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ABSTRACT 
Western Himalaya has long been recognized as a distinct floristic region in India. The present study was conducted in 
Kinnaur district of northwest Himalaya aiming to assess the structure of vegetation and its trend in the different 
agroforestry systems viz agrihorticulture (AH), agrisilviculture (AS) and agrihortisilviculture (AHS) systems under two 
different climatic condition (C1) Dry temperate high hills and (C2) High hills temperate dry and cold.  A total of 17 tree 
species belongs to 8 different families were recorded in agri-horticulture agrisilviculture and agrihortisilviculture 
systems; of which 5 trees were common in northern western Himalaya rezone due to their economic value. The apple tree 
(Malus domestica) was recorded to be dominant fruit tree species with highest IVI values on both climatic conditions. 
Study revealed 35 families of herbs, 15 shrubs families and 8 tree families were recorded in different agroforestry 
systems. Result revealed that dry temperate high hills (C1) climatic condition, maximum basal area ranged between 
16.121 to 20.343 cm2 m-2. Under climatic condition (C2) basal area varied between 15.319 to 18.886 cm2 m-2. Among 
agriculture crops, Zea mays accounted higher (10.112 cm2 m-2) herbage basal area among all agricultural crops. Under 
(C2) climatic condition, maximum basal area showed by Brassica oleracea (10.048 cm2 m-2). Among all shrubs, Artemisia 
vulgaris (426.67 plants ha-1) was most dominant shrub species found in both climatic conditions with (87.39) IVI value. 
Malus domestica was most dominant tree species showed highest density (503.33 plants ha-1) and highest IVI (287.58). 
Hordeum vulgare reported highest density (37.867 tiller m-2), basal area (3.215 cm2 m-2) and IVI (103.793) among all 
land use system in both climatic conditions. The maximum value (2.26) of Shannon Weiner Index (H') was displayed by 
AS systems, which was significantly at par with AHS systems (2.21) and AH system (1.80). The maximum value of SDI was 
recorded in AH systems (0.22) which was significantly at par with AS system (0.16) and AHS systems (0.15). This study 
gives an insight into the floristic diversity and community structure of different agroforestry systems and their 
management practices. 
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INTRODUCTION 
North western Himalayan region is spread between 28°43'-37°05′ N latitude and 72°40'-81°02' E 
longitude covering an approximate area of 33 million ha. The major natural resources of Western 
Himalayas are water, forests, floral, and faunal biodiversity [10]. Agroforestry land use, covering 20% of 
the total geographical area of the Indian Himalaya, is distributed as patches in the matrix of forests 
covering 52% area. Hence, land development planning in the region needs to be based on an integrated 
consideration of agroforestry and forestry systems rather than considering the two systems as 
independent or alternative land uses as number of studies on Himalayan agroforestry systems are 
available [27]. Because of multipurpose activity of agroforestry, it is complex in structure and involves a 
high degree of biodiversity (28).It is essential that detail survey of traditional agroforestry systems is 
required to assess the present situation. 
Species composition varies depending upon the size of the land holdings, and the basic requirements of 
the farmers. Agroforestry is a common practice in the mid hill situation of Himalaya. Cultivation of 
agricultural crops along with fruit trees (agri-horticulture) is an exclusive and unique practice in the 
Himalayan region. Fruit trees are planted and/or retained by the farmers as associate crops on 
agricultural fields. Himachal Pradesh is one of the ideal locations for apple cultivation, covering the 
districts of Shimla, Siramour, Kullu, Mandi, Chamba and Kinnaur considering the vast production of apple 
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orchards. The much-awaited delicious variety of apples from Himachal Pradesh's Kalpa (Kinnaur district) 
where horticulture is considered as a major livelihood source, most of all the households are involved in 
horticulture activity. The major horticulture produce in this area is apple [3].   
Under agri-silviculture system, foliage from trees and shrubs is used widely during the dry winter in 
smallholder farming systems, specifically in the mid-hills.Trees and s nzhrubs are often the only source of 
green material of relatively high protein content used by sedentary farmers to supplement low protein 
diets based on crop residues. The importance of trees and shrubs as a feed resource has encouraged 
research workers to identify those species in use and develop feeding systems that will improve the 
contribution of these plants to the livelihood of smallholder farmers [17].Considering above, the study 
was conducted with the objective to study the composition of trees under different agroforestry systems 
in Kinnaur district of Himachal Pradesh. 
 
MATERIALS AND METHODS 
The present study will be carried out in dry temperate regions of Himachal Pradesh. The area spreads in 
six districts viz., mainly focused in Pooh, Spillow and Reckong Peo(Fig. 1). The latitudinal and longitudinal 
range of dry temperate zone lies between 31° 05' 50''- 32° 05' 15'' N and longitude 77° 45' -79° 00' 35'' E. 
Altitudinal range of this zone is about 2350m to 6816m above mean sea level and climate is sub-tropical. 
In this area rainfall is approximately 682.24 mm. The soils found in this area are generally brown, alluvial 
and grey brown podzolic. At each site, three land use systems viz., agrihorticuluture, agrisilviculture, 
agrihortisilviculture were identified through extensive survey work in two different climatic conditions 
viz (C1) Dry temperate high hills and (C2) High hills temperate dry and cold (Table1). 
 

 
Figures 1:- Geographic map of Kinnaur District of Himachal Pradesh. 

 
Most of the Kinnaur has a temperate climate due to its high elevation, with long winters from October to 
May and short summers from June to September. The lower parts of the Satluj valley and the Baspa valley 
receive monsoon rains. The upper areas of these valleys and lower reaches of Spiti valley in Kinnaur fall 
in the rain shadow area. These areas are considered to be arid regions, having climate similar to Tibet. In 
the lower reaches of Satluj and Bapsa Valleys, the vegetation comprises trees like pine, oak, chestnut, 
birch, deodar, fir, grasses and shrubs giving a lush look to the area. The rain shadow area, having higher in 
general, has sparse vegetation comprising hardy grasses, dry alpine scrub, and dwarf juniper scrub. The 
transition area between these two climatic and vegetation zones is home to chilgoza dry fruit. A unique 
feature of Kinnaur is that the fruit trees like apple, apricot, almonds are cultivated by the farmers across 
these zones successfully.  
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Density of trees was calculated by counting them in each land use system in 10 m×10 m plots, which was 
replicated 10 times. Basal area of each tree was calculated with the help of DBH measured by tree calliper 
in the sample plot. Shrubs were studied in each land use system by laying out 5 sub plot of size 5 m × 5m. 
Density of shrubs was calculated by counted plants of different species in each sub plot. The basal area of 
shrubs was estimated by cutting plant samples of different species using random stratified sampling 
method. 
Herbaceous vegetation in different land use systems was studied in the growing season (September-
October) by harvesting three quadrates of size 1m×1m each from every land use system from the sample 
plots, which was replicated 10 times. Similarly 0.5m × 0.5m quadrate was made for grass in each plot, 
which was replicated 10 times. The vegetation from each quadrate was segregated species wise and 
identified with the help of herbarium in the UHF experts & text books. Each species was analysed 
quantitatively for various parameters viz., basal area, density, frequency & IVI. Important community 
parameters such as frequency, density, abundance, basal area of all the plant species were worked out by 
following (14) which is given as below: 
Basal area 
The cross sectional area of shrubs, herbs & trees falling in the recording unit was determined by the 
formula as:- 

 

  ����� ���� =
���

�
        (where d= diameter in ‘m’) 

