotic interference. In case of herbs the diversity was maximum in middle elevation 

in Jubbal, however in other forests no definite pattern was observed, but the 

variation was narrow. Regarding the diversity in species based on composition of 

trees, shrubs and herbs in different elevation classes and management system. The 

individual sp'tcies with maximum IVI as well as concentration of dominance have 

maximum diversity (Singh, 1998). On an average the diversity index value was least 

in trees which was followed by shrubs and herbs in increasing order in all the sites. 

In Bashl~ diversity decreased with increase in elevation class. Whereas, in other 

forests the value remained lower for middle elevation. The results are in accordance 

with the findings of Marpa (2005) and Chand (2004). 
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5.2 STAND CHARACTERSTICS 

It is evident from the table 23 to 27 that different tree parameters' like 

average diameter, average height and average crown width in general showed higher 

value for highest diameter class in all elevation classes and available periodic 

blocks. It is in accordance with the study on Acacia catechu by Singh, 2002; similar 

results were also reported in Cedrus deodara by Singh (2004). In Bashla forest 
I ~ 

range trees were found in diameter class ranging from 10-20 cm -100 em and above 

classes, in Jubbal forest range from 10-20 cm to 80-90 cm, whereas in Kotkhai from 

10-20 cm to 60-70 em diameter class trees were present in the three elevation classes 

and available periodic blocks with the absence of some tree diameter class at 

different elevations in Bashla, Jubbal and Kotkhai forest ranges, which may be 

attributed to the removal of trees in the past for packing cases to fulfill the petty 

requirement of local population. Stein (1988) also reported the decrease in main 

species with replacement by other species due to impact of biotic and abiotic factors. 

In general the total number of trees per hectare for fir and spruce increased 

with increase in elevation class from lowest to highest elevation class for the three 

sites (Table 23-27), which also resulted in increased percent crown cover except in 

Jubbal wllere middle elevation recorded least value. The presence of less number of 

trees of fir and spruce at lower elevation and higher number in higher elevation class 

may be because of its natural zone of occurrence and preferred habitat lies at higher 

altitude whereas lower altitude was preferred by other associates like Pinus 

wallichiana, Cedrus deodara, etc which is indicated by the floristic composition, 

where the presence of Pinus wallichiana (Table-5), Cedrus deodara (Table-I 5), 

Quercus spp (Table-II) and other associates were more in number then the main . 

species. The results are also supported by (Veillon, 1965). The presence of irregular 

number of trees in diameter class at different elevations may be due to the ban on 

green felling, thinning and improvement feIlings as well as more regeneration in 

past. 
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The average height of the trees increased with increase in diameter class, 

however, there was no marked trend for this parameter in different diameter classes 

with change in elevation class and periodic block. The least height of 9 m was 

observed for 1O-20cm diameter class in the middle and higher elevation in PB-I 

under Kotkhai range, which can be attributed to the rugher presence of Abies 

pindrow in 2400-2700m and absence of Picea smilhiana in 2700-3000m (fable-13). 

Total basal area of fir and spruce increased with increase in the elevation 

class of the tree in all the three sites and available PBs with maximum basal area of 

90.65 m2/ha, for 2700-3000m elevation class in PB-U (fable-25) in Jubbal forest 

range, which was due to increase in number of trees for fir and spruce with increase 

in elevation class. Similarly. trend for increase in basal area with increase in 

elevation c1ass was found when total basal area for all the species was compared. 

Total standing volume for fir and spruce followed the same trend as that of 

basal area (fable 26 & 21). The volume increased with increase in average diameter, 

average height and number of trees and change in the elevation class from 2100-

2400 m to 2700-3000m. This cab be attributed to the presence of appreciable 

number of trees in higher diameter class since diameter is important variable in 

volume estimation (Fatima and Hussain, 1984). 

The growth of fir was slow as compared to spruce in all the diameter classes 

and forest sites except in Jubbal, where the diameter growth of spruce was slow then 

fir in Bashla after the age of about 86 years in diameter class 40-50 cm, the results 

are in line wi!l the findings of Troup (1921). The regression equation of height and 

diameter with age developed by Antos et aI. (2000) for fir and spruce showed that 

spruce grew more rapidly then fir. 

