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Progress Report: To be filled for each HRA in separate row. 

RA 

No. 

Research 

Objectives 

Achievements Addressed 

Deliverables 

Location of Field Site 

with Details, if any 

1. To develop 

strategies for 

adoption of 

renewable 

energy 

technologies for 

energy 

conservation and 

security 

 

The energy consumption 

pattern of rural households of 

High Hills wet temperate 

zone was studied.   

Energy analysis of building 

of Department of 

Environmental Science  

done. 

The impact of traditional fuel 

use in households on Indoor 

Air Quality and cook stove 

testing in rural households 

studied. 

(The details attached as 

Annexure- HRA-001). 

Database on 

renewable 

energy sources. 

Three developmental 

blocks in four districts 

were selected to study 

the impacts of fuel 

burning on indoor air 

quality. The selected 

Developmental block 

were: 

Basantpur, Theog & 

Mashobra in Shimla 

district ; 

 Kullu, Nagar & Banjar 

in Kullu district ; 

 Hamirpur, Bhoranj & 

Nadaun in Hamirpur 

district ; 

 Pooh,Kalpa & Nicchar 

in Kinnaur district  

2 Conservation of 

genetic resource 

of rare, endemic, 

threatened and 

globally 

significant   flora 

& fauna 

including 

biodiversity (on 

farm and off 

farm 

conservation).  

 

 

 

Conducted reproductive fitness 

& floral biology studies of 

Podophyllum hexandrum 

under ex-situ conditions. 

Studied seed germination 

parameters and seedling 

performance of Swertia 

species.  

For ex-situ conservation, 

Podophyllum hexandrum (800 

plants), Aconitum 

heterophyllum (550 plants), 

Angelica glauca (3500 plants), 

Swertia chirayita & other 

Swertia species (2600 plants) 

have been raised from seeds.  

(The details attached as 

Annexure- HRA-002). 

Conservation 

of 

endemic/threat

ened/significan

t species 

augmented 

through ex-situ 

mechanisms. 

 

Conservation 

frameworks 

developed for 

Podophyllum 

hexandrum & 

Angelica 

glauca. 

Medicinal and 

Aromatic Farm at 

Shilly (Distt Solan) 

Altitude:  1550m 

Latitude :N 300 54'  30'' 

Longitude- E 770 07' 

30'' 

 



3. Environmental 

Impact 

Assessment 

(EIA) of 

Industrial 

activities and 

urbanization in 

Himachal 

Pradesh. 

 

 

1. Analysis of river water 

samples for  physico-chemical 

and biological parameters done. 

2. Studied heavy metal 

pollution in Sirsa river . 

3. The examination of the major 

water quality parameters 

defining ground water quality 

of Dharamshala town in Kangra 

district of Himachal Pradesh 

was done.  

(The   details attached as 

Annexure-HRA-003) 

Impact of 

industrial 

activities and 

urbanization 

on water 

quality.  

 

Sirsa  river in BBN 

region in Nalagarh 

valley of Himachal 

Pradesh.  

 

2. Dharamshala town in 

Kangra district, 

Himachal Pradesh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Annexure- HRA-001 
 

Details of Work Done from 1st January,2018 to 30th June,2018) 

 

A) Study on the energy consumption pattern of rural households of High Hills wet temperate 

zone.  

The energy consumption pattern of rural households of High Hills wet temperate zone was studied.  

In High Hills Dry temperate zone fuelwood (100.00%) was the main source followed by LPG, 

electricity agricultural waste, dung cakes and kerosene oil with respective values of 95.85, 71.11, 

56.30, 74 per cent (Table 1). In this zone 54.68 kg fuelwood per day was used and the value 

reduced to 13.21 Kgs per day in summers. Mostly in all the households (100.00%) of High hills 

dry temperate zone fuelwood was used for cooking and house warming. While 97.78 and 82.96 

per cent households used fuelwood for water heating and making animal feed (Table 4). In almost 

all households (100.00%) in High hills Dry temperate improved cookstoves were being and gas 

stoves were found and the percentage was higher as compared to mid and low hill zone. The study 

also revealed that in three zones namely Low hills, Mid hills and high hills wet temperate zone 

there was no use of non conventional energy sources like solar energy and biogas but in high hill 

dry temperate zone few households were equipped with solar geysers and lights. Although it was 

clear by the survey that people had knowledge about the use and importance of solar energy but 

lack of awareness about usage and high costs are the main hurdles in its use in the state. 