Frequency 

It is the indicator of number of samples in which given species occurs, thus express the distribution of 
various species in community. 
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Density 
It represents the population of a species in the community and was calculated by counting number of 
species in the sample plot / sub-plot /quadrate. 
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The importance value index (IVI) for each species was worked by using formula given by Curtis and 
McIntosh (6) given as below: 
Importance Value Index (IVI) = Relative density + relative dominance + relative frequency 
The species diversity index (H') was determined by using the method given by Shannon & Wiener (1963): 
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Where, H’ = Shannon Weiner index 
              N = Total no. of individuals of all the species 
              Ni = Total no of individuals of ith species 
 ln =  Natural log 
Shannon Weiner’s index is a measure of the amount of information needed to describe every member of 
the community. 
Simpson’s diversity index was calculated by Simpson’s index: 
 

� =
�(� − 1)

2�(� − 1)
 

Where, D = Diversity index; 
N = Number of individual of a species. 
Simpson’s diversity index gives the probability that individuals, selected at random will belong to the 
species. 
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RESULTS AND DISCUSSION 
Phytosociology of plant species in different land use system. 
Phytosociology of herbage 
Growing trees along the edges in the agricultural field is an age-old practice in the Indian Himalaya. There 
are a variety of multipurpose tree species grown and managed for subsistence requirement of local 
communities [12, 31] such as fuel wood, timber, fruits and raw materials. Each species play a definite role 
and possess its structural and functional individualism in the community. As such it is necessary to study 
numerical abundance and spatial distribution of all the species in understanding the community 
organization. The most important aspect of the agroforestry and forestry systems is lessening the 
anthropogenic pressure on natural forests [16, 19]. The phytosociology of the herbage, shrub and tree 
layer in the present context has been dealt under density, data in Table 2 shows density of herbage 
including agricultural crops under different land use systems ranged from 13.001 to 15.465 (tillers m-2). 
The maximum total density displayed by agrihorticulture at dry temperate high hills (C1) climatic 
condition than high hills temperate dry and cold (C2) climatic condition.  
At (C1) climatic condition maximum herbage total density was displayed by agrihorticulture (15.465 
tillers m-2) followed by agrisilviculture (14.133 tillers m-2) and agrihortisilviculture (13.065 tillers m-2). 
Under C2 climatic condition agrisilviculture (14.566 tillers m-2), shows higher herbage total density 
followed by the agrihortisilviculture (14.502 tillers m-2) and agrihorticulture systems (13.001 tillers m-2), 
respectively. Similar density was observed by Gupta et al. (7), Hailu (8) and Singh et al.(25).Among all 
agroforestry systems, in (C1) climatic condition agricultural crops namely Beta vulgaris L. followed by 
Phaseolus vulgaris was the predominant crops. Under C2 climatic condition Phaseolus vulgaris followed by 
Zea mays was the predominant crops. 
Data in Table 3 shows herbs basal area under different land use systems, in (C1) climatic condition, basal 
area ranged between 16.121to 20.343 (cm2m-2). Result sows that most of land use systems viz., 
agrisilviculture and agrihortisilviculture land use systems displayed higher herbage basal area at (C1)  
climatic condition than (C2)  climatic condition than. At (C1) climatic condition maximum (20.343 cm2 m2) 
herbage basal area was recorded in agrisilviculture systems followed by agrihortisilviculture system 
(19.536 cm2 m2) and agrihorticulture systems (16.121cm2 m-2). Similarly, climatic condition (C2) basal 
area varied between 15.319 to 18.886 (cm2m-2). In C2climatic condition maximum basal area was 
recorded in agri-silviculture systems (18.886 cm2m-2) followed by agrihorticulture systems (16.155 cm2 

m-2) and agri-horti-silviculture system (15.319 cm2m-2).  
Among all herbaceous species, Prunella vulgaris in agrisilviculture exhibited minimum (0.003 cm2 m-2) 
basal area besides agricultural crops. Among agriculture crops, Zea mays accounted higher (10.112 cm2 m-

2) herbage basal area among all agricultural crops under agrisilviculture system. Climatic condition (C1), 
maximum basal area showed byZea mays (10.112 cm2 m-2) in agrisilviculture system followed by Brassica 
oleracea (9.865cm2m-2) in agrihortisilviculture system. Climatic condition (C2), maximum basal area 
showed byBrassica oleracea(10.048 cm2 m-2) in agrisilviculture system followed by Zea mays (7.860cm2m-