REGENERATION AND SITE FACTOR STUDIES 

The presence of recruits of fir increased with increase in elevation, whereas, 

unestablished regeneration of spruce increased with elevation in Bashla forest range 
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(Table-31). However, both the species had equal number of established plants at 

lowest elevation. But established plants of spruce were recorded comparatively less 

at middle elevation. The established stocking per cent was maximum 22.00 in 

middle elevation followed by lower elevation where it was 20.87, whereas no 

regeneration was observed at highest elevation class for fir & spruce, and their 

associated species also followed same pattern with 11 .11, follov:ed by 6.35 and 

1.19% in middle, lower and highest elevation, respectively (fable-28), similar results 

were obtained for fir regeneration from lower to higher elevation in Narkanda (Gupta, 1997) . 

The middle elevation class were found to have least depth of organic matter (3.5 

cm), whereas at highest elevation the depth of organic matter was 8 cm since at 

higher elevation temperature responsible for decomposition is low. The crown 

projection ratio was maximum for associated species in contrast to the lowest for fir 

and spruce in middle elevation class. The higher projection ratio (24.84) was 

observed for fir and spruce in lowest elevation class, where per cent solar radiation 

was minimum (10.34). In the elevation classes where per cent solar radiation was 

higher supported the regeneration of the tree species .as evident from table 28-30. 

Similar trend was observed in Jubbal forest range and to some extent in Kotkhai 

also. In general, higher solar radiation per cent indicated the higher regeneration up 

to middle elevation but the low crown cover. The poor regeneration at higher 

elevation can be attributed to higher organic matter accumulation. These results are 

also supported b Jha et a1. (1984) and Singh et aI. (1987) 

In Jubbal forest range both in PB-I and PB-U the total regeneration in middle 

elevation class was higher for fir and spruce (29.75 and 9.60 respectively) whereas, 

at lower elevation in both periodic blocks the associated species contributed more to 

established stocking percent (Table-29). The presence of fir was nil in lower and 

middle elevation classes in PB-I and PB-U. The highest elevation class in PB-U 

contained only recruits whereas, PB-I showed Wlestablished as well as established 

regeneration. the regeneration of spruce decreased with increase in elevation in PB-I 

but increased in PB-U from lower to middle elevation class (Table 32 & 33) Agarwal 

and Patil (1956) observed that regeneration of fir and spruce was plentiful at lower 

69 



Discussion 

elevation under broad leaved trees, which supports the results of the investigation as 

number of broadleaved associate species are more on lower elevation classes (Table 

2-16). The highest elevation in PB-I had only 8.23 per cent of established stocking. 

In general, the depth of organic matter is having indirect relationship with the 

established stocking per cent (Singh, 1983). The low crown cover 105 .10 per cent in 

PB-I showed higher regeneration establishment of fir and spruce as well as the total 

regeneration of all the species. The percent crown cover was minimum which 

resulted higher under canopy solar radiation (750.67 lux) to reach forest ground. 

Similar results were obtained for natural regeneration studies of Abies coneD/or and 

Abies mangifica by Gordon (1970) and Ram Parkash (1991) for Cedrus deodara 

regeneration. 

In Kotkhai forest range the fir recruits and ~established regeneration was 

absent in lowest and middle elevation class in PB-U and lowest elevation in PB-I, 

whereas, established regeneration was absent in PB-U and in middle elevation of 

PB-I (fable-34 to 35). The regeneration of spruce was in all the elevation classes in 

both the PBs. In general the total regeneration was very less for all the species 

including fir and spruce ranging from 1.91 to 11.97 and 5.80 to 10.36 in PB-I and 

PB-U (Table-39 to 40) except in middle elevation of PB-V. The maximum fir and 

spruce regeneration of 5.56 per cent was observed in lowest elevation class followed 

by 4.24 per cent in highest elevation class and the associated species showed 

maximum regeneration of 32.87 per cent in PB-U and 11.11 per cent in PB-I at 

middle elevation (Table-30). Whereas middle elevation class in PB-U had maximum 

crown projection ratio, indicative of wide crowns due to open spaces, which is 

evident from '!ow value of under canopy solar radiation helpful for improvement in 

regeneration. In general solar radiation increased with the increase in elevation in all 

sites. However, the trend (Fig 2 to 4) of under canopy radiation (%) increased with 

elevation in both PB·I and PB-U in Jubbal and Kotkhai forest range and pH ranged 

between 6.43 to 6.55, which is almost equal in all elevation classes where the 

regeneration was found to be maximum. 
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Fig. 2. Percentage solar radlatlon{%) & Crown projection ratio w.r.t. Elevation 
change (Bashla forest Range) 
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Fig. 3. Percentage sol.r radiation & Crown projection ratio w.r.t elevation 
change (Jubbal forest range) 
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Chapter - VI 