Table 1:  People responses on utilization of various energy sources in different agro-   

             climatic zones of HP 

               

 

 

 

 

 

 

Agroclimatic 

zone 

Type of energy source used 

Fuelwood 
Agricultural 

waste 

Dung 

cakes 

Kerosene 

oil 
LPG Electricity 

Sub mountain 

Low Hill Sub 

Tropical 

123  

(91.11) 

104  

(77.03) 

84  

(62.22) 

65 

(48.15) 

 

128 

(94.81) 

 

38 

(28.15) 

Mid Hill Sub 

Humid 

125 

(92.50) 

72 

 (53.31)  

58  

(48.42) 

19 

 (14.07) 

135 

(100.00) 

67  

(49.63) 

High Hill 

Wet 

Temperate 

128 

(94.81) 

98  

(72.59) 

36  

(26.67) 

30 

 (22.22) 

135 

(100.00) 

55  

(40.74) 

High Hill Dry 

Temperate  

135 

(100.00) 

76 

(56.30) 

31 

(22.96) 

28  

(20.74) 

124 

(95.85) 

96 

(71.11) 



 

 

 

 

 

 

 

 

   *value in the parenthesis is percentage 

 

 

 

 

Table 2:  People responses on arrangement and consumption of LPG cylinders in different 

agro- climatic zones of HP 

Agroclimatic zone 

No. of LPG 

cylinders used 

per year 

Days to get 

new 

cylinder 

Distance from 

home to get new 

cylinder (meters) 

LPG used 

from years 

Sub mountain Low Hill 

Sub Tropical 6.70 5.97 549.63 20.43 

Mid Hill Sub Humid 
6.60 6.20 328.61 20.13 

High Hill Wet Temperate 
6.50 8.20 544.67 19.67 

High Hill Dry Temperate 
7.80 9.16 1453.16 22.23 



Table 3:  People responses on consumption, use, sources and time taken for fuelwood collection in different agro- climatic zones of HP 

 

Agroclimatic 

zone 

Fuelwood used per day (Kgs) Use of Fuelwood Collection of Fuelwood Fuelwood collected from 

Winters Summers Rainy Cooking 
Water 

heating 

Animal 

feed 

House 

warming 

Rounds/ 

month 

Time 

(mins)/round 

Distance 

(Kms) 
Forest Own Field Both 

Sub mountain 

Low Hill Sub 

Tropical 
29.45 4.37 11.57 

132 

(97.78) 

124 

(91.85) 

108 

(69.29) 

77 

(57.03) 
7.03 42.37 1.67 

63 

(46.67) 

73 

(54.07) 

31 

(22.96) 

Mid Hill Sub 

Humid 39.53 11.77 25.53 
130 

(96.30) 

116 

(85.92) 

68 

(50.37) 

48 

(35.50) 
8.2 38.90 0.90 

11.33 

(25.18) 

118 

(87.41) 

63 

(46.67) 

High Hill Wet 

Temperate 47.67 17.80 33.90 
135 

(100.00) 

82 

(60.74) 

53 

(39.26) 

135 

(100.00) 
10.2 57.21 2.10 

70 

(51.85) 

113 

(83.70) 

49 

(36.29) 

High Hill Dry 

Temperate 
54.68 13.21 37.43 

135 

(100.00) 

132 

(97.78) 

112 

(82.96) 

135 

(100.00) 
5.7 45.32 2.45 

86 

(63.70) 

104 

(77.03) 

93 

(68.89) 

* value in the parenthesis is percentage 

 

Table 4:  People responses on various household cooking devices and other electrical appliances in different agro- climatic zones of HP 

 