2) under same system. Data showed in Table 4 for IVI in plant species in different land use systems 
revealed that the maximum IVI (79.89) was accounted by Brassica oleraceain agrihorticulture system and 
minimum IVI (1.23) was showed by Ageratum conyzoidein agrisilviculture system in (C1) climatic 
condition. In (C2) climatic condition maximum IVI value showed by Brassica oleracea (85.24) and 
minimum IVI (1.11) was showed by Arebidopsis thaliana and Erigeron multiaulis in agrihortisilviculture 
system. 
Phytosociology of shrubs  
The density (plants ha-1) of various shrubs species in different land use systems have been demonstrated 
in Table 5 and 6. Under (C1) climatic condition, the maximum density of shrubs (1573.33plants ha-1) was 
found in agrihorticulture system followedby agrisilviculture (853.33 plants ha-1) and agrihortisilviculture 
(800 plant ha-1). In (C2) climatic condition, the maximum density was observed by agrihorticulture 
system (706.67 plants ha-1) followed by agrihortisilviculture system (666.67 plants ha-1) and 
agrisilviculture system (506.67plants ha-1). Similar results were also observed by Umrao [29], Sharma et 
al.(23) and Rawat et al [20]. Among all shrubs, Artemisia vulgaris(426.67 plants ha-1) was most dominant 
shrub species found in both climatic conditions with (87.39) IVI value. Several other workers also 
reported similar values for different forests of Himalaya (13 and 18). 
Under (C1) climatic condition, maximum density was recorded by Artemisia vulgaris(426.67 plants ha-1) 
in AH systems fallowed by (373.33 plants ha-1) in AS systems and (266.67plants ha-1) in AHS systems. In 
(C2) climatic condition maximum density was recorded by Artemisia vulgaris(133.33 plants ha-1) in AH 
and AHS systems. Similar maximum density was also observed by Arctium lappa and Ephedra 
gerardiana(133.33 plants ha-1) in AS systems. In (C1) climatic conditionRosa webbaiana and Syringa 
emodi shows (26.67 plants ha-1) minimum density in AH systems. In AS system Caranga brevispina, 
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Berberis aristata, Lonicera  quinquelocularis and Rosa webbaiana shows minimum density (26.67 plants 
ha-1), where as Plectranthus rugosus reported (26.67 plants ha-1) minimum density. 
Under (C2) climatic condition Artemisia vulgaris(133.33 plants ha-1) recorded maximum density in AH 
and AS systems. Artemisia maritima and Ephedra gerardiana (133.33 plants ha-1) recorded maximum 
density in AHS systems. In (C2) high hills temperate dry and cold condition, Minimum density was 
displayed by Rosa webbaiana, Rubus purpureus, (26.67 plants ha-1) in AH systems. Abelia triflora, 
Juniperus macropoda,Lonicera  quinquelocularis and Plectranthus rugosus displayed minimum density 
(26.67 plants ha-1) in AS systems. Similarly Juniperus macropoda and Woodfordia fruticosa   occupied 
minimum density (26.67 plants ha-1) in AHS systems. 
Under dry temperate high hills (C1) climatic condition, maximum basal area occupied by Artemisia 
vulgaris, (0.099 m2 ha-1) and (0.041 m2 ha-1) in AH and AHS systems respectively, whereas maximum basal 
area displyed by Arctium lappa(0.192 m2 ha-1) in AS systems. Similarly minimum basal area was reported 
by Lonicera  quinquelocularis(0.003 m2 ha-1) in AH systems. Under AS system minimum basal area was 
occupied by Caranga brevispina(0.006 m2 ha-1) reported minimum basal area(0.218 m2 ha-1). In AHS 
system Plectranthus rugosus (0.008 m2 ha-1) reported minimum basal area. In (C2) climatic condition 
maximum basal area was reported by Juniperus macropoda (2.872 m2 ha-1) fallowed by (0.619 m2 ha-1) 
AHS systems and (0.408 m2 ha-1) AS systems. However, minimum basal area was occupied by Syringa 
emodi(0.002 m2 ha-1) in AH systems. Under AS system minimum basal area was occupied by Caranga 
brevispina (0.006 m2ha-1) and Artemisia vulgaris reported minimum basal area(0.006 m2 ha-1) in AHS 
system. The total maximum basal area for shrubs was reported by AH systems (0.354m2 ha-1) fallowed by 
AS systems (0.367 m2 ha-1) and AHS systems (0.187 m2 ha-1) in dry temperate high hills C1 climatic 
condition. In C2 climatic condition total maximum basal area for shrubs was reported by AH systems 
(3.021m2 ha-1) fallowed by AHS systems (0.818m2 ha-1) and AS systems (0.691 m2 ha-1). 
At (C1) climatic condition, maximum IVI was reported by Artemisia vulgaris (87.39) in AH system fallowed 
by (86.14) in AS system and (75.59) in AHS system whereas, minimum IVI was found in Lonicera  
quinquelocularis(6.48) in AH system. In AS system minimum IVI was reported by Caranga brevispina 
(7.96). Under AHS system minimum IVI was recorded for Plectranthus rugosus (12.63). In (C2) climatic 
condition, maximum IVI was reported by Juniperus macropoda (42.70) in AH system fallowed by (42.25) 
in AS system. Under AHS system maximum IVI was reported byWoodfordia fruticosa (48.24). Similar 
results were also concluded by Attri et al (2017). The minimum IVI was occupied by Syringa emodi 
(11.92) in AH system. In AS systems minimum IVI was reported by Rhus semialata (13.85).Under AHS 
system minimum IVI was observed in Artemisia vulgaris (13.26). 
Phytosociology of trees 
8 trees species (5 horticulture trees and 9 forest tree species) were recorded in various agroforestry 
systems under both climatic conditions. The phytosociological attributes viz., density (plants/ha), basal 
area (m2 ha-1) and IVI of various tree species in different land use systems are depicted in Table 7 and 8. 
Under (C1) climatic condition, the maximum density of trees (513.33 plants ha-1) was found in 
agrihorticulture system followed by agrihortisilviculture (393.33 plants ha-1) and agrisilviculture (243.33 
plant ha-1). In C2 climatic condition, the maximum density was observed by agrihorticulture system (530 
plants ha-1) followed by agrihortisilviculture system (430.00 plants ha-1) and agrisilviculture system 
(260.00 plants ha-1).Malus domestica showed (503.33plants ha-1) and (486.67 plants ha-1) highest density 
in AH systems under C1 and C2 climatic condition.  Due to climatic condition and good economic return in 
agri-horticulture system, Malus domestica found dominant species in all agroforestry system. Our study 
best support by Bijalwan (5). 
In AS systems Celtis australis (60.00plants ha-1) and Malus domesticarecorded (206.67 plants ha-1) 
highest density in AHS systems. At (C1) climatic conditionPersimmon showed (3.33 plants ha-1) minimum 
density in AH systems. In AS system Cedrus deodara and Pinus gerardiana shows minimum density (3.33 
plants ha-1), whereasQuercus incana reported (6.67 plants ha-1) minimum density. Under (C2) climatic 
conditionJuglans regiaand Pinus gerardiana (6.67 plants ha-1) recorded minimum density in 
agrihortisilviculture system. Similar value was recorded by Bijlwan [5].  
 Under (C2) climatic condition Malus domestica showed (486.67plants ha-1) in AH systems and (230.00 
plants ha-1) in AHS system. Similarly Quercus incana shows highest density (60.00 plants ha-1) in AS 
systems. Similar density for fuel wood trees was also reported by Thakur et al. (26), in agrisilviculture 
systems at western Himalayas. However, in (C2) climatic condition minimum density was observed by 
Prunus dulcis(43.33 plants ha-1) in AH system,Populus ciliata(20.00 plants ha-1) in AS systems. Juglans 
regia and Pinus gerardiana reported (6.67plants ha-1) minimum density at AHS systems. 
In (C1) climatic condition, maximum basal area (12.858 m2 ha-1) and (3.888 m2 ha-1) was reported by 
Malus domestica in AS and AHS systems respectively, whereas maximum basal area shows by Celtis 
australis (2.469 m2 ha-1) in AS systems. Similarly minimum basal area was observed by Diospyros kaki 
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(0.097 m2 ha-1) in AH systems. Under AS system minimum basal area was occupied by Pinus wallichiana 
(0.096 m2 ha-1) and Salix alba reported minimum basal area(0.218 m2 ha-1) in AHS system. In (C2) climatic 
condition maximum basal area (9.777 m2 ha-1) and (6.288 m2 ha-1) was reported by Malus domestica in AS 
and AHS systems respectively, whereas maximum basal area shows by Quercus incana (2.553 m2 ha-1) in 
AS systems. Similarly minimum basal area was observed by Prunus dulcis (0.765 m2 ha-1) in AH systems. 
Under AS system minimum basal area was occupied by Populus ciliata (0.837 m2ha-1) and Juglans regia 
reported minimum basal area(0.212 m2 ha-1) in AHS system. The total maximum basal area was reported 
by AH systems (13.204 m2 ha-1) fallowed by AHS systems (10.322m2 ha-1) and AS systems (9.594 m2 ha-1) 
in dry temperate high hills C1 climatic condition. In C2 climatic condition total maximum basal area was 
reported by AHS systems (14.408 m2 ha-1) fallowed by AS systems (11.185 m2 ha-1) and AH systems 
(10.542m2 ha-1). 
At (C1) climatic condition, maximum IVI was reported by Malus domestica (287.58) in AH system fallowed 
by (125.25) AHS system. Under AS system maximum IVI was reported byCeltis australis (76.00) whereas, 
minimum IVI was found in Pinus wallichiana (3.52) in AS systems. Under AH systems minimum IVI was 
reported by Diospyros kaki (4.01).Under AHS system minimum IVI was observed in Salix alba (5.86). In 
(C2) climatic condition, maximum IVI was reported by Malus domestica (269.25) in AH system fallowed by 
(134.32) in AHS systems. Under AS system maximum IVI was reported byQuercus incana(68.75) whereas, 
minimum IVI was found in Populus ciliata(24.23). In AH systems minimum IVI was reported by Prunus 
dulcis(30.75).Under AHS system minimum IVI was observed in Juglans regia(6.44). 
Phytosociology of gasses 
The phytosociological characteristics like, density (tiller m-2), basal area (cm2 m-2) and IVI of various grass 
species in different land use systems are presented in Table 9 and 10.Under (C1) climatic condition, 
agriculturecrop Hordeum vulgare reported highest density, basal area and IVI in all land use system in 
both climatic conditions. The maximum density of Hordeum vulgare (37.867 tiller m-2) was found in AS 
system followed by AHS (32.800 tiller m-2) and AH (24.933 tiller m-2). In grasses minimum density was 
recorded by Heteropogon contortus in AH (0.800 tiller m-2) land use system. In AS system Eragrostis nigra 
(1.067 tiller m-2) shows minimum density. Similarly under AHS system Cymbopogonmartiniand Trisetum 
spicatumshows (0.933 tiller m2) minimum density.  
Under (C1) climatic condition, maximum basal area was recorded by Hordeum vulgare. The maximum 
basal area of Hordeum vulgare (3.215 cm2m-2) was found in AH system followed by AS (0.075 cm2 m2) and 
AHS (0.067 cm2m-2). In grasses the minimum basal area was recorded by Heteropogon contortus(0.006 
cm2m-2) in AH system. In AS system Avena aspera (0.004 cm2m-2) shows minimum basal area. Similarly in 
AHS systems minimum basal area was reported by Setaria glauca(0.008 cm2m-2). In all land use system 
maximum IVI was reported by Hordeum vulgare (103.793) in AS system fallowed by (95.820) in AHS 
system and AH systems (93.663). Under (C1) climatic condition The minimum IVI was recorded by Avena 
aspera (4.452) in AH system. Under AS system minimum IVI was observed in Eragrostis nigra (5.650), 
whereas Trisetum spicatum (8.487) shows minimum IVI at AHS system.   
Data presented in Table 9 revealed that maximum grass total maximum density in (C1) climatic condition 
was observed in AH system (88.800tiller m2) fallowed by AS system (76.000 tiller m-2) and AHS (75.333 
tiller m-2). Similarly the total maximum basal area for grasses was reported by AH systems (8.570 cm2m-2) 
fallowed by AHS systems (0.288cm2m-2) and AS systems (0.253cm2m-2) in dry temperate high hills C1 
climatic condition. In C2 climatic condition total maximum basal area was reported by AHS systems 
(0.720cm2m-2) fallowed by AS systems (0.540cm2m-2) and AH systems (0.234cm2m-2). 
Data demonstrated in Table 10 showsphytosociology of gasses in (C2) climatic condition. Data revealed 
that the maximum grass density basal area and IVI was observed by Hordeum vulgare in all land use 
systems. The maximum density of Hordeum vulgare was reported (35.467 tiller m-2) under AS system 
followed by AH system (32.667 tiller m-2) and AHS system (32.533 tiller m-2), whereas, minimum density 
was recorded bySaccharum filifolium(0.267 tiller m-2) in AH system. Under AS system minimum density 
was reported byAgropyron longearistatum and Stipa sibirica (0.533 tiller m-2). In AHS system Avena 
aspera(0.533 tiller m-2) shows minimum density. 
The maximum basal area was reported by Hordeum vulgare(0.069 cm2 m-2) in AH system. In AS system 
maximum basal area was recorded by Cynodon dectelon (0.128 cm2 m-2). Similarly under AHS system 
Heteropogon contortus reported maximum basal area (0.193 cm2m-2) at (C2) climatic condition. However, 
minimum basal area in grasses was occupied by Pollinia mollis andSaccharum filifolium (0.004 cm2 m-2) in 
AH system. In AS system minimum basal area was reported by Phleum alpinum (0.009 cm2 m-2). Similarly 
under AHS system Avena aspera (0.005 cm2 m-2) shows minimum basal area at (C2) climatic condition. In 
all land use systems at (C2) climatic conditions maximum IVI was reported by Hordeum vulgare (103.113) 
in AS system fallowed by (101.677) in AH system and AHS systems (96.449) respectively. The minimum 
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IVI was recorded by Saccharum filifolium(3.940) in AH system. Under AS system minimum IVI was 
observed in Stipa sibirica (3.796). Similarly,  Avena aspera (3.508) shows minimum IVI at AHS system. 
Diversity of different land use systems 
Vegetation indices Shannon Weiner Index (H') and Simpson’s Diversity Index were calculated for C1 and 
C2 climatic conditions and the same have been depicted in table 11 and 12, respectively. 
Shannon Weiner index (H') 
It is crystal clear from the data presented in the Table 11 that effect land use systems and their 
interaction between was significantly influenced on Shannon weiner index (H') value.The maximum value 
(2.26) of Shannon Weiner Index (H') was displayed by AS systems, which was significantly higher than 
the other land use systems, whereas AH system (1.80) and AHS systems (2.21)remained minimum index 
value, they were found to be statistically at par with one other. The effect of climatic conditions on 
Shannon Weiner Index (H'), were found to be non-significant. The maximum index value (H’) was 
observed in high hills temperate dry and cold (C2) climatic condition fallowed by dry temperate high hills 
(C1) climatic condition. 
The interaction effects of land use systems and climatic conditions on Shannon Weiner Index (H') value 
were found to be non-significant. The maximum value of Shannon Weiner Index (H') found in AS system 
(2.23) whereas minimum (H’) value was observed in AH system (1.75) at dry temperate high hills (C1) 
climatic condition respectively. At high hills temperate dry and cold (C2) climatic condition the maximum 
value (H’) was recorded in AHS and AS systems (2.30) fallowed by AH system (1.84).Simpson diversity 
Index of vegetation varied from 0.15 to 0.22, which is lower than the values reported by Jose [9] in home 
gardens of Kerala (0.44-0.86) and Kumar et al. [11]. Our findings were highly supported by sing [24].  
 