SUMMARY AND CONCLUSION 

The results discussed in previous chapter are summarized here for the present 

investigation entitled "Studies on stand parameters and natural regeneration status of 

silver fir and spruce in Himachal Pradesh", conducted in Bashla, lubbal and Kotkhai 

forest ranges of Rohru and Theog Forest Divisions of Himachal Pradesh during 

2004-2005, with the following objectives: 

• To study stand characteristics of fir and spruce 

• To study the regeneration status of fir and spruce 

• . To identify the site specific factors responsible for the regeneration of fir and 

spruce 

PHYTOSOCIOLOGICAL STUDIES 

The results of floristic composition (Table 2-16) i·ndicated the dominance 

of Abies pindrow on the lower elevation classes while spruce on highest elevation 

class in Bashla forest range with 135.23 and 217.32 of lVI, respectively. The 

variation may be due to microclimatic conditions and poor exposure to sunlight at 

lower elevation and created gaps at higher elevation. In lubbal and Kotkhai ranges 

the lower elevation class was devoid of Abies pindrow, whereas Picea smithiana, 

Pinus wallichiana, Cedrus deodara and Quercus spp. were among . dominant 

species at lower and middle elevations. However, at highest elevation class Abies 

pindrow was dominating in both PB-I and PB-U in Iubbal as well as Kotkhai 

forest range. In case of PB-I Quercus spp. were dominating (126.29) in the lowest 

elevation range in Kotkhai, whereas, Pinus wallichiana dominated the PB-U areas 

with highest IVI value 213.10. The least number of shrub species were recorded 

i.e. 2 in PB-I in Kotkhai for the middle elevation class which was attributed to 

poor light and growth conditions. However, the maximum number of shrubs i.e. II 

was recorded in Bashla forest range in the lowest elevation class. On the basis of 

IVl value for shrubs Sarcococca saligna was found dominant in lowest elevation 
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in Bashla forest indicating favourable conditions for the growth of deodar but the 

presence of Abies pindrow was maximum, whereas, in upper elevation Rosa 

macrophylla was dominant followed by Viburnum cotinifolium. However, in 

lubbal Viburnum cotinifolium was dominant in middle and highest elevation under 

PB-I and PB-U, respectively followed by Rosa macrophylla. 

In Kotkhai Viburnum cotinifolium was dominant at lower and middle 

elevation in PB-I but in highest elevation of PB-U. which is indicative of favorable 

conditions for the growth of these species. Among 28 herb species in this forest 

Viola pilosa was dominating followed by Fragaria vesca and Perotis lati/olia. But 

from 2400 m to 3000 m i.e. in two elevations (2400·2700 m & 2700·3000 m) 

Fragaria vesca was the dominant species with IVI value of 72.45 and 52.92, 

respectively. 

For PB-I and PB-U areas in lubbal forest range recorded number of herb 

species was 26 and 23 in middle elevation class. Cyperus aristatus was found to 

be dominant in lowest elevation class, whereas, in middle and highest elevation 

class Fragaria vesca was dominating in both periodic blocks. In Kotkhai, the 

elevation classes 2700-3000 m in PB-U the number of herbaceous species was 

higher (28) among all the elevations and periodic blocks, where the growth was 

unrestricted and conditions became favourable for the growth of h~rbaceous 

vegetation. The site was dominated by Fragaria vesca for PB·I in all elevation 

classes followed by Bistorta spp., Cyperus aristatus and Galium aparine from 

lowest to highest elevation class, respectively. The similarity for trees between 

lower x middle and middle x highest elevation class was equal (66.67% and for 

lowest x highest elevation class was 61.54%. Among shrubs, it was maximum 

(95.24%) between lowest x middle elevation class and in case of herbs nearly 

equal similarity among the species present in the different elevations were 

observed in Bashla forest. In Jubbal similarity for all elevation was equal for 

trees, however. for shrubs and herbs minimum similarity of species was observed 

between lowest x highest elevation classes. whereas, maximum was between 

middle x highest elevation class for both shrubs and herbs. 
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The maxImum similarity for tree vegetation m Kotkhai was recorded 

between middle x highest elevation class. However, overall similarity of the area for 

trees, shrubs and herbs was above 66.67%, which indicates unifonn distribution of 

the vegetation. The conditions of overlapping composition of the vegetation and 

similar climatic conditions give higher similarity in vegetation. 