Agroclimatic zone 

Household cooking devices Electrical appliances 

Traditional 

cookstove 

Improved 

cookstove 
Gas stove 

Pressure 

cooker 
Induction Fan Radio TV Refigerators Iron Grinder 

Sub mountain Low 

Hill Sub Tropical 
86 

(63.70) 

63 

(46.67) 

133 

(98.52) 

135 

(100.00) 

41 

(30.37) 
3.7 

48 

(35.56) 
1 1 1 

105 

(77.78) 

Mid Hill Sub Humid 69 

(51.10) 

79 

(58.52) 

120 

(88.89) 

135  

(100.00) 

85 

(62.97) 
3.3 

24 

(17.78) 
1 1 1 

113 

(83.70) 

High Hill Wet 

Temperate 
35 

(25.92) 
113 (83.70) 

135 

(100.00) 

135  

(100.00) 

53 

(39.26) 
1 

21 

(15.56) 
1 1 1 

116 

(85.92) 

High Hill Dry 

Temperate 
11 

(8.15) 

135 

(100.00) 

135 

(100.00) 

135  

(100.00) 

43 

(31.85) 
1 

32 

(23.70) 
1 0 1 

129 

(95.56) 

Values in parenthesis is percentage are percentage



 

B) Energy analysis of official building of Department of Environmental Science  

The energy analysis of departmental building Phase II of College of forestry was carried out 

during winter and summer seasons. The temperature of the south and north facing side of the 

building was recorded at an interval of 30 minutes for a month. It was observed that during 

winters the temperature at the north facing side of the building during the day was highest (15.3 
0C) while south facing part had the highest temperature of 25.8 0C. During the summers the 

temperature of the north facing side of the building went highest upto 26.5 0C while at the south 

face the temperature was 37.2 0C. It was also observed that during the winters the heating 

appliances were used to a lesser extent in the south facing part of the building as compared to 

the north facing part. Hence, less electricity was consumed in the south facing side. Therefore, it 

can be stated that the mostly used cabins or chambers should be made on the south facing side 

and the laboratories, the washrooms, stores less used can be made towards the north. This can 

reduce the use of electricity and at the same time emission of GHGs will be reduced and more 

solar power can be utilized (Table 5).  

  Table 5: Average temperature (0C) of south and north face of departmental building.  

 

Seasons  

                   

            Interval 

Winters Summers 

North Facing South Facing North 

Facing 

South Facing 

Week 1 15.4 27.5 24.8 34.5 

Week 2 17.6 29.3 27.1 35.9 

Week 3 14.3 22.4 25.5 38.7 

Week 4 13.7 23.9 28.5 39.6 

Mean 15.3 25.8 26.5 37.2 

 

 

C)  Impact of traditional fuel use in households on Indoor Air Quality and cook stove 

testing in rural households. 

The impact of traditional fuel use in households on Indoor Air Quality and cook stove testing in 

rural households was studied. The data was collected in the rural households of the four agro 

climatic zones and the analysis of the data is in progress 

 

 

 

 

 

 

 

 

 

 

 

 

 



Annexure- HRA-002 
 

Details of Work Done from 1st January,2018 to 30th June,2018) 

 

 

A) Studies on floral biology & morphological parameters in Podophyllum hexandrum   

       under  ex-situ conditions. 

     The floral biology & morphological parameters were studied in Podophyllum hexandrum at      

     Medicinal and Aromatic Research Farm Shilly, Solan (Altitude:1550m Latitude :N 300 54'     

      30''; Longitude- E 770 07' 30''). The data is presented in Table no. 1 & 2 and Plate 1.   

 

Table 1: Quantitative morphological parameters of Podophyllum hexandrum. 