Table 1: Latitude, longitude and elevation of different sites of Dry temperate high hills and High hills 
temperate dry and cold of Himachal Pradesh 

Study Sites 

Name of Site/Farmers  Elevation (m) Latitude Longitude 

Climatic condition C1  -Dry temperate high hills 

Agrihorticuluture (T1) 

2057 31039.405’ 078026.481’ 

2197 31032.660’ 078016.387’ 

2136 31032.565’ 078016.316’ 

Agrisilviculture (T2) 

2148 31032.533’ 078016.537’ 

2186 31032.716’ 078016.436’ 

2188 31032.463’ 078016.509’ 

Agrihortisilviculture (T3) 

2187 31032.928’ 078016.404’ 

2138 31032.456’ 078016.567’ 

2081 31032.953’ 078016.462’ 

Climatic condition C2  - High hills temperate dry and cold 

Agrihorticuluture (T1) 

2680 31046.053’ 078035.163’ 

2735 31045.608’ 078035.076’ 

2232 31045.628’ 078034.915’ 

Agrisilviculture (T2) 

2351 31039.491’ 078026.533’ 

2254 31039.282’ 078026.487’ 

2363 31039.404’ 078026.482’ 

Agrihortisilviculture (T3) 

2225 31039.438’ 078026.571’ 

2831 31046.050’ 078035.247’ 

2556 30049.408’ 077019.062’ 

 
 
Simpson’s Diversity Index (SDI) 
Data in Table 12 reveals that maximum Simpson diversity Index of vegetation shows that effect land use 
systems and their interaction between was significantly influenced on (SDI). Simpson’s diversity index 
value for all agroforestry systems were ranging between 0.22-0.15.The Simpson Index for the home 
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garden of Kerala varied from 0.44 to 0.86 (15) which is quite higher than the present study. The 
maximum value of SDI was recorded in AH systems (0.22) which was significantly at par with AS system 
(0.16) and AHS systems (0.15). However, the effect of climatic conditions on SDI, were found to be 
significant. SDI shows minimum value (0.16) at high hills temperate dry and cold (C2) climatic condition, 
whereas maximum value of SDI (0.18) was observed in dry temperate high hills (C1) climatic condition. 
The interaction effects of land use systems and climatic conditions on SDI value were found to be non-
significant. In dry temperate high hills (C1) climatic conditions maximum value of SDI was recorded by AH 
System (0.22) fallowed by AS system (0.18). Similarly minimum value of SDI was reported by AHS 
(0.17).In high hills temperate dry and cold (C2) climatic condition maximum value of SDI was recorded by 
AH System (0.21) fallowed by AS system (0.14), whereas minimum value of SDI was reported by AHS 
(0.13). The diversity index for trees (0.0–1.28) is within the reported value from the other Himalayan 
areas, [21, 1]. 
 