The diversity in species based on composition of trees, shrubs and herbs 

m different elevation classes and management system. On an average the 

diversity index value was least in the trees which was followed by s~~bs and 

herbs in increasing order in all the sites. 

STAND CHARACTERISTICS 

The growth and standing volume of fir and spruce among different stands 

(Table 23-27) showed increasing trend in average diameter, average height, average 

crown width with increase in diameter for all the diameter classes i.e. maximum 

value for highest diameter class in each site. In Bashla forest range trees were found 

in diameter classes ranging from 10-20 cm to 100 em & above, in Jubbal forest 

range from 10-20 to 80-90 em, whereas, in Kotkhai range, trees from 10-20 cm to 

60-70cm diameter class were present in all the elevation classes (3 classes) ranging 

from 2100-3000 m above mean sea level. However, some of different classes were 

absent in the stand. 

In general the total number of trees of fir and spruce increased with increase 

in elevation class from lowest to highest (Table 23-27), which resulted an increase in 

per cent crown cover except in Bashla for middle elevation class. In addition, there 

was an increase in total basal area of fir and spruce as we move up from lower 

elevation to highest elevation class. Among all the sites and available periodic 

blocks maximum basal area of 90.65 m2/ha was recorded in PB-U of Jubbal forest 

range at an elevation of 2700-3000 m. The total standing volume of fir and spruce 

followed the same trend as that of basal area. The volume increased with increase in 
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average diameter, average height and number of trees from lowest to highest 

elevation class. 

REGENERATION AND SITE FACTOR STUDIES 

The results of regeneration site factor studies of fir and spruce forests 

summarized from table 36-40 and the regeneration in these forests was found poor in 

all the sites in BasWa 33.11 % regeneration stocking was observed in middle 

elevation class. The maximum stocking of established regeneration of 36.99 % in 

PB-U of Jubbal forest range at an elevation class of 2100-2400 m, where the major 

contribution was of Pinus wallichiana (25.47%), followed by 35.31 % in PB-I in 

middle elevation. Whereas, in maximum regeneration (33.59) was found for PB-U 

in Kotkhai. Among three elevation classes minimum regeneration was recorded in 

highest elevation class for all the sites. The stocking of established regeneration was 

less than 15% of all the tree species, where the thick layer of organic matter was 

present ranging from minimum 7.25 cm in Kotkhai forest range (PB-V) to 11.50 em 

in Jubbal forest range (PB- U) in highest elevation class. The crown projection for fir 

and spruce ranged from 13.59 in PB U at highest to 28.52 for PB-I in Jubbal at 

middle elevation, which indicated the open spaces for good crown development. 

While, for associated species minimum crown projection was recorded 12.26 in PB 

U areas of Kotkhai range at lowest elevation class to maximum 27.74 in Bashla 

range in middle elevation. 

The pH value was acidic in fir and spruce forests in all sites and elevations 

(Table 28 to 30). The value of pH ranged from 6.12 at 2700-3000m elevation in 

Jubbal for PBtl to highest 6.65 for PB-U for Kotkhai range at highest elevation. The 

percentage solar radiation showed positive impact on regeneration in general. The 

regeneration was more with higher percentage of solar (adiation up to middle 

elevation. The lower amount of solar radiation also had impact on the presence of 

Abies pindrow at lower elevation with regard to its associates which occupy 

otherwise lower heights. 
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COCLUSION 

The present Investigation entitled "Studies on stand parameters and natural 

regeneration status of silver fir and spruce in Himachal Pradesh" can be concluded 

as: 

• The phytosociology of the area revealed that among trees fir and spruce 
. , ~ 

dominated most of the sites followed by Kail and deodar. 

• The most dominant shrub species recorded for different stands in the present 

studies were Rosa macrophylla, Cotoneaster bacillaris, and Viburnum 

cotinifolium. 

• In case of herb Fragaria vesca dominated most of the sites with maximum 

IVI value, the other species which were found in dominant form were 

Trifolium pratense. Cyperus aristams and Viola spp. 
I 

• The maximum similarity for trees was observed between highest x middle 

elevation in Kotkhai, for shrubs in lowest x middle elevation class in Bashala 

and for herbs in middle x highest elevation in Kotkhai. Similarity index 

value was more than 60 per cent for all trees, shrUbs and herbs indicating 

comparable uniformity in the vegetation 

• The maximum diversity for tree was observed in Kotkhai at an elevation of 

2400-2700 m in PB-I, for shrubs and herbs in Bashla for lowest and highest 

elevation class. 