Table 2: Effect of different land use systems and climatic condition on density (tillers m-2) of herbage 

SN Plant  name 
Agrihorticulture system Agrisilviculture  system Agrihortisilviculture  system 

C1 C2 C1 C2 C1 C2 
1 Achyranthes aspera - - - 0.233 - - 
2 Aconitum heterophyllum - 0.200 - - - - 
3 Ageratum conyzoide 0.633 - 0.067 0.200 0.067 0.500 
4 Ajuga parviflora 0.533 - 0.233 0.100 0.433 0.733 
5 Ameranthus caudatus - - 0.067 - - - 
6 Amerantus spinosus  0.200 0.300 0.300 0.600 - 0.333 
7 Anaphalis arvensis - - 0.333 - 0.200 0.067 
8 Anaphalis nepalensis - - 0.167 - - - 
9 Arebidopsis thaliana  - - - - 0.233 0.033 

10 Arisaema flavum 0.167 - 0.200 - 0.200 - 
11 Asparagus adscendens - - 0.067 0.267 - - 
12 Asparagus filicinus - 0.167 - - - - 
13 Aster albescens - - 0.100 - - - 
14 Beta vulgaris L.  (Palak) 3.233 - 1.733 - - 2.067 
15 Brassica oleracea (Band Gobi) 2.000 2.100 2.133 2.267 2.367 2.000 
16 Bupleurum candollii - - - 0.233 - - 
17 Cannabis staiva 0.400 0.233 - - 0.333 0.067 
18 Capsicum annuum L.  (Chilli)  - 1.467 - - - 0.533 
19 Carum carvi - 0.200 0.300 0.500 0.433 - 
20 Chinopodium album 0.933 0.533 0.433 0.200 0.467 0.133 
21 Cleome viscosa - - - - - 0.167 
22 Conyza stricta - - 0.133 - - - 
23 Cynoglossum wallichii - - 0.167 0.500 0.133 - 
24 Epipactis veratrifollia -- 0.400 - 0.233 - 0.300 
25 Erigeron multiaulis 0.333 - - - 0.133 0.100 
26 Fagophyrum cymosum 0.400 0.300 - - 0.133 - 
27 Fumaria indica - - - 0.067 - - 
28 Gallinsoga paruiflora  0.833 0.167 0.233 0.833 0.633 - 
29 Gentiana argentea - - - 0.233 - 0.067 
30 Geranium sibiricum - - - - - 0.267 
31 Halenia elliptica - 0.200 - - - - 
32 Impatiens brachycentra - - - - 0.167 - 
33 Impatiens roylei - 0.200 - - - - 
34 Impomea eriocarpa 0.200 - - 0.067 0.133 - 
35 Lactuca dissecta  0.300 0.467 0.067 0.467 0.200 0.367 
36 Lapidium apetalum - - - 0.067 - - 
37 Lappula barbata - - - - 0.167 - 
38 Lathyrus emodi - 0.200 0.500 - - - 
39 Leucas lanata Benth. - - 0.267 - 0.167 - 
40 Lithospermum arvense - - - - - 0.267 
41 Malva neglecta  0.167 0.167 0.133 0.200 0.200 - 
42 Malva rutondifolia  0.233 - - - 0.233 0.167 
43 Malva verticillata - - 0.133 - - - 
44 Mentha longifolia - - 0.100 - 0.133 - 
45 Morina longifolia 0.133 - - 0.233 - - 
46 Morina persica - 0.200 - - - - 
47 Myriactis nepalensis 0.167 - - - 0.167 - 
48 Myrsine africana - - - 0.033 - - 
49 Nepeta erecta - 0.133 - - - 0.267 
50 Oreorchis indica - 0.200 - - - - 
51 Parnassia laxmanii - - - 0.133 - - 
52 Parochetus communis - - 0.300 - - - 
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53 Phaseolus vulgaris  (Rajama) 2.400 2.533 2.367 3.167 2.567 3.133 
54 Physochlaena praealta - - 0.200 - 0.100 - 
55 Prunella vulgaris - - 0.067 - 0.133 - 
56 Raninculus arvensis - - - - 0.133 - 
57 Raphanus raphanistrum - - - 0.033 - - 
58 Rumex nepalensis - 0.233 -  - - 
59 Salsola collina - - - 0.233 - - 
60 Salvia lanata 0.133 0.167 - 0.133 - - 
61 Silene vulgaris - - - - - 0.100 
62 Sisymbrium officinale - - 0.067 - - - 
63 Solanum lycopersicum  - - - - - 0.867 
64 Spergularia marina - 0.167 - - - - 
65 Strobilanthes alatus - 0.133 - - - - 
66 Thalictrum foliosum - 0.167 0.633 - 0.600 - 
67 Trifolium repens 0.267 0.167 - 0.267 0.300 0.467 
68 Urtica parviflora - - 0.133 - 0.167 - 
69 Valeriana hardwickii - - 0.067 - - - 
70 Verbascum thapsus - - - 0.267 - - 
71 Veronica persica - - - 0.100 - - 
72 Veronica serpyllifolia - - - - - 0.167 
73 Vicia bakeri - - 0.133 0.233 - - 
74 Xanthium strumarium - - 0.133 - - - 
75 Zea mays 1.800 1.600 2.167 2.467 1.733 1.333 

  15.465 13.001 14.133 14.566 13.065 14.502 

 
Table 3: Effect of different land use systems and climatic condition on basal area (cm2 m-2) of herbage 

SN Plant  name 
Agrihorticulture system Agrisilviculture  system Agrihortisilviculture  system 

C1 C2 C1 C2 C1 C2 

1 Achyranthes aspera - - - 0.011 - - 

2 Aconitum heterophyllum - 0.009 - - - - 
3 Ageratum conyzoide 0.035 - 0.004 0.012 0.005 0.033 
4 Ajuga parviflora 0.146 - 0.024 0.004 0.101 0.066 

5 Ameranthus caudatus - - 0.025 - - - 

6 Amerantus spinosus  0.096 0.068 0.129 0.073 - 0.048 

7 Anaphalis arvensis - - 0.058 - 0.036 0.011 

8 Anaphalis nepalensis - - 0.025 - - - 

9 Arebidopsis thaliana  - - - - 0.006 0.003 

10 Arisaema flavum 0.061 - 0.028 - 0.035 - 

11 Asparagus adscendens - - 0.021 0.043 - - 

12 Asparagus filicinus - 0.026 - - - - 

13 Aster albescens - - 0.006 - - - 

14 Beta vulgaris L.  (Palak) 0.177 - 0.401 - - 0.110 

15 Brassica oleracea (Band Gobi) 9.099 9.526 8.212 10.048 9.865 7.725 

16 Bupleurum candollii - - - 0.008 - - 

17 Cannabis staiva 0.085 0.030 - - 0.103 0.016 

18 Capsicum annuum L.  (Chilli)  - 0.253 - - - 0.096 

19 Carum carvi - 0.011 0.024 0.030 0.034  

20 Chinopodium album 0.066 0.038 0.057 0.010 0.034 0.014 

21 Cleome viscosa - - - - - 0.013 

22 Conyza stricta - - 0.009 - - - 

23 Cynoglossum wallichii - - 0.042 0.052 0.026 - 

24 Epipactis veratrifollia - 0.014 - 0.010 - 0.018 

25 Erigeron multiaulis 0.044 - - - 0.019 0.002 

26 Fagophyrum cymosum 0.015 0.047 - - 0.009 - 

27 Fumaria indica - - - 0.010  - 

28 Gallinsoga paruiflora  0.133 0.011 0.025 0.063 0.055 - 

29 Gentiana argentea - - - 0.025 - 0.007 

30 Geranium sibiricum - - - - - 0.034 
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31 Halenia elliptica - 0.020 - - - - 

32 
Impatiens brachycentra - - - - 0.019 - 

33 Impatiens roylei - 0.028 - - - - 

34 
Impomea eriocarpa 0.020 - - 0.007 0.019 - 

35 
Lactuca dissecta  0.017 0.020 0.004 0.022 0.010 0.027 

36 Lapidium apetalum - - - 0.006 - - 

37 
Lappula barbata - - - - 0.025 - 

38 
Lathyrus emodi - 0.139 0.045 -  - 

39 
Leucas lanata Benth. - - 0.044 - 0.028 - 

40 Lithospermum arvense - - - -  0.016 

41 
Malva neglecta  0.025 0.032 0.023 0.027 0.028 - 

42 
Malva rutondifolia  0.009 - - - 0.012 0.025 

43 
Malva verticillata - - 0.021 - - - 

44 
Mentha longifolia - - 0.040 - 0.041 - 

45 
Morina longifolia 0.047 - - 0.021 - - 

46 Morina persica - 0.011 - - - - 

47 
Myriactis nepalensis 0.007 - - 0.011 0.008 - 

48 Myrsine africana - - - - - - 

49 Nepeta erecta - 0.010 - - - 0.034 

50 Oreorchis indica - 0.006 - - - - 

51 Parnassia laxmanii - - - 0.006 - - 

52 
Parochetus communis - - 0.019 - - - 

53 
Phaseolus vulgaris  (Rajama) 0.538 0.391 0.685 0.403 0.552 0.417 

54 
Physochlaena praealta - - 0.010 - 0.004 - 

55 
Prunella vulgaris - - 0.003 - 0.008 - 

56 
Raninculus arvensis - - - - 0.011 - 

57 Raphanus raphanistrum - - - 0.005 - - 

58 Rumex nepalensis - 0.008 - - - - 

59 Salsola collina - - - 0.013 - - 

60 
Salvia lanata 0.029 0.023 - 0.016 - - 

61 Silene vulgaris - - - - - 0.007 

62 
Sisymbrium officinale - - 0.006 - - - 

63 
Solanum lycopersicum  - - - - - 1.544 

64 Spergularia marina - 0.023 - - - - 

65 Strobilanthes alatus - 0.034 - - - - 

66 
Thalictrum foliosum - 0.019 0.166 - 0.167 - 

67 
Trifolium repens 0.007 0.006 - 0.013 0.015 0.021 

68 
Urtica parviflora - - 0.013 - 0.014 - 

69 
Valeriana hardwickii - - 0.008 - - - 

70 Verbascum thapsus - - - 0.044 - - 

71 Veronica persica - - - 0.007 - - 

72 Veronica serpyllifolia - - - - - 0.015 

73 
Vicia bakeri - - 0.015 0.026 - - 

74 
Xanthium strumarium - - 0.039 - - - 

75 
Zea mays 5.465 5.352 10.112 7.860 8.247 5.017 

  16.121 16.155 20.343 18.886 19.536 15.319 
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Table 4: Effect of different land use systems and climatic condition on IVI of herbage 

SN Plant  name 
Agrihorticulture system Agrisilviculture  system Agrihortisilviculture  system 

C1 C2 C1 C2 C1 C2 

1 Achyranthes aspera - - - 3.86 - - 
2 Aconitum heterophyllum - 3.71 - - - - 

3 Ageratum conyzoide 11.97 - 1.23 3.25 1.39 13.14 

4 Ajuga parviflora 9.95 - 6.74 2.47 9.02 14.76 
5 Ameranthus caudatus - - 2.75 - - - 
6 Amerantus spinosus  3.59 7.18 6.43 10.66 - 9.46 
7 Anaphalis arvensis - - 7.90 - 3.75 2.25 
8 Anaphalis nepalensis - - 3.24 - - - 
9 Arebidopsis thaliana  - - - - 4.85 1.11 

10 Arisaema flavum 3.90 - 4.90 - 4.26 - 

11 Asparagus adscendens - - 1.69 4.26 - - 

12 Asparagus filicinus - 3.72 - - - - 

13 Aster albescens - - 1.72 - - - 
14 Beta vulgaris L.  (Palak) 21.03 - 14.01 - - 14.93 
15 Brassica oleracea (Band Gobi) 79.89 85.24 66.22 79.09 79.07 73.14 
16 Bupleurum candollii - - - 3.85 - - 
17 Cannabis staiva 7.66 6.56 - - 6.48 1.45 
18 Capsicum annuum L.  (Chilli)  - 19.64 - - - 6.42 

19 Carum carvi - 3.73 4.66 7.93 8.75 - 

20 Chinopodium album 13.45 9.97 6.02 3.63 7.34 2.79 

21 Cleome viscosa - - - - - 4.66 

22 Conyza stricta - - 2.89 - - - 

23 Cynoglossum wallichii - - 3.66 8.04 2.86 - 

24 Epipactis veratrifollia - 7.81 - 4.34 - 5.65 

25 Erigeron multiaulis 7.93 - - - 3.67 1.11 

26 Fagophyrum cymosum 5.76 7.19 - - 2.62 - 

27 Fumaria indica - - - 1.40 - - 

28 Gallinsoga paruiflora  17.38 3.63 3.09 13.65 9.88 - 

29 Gentiana argentea - - - 3.86 - 2.24 

30 Geranium sibiricum - - - - - 6.31 

31 Halenia elliptica - 3.95 - - - - 

32 
Impatiens brachycentra - - - - 4.38 - 

33 Impatiens roylei - 4.00 - - - - 

34 
Impomea eriocarpa 4.11 - - 2.24 2.67 - 

35 Lactuca dissecta  7.34 8.09 2.89 7.66 5.84 8.69 
36 Lapidium apetalum - - - 1.38 - - 

37 
Lappula barbata - - - - 3.43 - 

38 
Lathyrus emodi - 4.69 10.07 - - - 

39 
Leucas lanata Benth. - - 4.19 - 2.97 - 

40 Lithospermum arvense - - - - - 6.39 

41 Malva neglecta  3.72 3.81 2.52 3.66 4.22 - 

42 Malva rutondifolia  4.88 - - - 4.96 3.95 
43 Malva verticillata - - 3.34 - - - 
44 Mentha longifolia - - 2.41 - 2.79 - 

45 Morina longifolia 3.57 - - 3.84 - - 
46 Morina persica - 3.73 - - - - 

47 
Myriactis nepalensis - - - - 3.34 - 

48 Myrsine africana 3.17 - - 1.16 - - 

49 Nepeta erecta - 3.40 - - - 6.24 
50 Oreorchis indica - 3.70 - - - - 
51 Parnassia laxmanii - - - 2.72 - - 

52 Parochetus communis - - 3.43  - - 
53 Phaseolus vulgaris  (Rajama) 28.31 31.01 28.37 34.19 30.36 32.59 
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54 
Physochlaena praealta - - 4.31 - 2.35 - 

55 
Prunella vulgaris - - 2.31 - 2.61 - 

56 
Raninculus arvensis - - - - 3.09 - 

57 Raphanus raphanistrum - - - 1.13 - - 

58 Rumex nepalensis - 3.95 - - - - 
59 Salsola collina - - - 3.88 - - 

60 Salvia lanata 2.72 3.70 - 3.63 - - 
61 Silene vulgaris - - - - - 2.48 
62 Sisymbrium officinale - - 1.45 - - - 

63 Solanum lycopersicum - - - - - 18.36 
64 Spergularia marina - 3.70 - - - - 
65 Strobilanthes alatus - 3.55 - - - - 
66 Thalictrum foliosum - 3.55 12.83 - 11.32 - 
67 Trifolium repens 4.85 3.45 - 4.10 5.43 10.41 
68 Urtica parviflora - - 2.91 - 2.89 - 
69 Valeriana hardwickii - - 2.34 - - - 
70 Verbascum thapsus - - - 5.06 - - 
71 Veronica persica - - - 2.49 - - 
72 Veronica serpyllifolia - - - - - 3.81 
73 Vicia bakeri - - 2.48 3.87 - - 

74 Xanthium strumarium - - 3.05 - - - 
75 Zea mays 54.83 53.36 73.95 68.70 63.44 47.66 

  300.00 300.00 300.00 300.00 300.00 300.00 

 
Table 5: Density (plants ha-1), basal area (m2 ha-1) and IVI of shrubs in different land use systems at dry 

temperate high hills climatic condition (C1) 