• With increase in elevation class there was increase in number of trees, total 

basal area, total volwne and crown cover of the trees offir and spruce which is 

indicative of optimum condition at higher elevation better growth of fir and , 
spruce forests. 

• Age have profound effect on diameter of trees as it was observed that higher 

density of tree resulted in less then expected diameter. Reverse was true in 

case of sparSe vegetation for both the species. 

75 



Summary and Conclusion 

• The per cent solar radiation increased with decrease in crOM} cover at lower 

elevations resulted in higher crown projection ratio. Whereas, organic 

matters layer increased with increase in elevation. 

• At highest elevation, the established stocking percentage for regeneration 

was scanty while the middle elevation supported regeneration of fir and 

spruce. 

• The regeneration of associated species of fir and spruce showed increasing 

trend with the increase in their respective crown projection ratio. 
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ABSTRACT 

The present investigation entitled "Studies on stand parameters and natural regeneration status of 
silver fir and spruce in Himachal Pradesh" was carried out in Bashla, lubbal and Kotkhru forest ranges 
(District Shimla) of Himachal Pradesh from 2100-3000 m a.m.s.l. In the study three plots of 20mx20m 
were taken for trees at three elevation class i.e. 2100-2400 m, 2400-2700 m and 2700-3000 m in each stand 
and within which S quadrates of Smx5m, 12 quadrates of lrnx lrn and 9 quadrates of 2 mx2m were selected 
for the study of shrubs, herbs and regeneration. The floristic composition studies revealed that among trees 
Abies pindrow and Picea smithiana dominated most of the sites. The maximum dominance of Abies 
pindrow (261.05 IVI) and Picea smithiana (217.32 IVI) was found, at highest elevation of lubbal forest 
range in PB-U and Bashla forest range, respectively. The dominant shrub species in study area were 
Sarcococca saligna, Rosa macrophylla, Berberis aris/ala, Lonicera angusti/olia cotoneaster baci/laries, 
Viburnum cotinifolium, while for herbs most dominant were Fragaria vesca, Trifolium pratense and 
Cyperus aristatus. The similarity index value was more then 60% for all the three components (tree, shrubs 
and herbs) indicating unifonnity in vegetation. The maximum diversity was obseIVed between herbs 
followed by shrubs and trees. The result obtained for various fir & spruce parameters viz., average 
diameter, average height, average crown width showed increasing trend from lower to higher diameter 
classes in all sites. The presence of trees in different elevation classes showed increasing trend from lower 
to highest elevation. The maximum number of fir and spruce trees 5751ha were found in PB-I at highest 
elevation class in Jubbal. Total basal area, volume and crown cover also showed increasing trend from 
lowest to highest elevation class. Maximwn basal area (90.65 m2/ha) and volume (1044.53 m2

/ ha) was 
found in highest elevation class of lubbal forest in PB-I. The regeneration increased with increase in 
elevation, total radiation, crown projection ratio and normal (about 100%) crown cover. The low 
regeneration was obtained at highest elevation where there was thick layer of organic matter and higher 
light intensity. The higher projection ratio of associated species resulted in better regeneration. The over all 
regeneration status of these forests was less than 36 % showing the general trend of regeneration as Pinus 
wallichiana > Picea smithinana. Whereas the regeneration of Abies pindrow was poor and that can be due 
to the non fulfilhnent of the optimum requirements for the regeneration of the species at higher elevation. 
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Appendix- I 

Projected age for different diameter class in Bashla, JubbaJ and Kotkhai ranges 

A2e (yean) 
DBH Class Bashla Jubbal Kotkhai 

Abies pindrow 
10-20. 43 .08 46.81 52.59 
20-30 57.78 71.51 63.59 
30-40 72.48 96.21 .- 74.59 
40-50 87.18 120.91 85.59 
50-60 101.88 145.61 96.59 
60-70 116.58 170.3 I 107.59 
70-80 131.28 195.01 118.59 
80-90 145.98 219.71 129.59 

90-100 160.68 244.41 140.59 

Picea smithiana 
10-20. 41.06 34.16 36.47 
20-30 54.06 51.46 48.47 
30-40 67.06 68.76 60.47 
40-50 80.06 86.06 72.47 
50-60 93.06 103.36 84.47 
60-70 106.06 120.66 96.47 
70-80 1l9.06 137.96 108.47 
80-90 132.06 155.26 120.47 

90-100 145.06 172.56 132.47 

Regression equation and R2 values used for tree age in Bashla, Jubbal and Kotkhai ranges 

Abies pindrow 

Bashla y = 21.03 + 1.47x and R2= 0.896 

Jubbal y = 9.67 + 2.47x and R2 = 0.827 

Kotkhai y = 36.09 + 1.10x and R2= 0.838 

Where, 

y == tree age (dependent variable) 

Picea smithiana 

Bashla y = 21.56 + 1.30x and R2= 0.873 

Jubbal y == 8.21 + 1.73x and R2 = 0.915 

Kotkhai y == 18.47 + 1.20x and R2 = 0.838 

x = diameter at breast height (independent variable) 

a = y-intercept 

b = slope of the line 



Appendix- II 

Total number of species for trees shrubs and herbs in Bashla, Jubbal and 
Kotkhai forest ranges at different elevation classes and available periodic blocks 

Bashla forest range 

Component Elevation class 

2100-2400 m 2400-2700 m 2700-3000 m 

Trees 8 4 5 

Shrubs 11 10 6 

Herbs 28 32 31 

Total 47 46 42 

J ubbal forest range 

Elevation class 

Component 2100-2400 m 2400-2700 m 2700-3000 m 

PB-I PH-U PH-I PH-U PH-I PB-U 

Trees 3 3 4 5 3 2 

Shrubs 7 8 6 4 6 4 

Herbs 18 18 26 23 19 22 

Total 28 29 36 32 28 28 

Kotkhai forest range 

Elevation class 

Component 2100-2400 m 2400-2700 m 2700-3000 m 

PH-I PH-U PB-I PH-U PH-I PH-U 

Trees 5 3 7 3 2 6 

Shrubs 5 4 2 6 5 6 

Herbs 21 23 20 24 19 28 
I--

Total 31 30 29 33 26 40 
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ABSTRACT 

The present investigation entitled "Studies on stand parameters and natural regeneration status of 
silver fir and spruce in Himachal Pradesh" was carried out in Bashla, lubbal and Kotkhai forest ranges 
(District Shimla) of Himachal Pradesh from 2100-3000 m a.m.s.l. In the study three plots of 20mx20m 
were taken for trees at three elevation class i.e. 2100-2400 m, 2400-2700 m and 2700-3000 m in each stand 
and within which 5 quadrates of 5mx5m, 12 quadrates of lrnxlrnand 9 quadrates of2 rnx2m were selected 
for the study of shrubs, herbs and regeneration. The floristic composition studies revealed that among trees 
Abies pindrow and Picea smilhiana dominated most of the sites. The maximum dominance of Abies 
pindrow (261.05 IV!) and Picea smithiana (217.32 IVI) was found, at highest elevation of Jubbal forest 
range in PB-U and Bashla forest range, respectively. The dominant shrub species in study area were 
Sarcococca sa!igna, Rosa macrophylla, Berberis aristala, Lonicera angustifolia cotoneaster hacillaries, 
Viburnum colinifolium, while for herbs most dominant were Fragaria vesca, Trifolium pratense and 
Cyperus aristalus. The similarity index value was more then 60% for all the three components (tree, sluubs 
and herbs) indicating unifonnity in vegetation. The maximum diversity was observed between herbs 
followed by shrubs and trees. The result obtained for various fir & spruce parameters viz., average 
diameter, average height, average crown width showed increasing trend from lower to higher diameter 
classes in all sites. The presence of trees in different elevation classes showed increasing trend from lower 
to highest elevation. The maximum number of fir and spruce trees 575/ha were found in PB-I at highest 
elevation class in Jubbal. Total basal area, volume and crown cover also showed increasing trend from 
lowest to highest elevation class. Maximum basal area (90.65 m2/ha) and volume (1044.53 m2t ha) was 
found in highest elevation class of Jubbal forest in PB-I. The regeneration increased with increase in 
elevation, total radiation, crown projection ratio and normal (about 100%) crown cover. The low 
regeneration was obtained at highest elevation where there was thick layer of organic matter and higher 
light intensity. The higher projection ratio of associated species resulted in better regeneration. The over all 
regeneration status of these forests was less than 36 % showing the general trend of regeneration as Pinus 
wallichiana> Picea smithinana. Whereas the regeneration of Abies pindrow was poor and that can be due 
to the non fulfillment of the optimum requirements for the regeneration of the species at higher elevation. 
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