SN Plant  name 

Climatic Condition  C1 

Agrihorticulture  
system 

Agrisilviculture   
system 

Agrihortisilviculture  
system 

D BA IVI D BA IVI D BA IVI 
1 Abelia triflora 160.00 0.043 31.93 53.33 0.020 28.08 106.67 0.023 36.03 
2 Arctium lappa 80.00 0.018 18.63 106.67 0.192 59.45 - - - 

3 
Artemisia 
maritima 

266.67 0.040 28.09 - - - - - 
- 

4 
Artemisia 
vulgaris 

426.67 0.099 87.39 373.33 0.063 86.14 266.67 0.041 75.59 

5 Berberis aristata - - - 26.67 0.008 13.71 53.33 0.027 30.20 
6 Berberis lycium 80.00 0.041 31.71 - - - - - - 

7 
Caranga 
brevispina 

53.33 0.016 15.78 26.67 0.006 7.96 - - 
- 

8 
Colutea 
nepalensis - - - - - - 

80.00 0.018 43.31 

9 Daphne oleoides 133.33 0.028 19.49 53.33 0.010 10.88 133.33 0.038 41.28 

10 
Desmodium 
tiliaefoli - - - - - - 

- - 
- 

11 
Ephedra 
gerardiana - - - - - - 

- - 
- 

12 
indigofera 
gerardiana - - - - - - 

- - 
- 

13 
Juniperus 
macropoda - - - - - - 

- - 
- 

14 
Lonicera  
quinquelocularis 

26.67 0.003 6.48 26.67 0.007 12.74 - - 
- 

15 
Plectranthus 
rugosus - - - 

53.33 0.013 24.93 26.67 0.008 12.63 

16 Rhus semialata 133.33 0.022 17.87 - - - - - - 
17 Rosa webbaiana - - - 26.67 0.010 14.00 80.00 0.026 34.02 
18 Rubus purpureus - - - - - - 53.33 0.006 26.94 
19 Syringa emodi 106.67 0.013 14.39 - - - - - - 

20 
Woodfordia 
fruticosa 

106.67 0.032 28.24 106.67 0.037 42.11 - - 
- 

21 
Zanthoxylum 
armatum - - - - - - 

- - 
- 

22  1573.33 0.354 300.00 853.33 0.367 300.00 800.000 0.187 300.00 
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Table 6: Density (plants ha-1), basal area (m2 ha-1) and IVI of shrubs in different land use systems athigh hills 
temperate dry and cold climatic condition (C2) 

SN Plant  name 

Climatic Condition  C2 

Agrihorticulture system Agrisilviculture  system Agrihortisilviculture  system 

D BA IVI D BA IVI D BA IVI 
1 Abelia triflora - - - 26.67 0.079 24.47 - - - 
2 Arctium lappa 100.00 0.014 36.60 - - - 133.33 0.023 46.98 
3 Artemisia maritima - -  - - - - - - 
4 Artemisia vulgaris 133.33 0.027 37.67 133.33 0.019 53.06 53.33 0.006 13.26 
5 Berberis aristata - - - - - - - - - 
6 Berberis lycium - - - - - - - - - 
7 Caranga brevispina - - - 53.33 0.006 22.66 - - - 
8 Colutea nepalensis - - - - - - - - - 
9 Daphne oleoides 100.00 0.014 30.45 - - - - - - 

10 Desmodium tiliaefoli 53.33 0.017 26.64 106.67 0.031 52.31 - - - 
11 Ephedra gerardiana 80.00 0.011 30.47 - - - 133.33 0.050 35.96 

12 
indigofera 
gerardiana 53.33 0.011 

18.76 
- - 

- 
- - 

- 

13 
Juniperus 
macropoda 26.67 2.872 

42.70 26.67 0.408 42.25 26.67 
0.619 

39.29 

14 
Lonicera  
quinquelocularis 

- - - 26.67 0.113 29.86 - - - 

15 
Plectranthus 
rugosus 

- - - - - - - - - 

16 Rhus semialata - - - 26.67 0.010 13.85 53.33 0.007 26.51 
17 Rosa webbaiana 26.67 0.034 24.21 53.33 0.018 35.40 80.00 0.026 35.23 
18 Rubus purpureus - - - - - - - - - 
19 Syringa emodi 26.67 0.002 11.92 - - - 80.00 0.018 32.74 

20 
Woodfordia 
fruticosa 53.33 0.010 

21.04 53.33 0.007 26.11 80.00 
0.035 

48.24 

21 
Zanthoxylum 
armatum 53.33 0.009 

19.55 
- - 

- 26.67 
0.034 

21.78 

22  706.67 3.021 300.00 506.67 0.691 300.00 666.67 0.818 300.00 

 
Table 7: Density (trees ha-1), basal area (m2 ha-1) and IVI of trees in different land use systems at dry temperate 

high hills climatic condition (C1) 

SN Plant  name 

Climatic Condition  C1 

Agrihorticulture system Agrisilviculture  system Agrihortisilviculture  system 

D BA IVI D BA IVI D BA IVI 
1 Ailanthus  excelsa - - - - - - 20.00 0.682 17.80 
2 Cedrus deodara  - - - 3.33 0.180 4.76 - - - 
3 Celtis australis - - - 60.00 2.469 76.00 16.67 0.547 15.06 

4 
Diospyros kaki 
(Persimmon) 

3.33 0.097 4.01 - - - - - - 

5 
Juglans regia  
(Akhrot) 

- - - - - - - - - 

6 
Malus domestica  
(Apple)  

503.33 12.858 287.58 - - - 206.67 3.888 125.25 

7 Morus alba - - - - - - - - - 
8 Pinus gerardiana - - - 36.67 1.358 42.62 40.00 1.307 37.57 
9 Pinus wallichiana  - - - 3.33 0.096 3.52 - - - 

10 Populus alba - - - - - - - - - 
11 Populus ciliata - - - 30.00 1.113 34.71 26.67 1.103 27.60 
12 Prunus armeniaca - - - 50.00 2.107 64.08 40.00 1.329 37.41 

13 
Prunus dulcis  
(Almond) 

- - - - - - - - - 

14 
Pyrus communis   
(Pear) 

6.67 0.248 8.42 - - - - - - 

15 Quercus ilex L. - - - - - - - - - 
16 Quercus incana - - - 53.33 2.058 67.06 36.67 1.248 33.44 
17 Salix alba  - - - 6.67 0.213 7.25 6.67 0.218 5.86 
18  513.33 13.204 300.00 243.33 9.594 300.00 393.33 10.322 300.00 
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Table 8: Density (trees ha-1), basal area (m2 ha-1) and IVI of trees in different land use systems at high hills 
temperate dry and cold climatic condition (C2) 

SN Plant  name 

Climatic Condition  C2 

Agrihorticulture system Agrisilviculture  system 
Agrihortisilviculture  

system 
D BA IVI D BA IVI D BA IVI 

1 Ailanthus  excelsa - - - 26.67 1.299 29.90 - - - 
2 Cedrus deodara  - - - - - - - - - 
3 Celtis australis - - - 40.00 1.704 47.68 10.00 0.369 10.09 
4 Diospyros kaki (Persimmon) - - - - - - - - - 
5 Juglans regia  (Akhrot) - - - - - - 6.67 0.212 6.44 
6 Malus domestica  (Apple)  486.67 9.777 269.25 - -  230.00 6.288 134.32 
7 Morus alba - - - - - - 20.00 0.989 17.80 
8 Pinus gerardiana - - - - - - 6.67 0.264 6.88 
9 Pinus wallichiana  - - - - - - - - - 

10 Populus alba - - - - - - 40.00 1.707 30.67 
11 Populus ciliata - - - 20.00 0.837 24.23 26.67 1.094 22.19 
12 Prunus armeniaca - - - 53.33 2.234 62.97 23.33 0.845 21.65 
13 Prunus dulcis  (Almond) 43.33 0.765 30.75 - - - 66.67 2.640 49.98 
14 Pyrus communis   (Pear) - - - - - - - - - 
15 Quercus ilex L. - - - 23.33 0.984 26.29 - - - 
16 Quercus incana - - - 60.00 2.553 68.75 - - - 
17 Salix alba  - - - 36.67 1.572 40.18 - - - 

18 
 

530.00 10.542 300.00 260.00 11.185 300.00 
430.0

0 
14.408 300.00 

 
Table 9: Density (tiller m2), basal area (cm2 m2) and IVI of grass in different land use systems at dry temperate 

high hills climatic condition (C1) 

SN Plant  name 

Climatic Condition  C1 

Agrihorticulture system Agrisilviculture  system 
Agrihortisilviculture  

system 
D BA IVI D BA IVI D BA IVI 

1 
Agropyron 
longearistatum 3.200 - - - - - - - - 

2 Agrostis alba - 0.189 13.368 3.200 0.010 10.803 6.400 0.026 25.523 
3 Apluda mutica - - - - - - - - - 
4 Avena aspera 1.333 0.236 4.452 1.867 0.004 6.972 - - - 
5 Avena fatua 2.133 1.182 9.203 - - - 6.000 0.026 27.135 
6 Bromus arvensis - - - - - - - - - 
7 Bromus asper 2.800 0.518 9.258 4.133 0.011 12.129 4.000 0.031 24.630 

8 
Cymbopogon 
martinii - - - - - - 0.933 0.023 14.367 

9 Cynodon dectelon  
21.60

0 1.476 78.394 11.467 0.036 42.117 8.533 0.021 26.342 
10 Eragrostis nigra 1.867 0.012 11.211 1.067 0.007 5.650 - - - 
11 Erianthus fulvus 2.667 1.134 13.383 - - - 3.867 0.021 19.400 
12 Festuca gigantea - - - - - - - - - 
13 Festuca valesiaca - - - 1.733 0.011 9.239 1.600 0.009 8.592 

14 
Heteropogon 
contortus 0.800 0.006 5.423 2.400 0.010 10.493 3.867 0.012 14.000 

15 Hordeum vulgare 
24.93

3 3.215 93.663 37.867 0.075 103.793 32.800 0.067 95.820 
16 Panicum plicatum - - - 3.067 0.011 14.275 - - - 
17 Phleum alpinum - - - - - - - - - 
18 Poa pratensis - - - 11.067 0.033 38.029 3.333 0.015 15.372 
19 Pollinia mollis 4.133 0.012 16.069 2.800 0.011 10.573 - - - 

20 
Saccharum 
filifolium - - - - - - - - - 

21 Setaria glauca - - - - - - 1.867 0.008 9.173 
22 Setaria pumila - - - - - - - - - 
23 Stipa sibirica 5.600 0.574 22.689 6.000 0.024 25.820 1.200 0.018 11.160 

24 
Themeda 
anathera 3.467 0.008 13.557 2.133 0.010 10.107 - - - 

25 Trisetum spicatum 1.467 0.009 9.330 - - - 0.933 0.011 8.487 

  
76.00

0 8.570 300.000 88.800 0.253 300.000 75.333 0.288 300.000 
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Table 10: Density (tiller m2), basal area (cm2 m2) and IVI of grass in different land use systems athigh hills 
temperate dry and cold climatic condition (C2) 

SN Plant  name 

Climatic Condition  C2 

Agrihorticulture system Agrisilviculture  system Agrihortisilviculture  system 

D BA IVI D BA IVI D BA IVI 

1 
Agropyron 
longearistatum - - - 0.533 0.018 15.187 - - - 

2 Agrostis alba - - - 3.067 0.085 20.150 1.200 0.027 10.258 
3 Apluda mutica 2.667 0.010 10.560 2.533 0.046 15.972 1.867 0.047 16.778 
4 Avena aspera - - - - - - 0.533 0.005 3.508 
5 Avena fatua 5.200 0.014 17.936 - - - - - - 
6 Bromus arvensis 5.733 0.022 27.462 - - - 1.067 0.020 7.806 
7 Bromus asper 3.200 0.012 14.404 1.200 0.022 9.386 - - - 

8 
Cymbopogon 
martinii - - - - - - 0.667 0.033 10.432 

9 Cynodon dectelon 7.467 0.023 29.677 13.333 0.128 48.451 4.933 0.031 16.729 
10 Eragrostis nigra - - - - - - - - - 
11 Erianthus fulvus - - - - - - 0.933 0.031 9.388 
12 Festuca gigantea 3.600 0.016 15.820 1.467 0.024 10.113 3.067 0.056 19.745 
13 Festuca valesiaca 3.333 0.014 17.930 - - - 1.200 0.043 11.416 

14 
Heteropogon 
contortus 4.000 0.013 15.035 2.133 0.012 15.383 2.667 0.193 46.539 

15 Hordeum vulgare 32.667 0.069 101.677 35.467 0.074 103.113 32.533 0.065 96.449 
16 Panicum plicatum 2.400 0.008 9.813 1.733 0.010 11.503 - - - 
17 Phleum alpinum 1.600 0.005 6.880 2.000 0.009 11.777 2.000 0.052 15.623 
18 Poa pratensis - - - - - - - - - 
19 Pollinia mollis 1.333 0.004 6.088 1.200 0.044 15.548 1.600 0.064 16.579 

20 
Saccharum 
filifolium 0.267 0.004 3.940 - - - - - - 

21 Setaria glauca - - - 1.733 0.010 7.718 1.600 0.034 10.608 
22 Setaria pumila - - - 1.467 0.045 11.902 - - - 
23 Stipa sibirica - - - 0.533 0.013 3.796 - - - 
24 Themeda anathera 5.733 0.020 22.779 - - - - - - 
25 Trisetum spicatum - - - - - - 0.933 0.017 8.142 

  79.200 0.234 300.00 68.400 0.540 300.00 56.800 0.720 300.00 

 
Table 11: Shannon Weiner index for different land use system 

Treatment (T) C1 C2 Mean 

T1  Agrihorticulture 1.75 1.84 1.80 
T2   Agrisilviculture 2.23 2.30 2.26 

T3  Agrihortisilviculture 2.13 2.30 2.21 
Mean 2.04 2.15   
Factors CD0.05 SEm±  

Factor(C) N/S 0.04  
Factor(T) 0.14 0.05  
Factor(C × T) N/S 0.06  

 
Table12: Simpson’s Diversity Index for different land use systems 

    

Treatment (T) C1 C2 Mean 

T1  Agrihorticulture 0.22 0.21 0.22 

T2   Agrisilviculture 0.18 0.14 0.16 

T3  Agrihortisilviculture 0.17 0.13 0.15 

Mean 0.19 0.16  

Factors CD0.05 SEm±  

Factor(C) 0.03 0.01  

Factor(T) 0.04 0.01  
Factor(C × T) N/S 0.02  
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FINAL CONSIDERATIONS 
In northwestern Himalaya the high mountain plant communities support a rich biodiversity in terms of 
ecological indicator species and natives. The climate sensitive species are required to be regularly 
monitored for their phenological attributes so that the baseline data can be generated for future changes 
in the area. Agroforestry is a common practice in north-western Himalaya.Farmers are inclined toward 
retention of fruit based tree on their agricultural fields for additional monitory gain from the fruits and 
therefore agri-horticultural practice is the priority of high land holding farmers as the climatic and 
geographical situation also permit such practices. The apple tree (Malus domestica) is dominating in the 
agrihorticulture system of this region that revealed the social de-sire for this important species. It is 
essential to have proper assessment of resources and dependable data base for strategic planning. The 
vulnerability rating at macro and micro level covering all the different geographically distinct regions of 
Himalayas was considered crucial for developing a sustainable development programme.Indigenous 
agroforestry systems in the region play an important role in sustaining the goods and services of ever-
growing needs of the farmers. 
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