 

Parameter  Dimension/ number  

Plant height 25.23 ± 1.25cm  

Collar diameter  7.65 ±0.47 mm  

Root   

             Length  

             Diameter  

             Number/plant  

 

20.45 ± 0.57cm  

2.67 ± 0.12mm  

83.23 ± 4.23  

Rhizome  

              Length  

              Diameter  

 

5.89 ± 0.57cm  

9.75 ± 0.53mm  

Leaves  

              Number of leaves/ plant  

              Length of leaf  

 

1 – 4  

13.8 ± 0.97 cm 

No. of flowers per plant  1  

Calyx  

                                 

             Number of   Sepals  

                Length  

                Diameter  

 

6  

1.50 ± 0.08 cm  

1.26 ± 0.07 cm  

Corolla 

              Number of petals 

              Length 

              Diameter 

 

6     

2.23 ± 0.05 cm 

1.85 ± 0.04cm 

Androecium 

              No. of stamens 

 

             Filament length 

            Anther lobe length 

           Anther lobe diameter 

 

6  (5,7 and 8 anther variant also observed) 

3.59 ± 0.14 mm 

7.29 ± 0.15 mm 

2.53 ± 0.07 mm 

Gynoecium 

            No. of carpels 

 

Ovary size 

            Length 

            Diameter 

 

1 

 

 

7.88 ± 0.21 mm 

4.91 ± 0.16 mm 



       Style length 

       Stigma  width 

1.60 ± 0.08 mm 

4.02 ± 0.10mm 

Fruit 

      Length 

     Diameter 

     Fruit weight 

 

7.05 ± 0.20 cm 

33.87 ± 1.56 mm 

32.97 ± 2.26 g 

Seed  

        Length 

       Width 

       100 seed weight 

 

5.06 ± 0.10mm 

3.50 ± 0.06 mm 

4.49 ± 0.09 g 

 

   Table 2: Floral biology of Podophyllum hexandrum. 

Characters Description 

Flowering type  Bisexual, complete, hypogynous 

Flower colour White or pink 

Anther dehiscence pattern Through longitudinal slits in asynchronous 

pattern. 

Anther dehiscence time  After anthesis 

Anther dehiscence duration     7-8 days 

Stigma receptivity It occurred when half of the anthers have 

dehisced completely and rest are dehiscing 

Type of dichogamy Protandry 

Number of anther per flower 6 (5,7,8 were also observed) 

Pollen viability 96.78% ±1.10 

Pollen shape  Spherical 

Number of pollen/flower 294126.04± 17234.46 

Number of ovule per flower 102.6±5.56 

Pollen ovule ratio per flower 2864.77 

Number of seeds/fruit 2- 105 (49.65±2.34) 

Pollination vectors Flies and Ants 

Seed viability% 91.78% 

Mode of reproduction Rhizome cuttings and seeds 

 

  2 i) Anther dehiscence: Anther dehiscence started 12-15 days after appearance of floral bud 

above ground and continued for 7-8 days (Plate 2a). During anther dehiscence, anther lobes had 

achieved full length.  Anther dehiscence occurred through longitudinal slits in an asynchronous 

manner.  

 2 ii) Stigma receptivity: Stigma was found to be receptive when half of the anthers in a flower 

had completed dehiscence with rest still at the various stage of dehiscence (Plate 2b & 2c). 

 

 2 iii) Pollen morphology and viability. 

       Pollen morphology and viability/stainability were recorded in Podophyllum hexandrum and 

the results revealed that pollen grains are released in groups of four (tetrads).Tetrad size ranged 

from 0.053mm to 0.069mm in length and 0.049mm to 0.064mm in breadth. Some pollen grains 

in a tetrad were stainable or in some cases all of these were unstainabe. Overall pollen viability 

ranged from 85.34% to 100% (average 96.78% ±1.10%). Pollen grains were observed to be 

tricolpate, spherical and their size ranged from 0.036mm to 0.040mm (average 0.037).  

 



2 iv) Pollen to ovule ratio 

      Average number of pollen per flower was observed to be 294126.04± 17234.46 whereas 

number of ovule/flower ranged between 45-175 (average 102.67±5.56). The pollen and ovule 

ratio counted as 2864.77. 

  

2v) Type of dichogamy 

      The flowers of Podophyllum hexandrum showed protoandrous behaviour at anthesis stage 

later on stigma receptivity overlaps with anthers dehiscence as all the anthers of the same flower 

dehisce asynchronously. 

 

2 vi)  Pollinator vectors  

         The flowers of Podophyllum hexandrum were visited by ants and flies. It bears large 

attractive white or pink coloured flowers that help in attracting pollinator vectors.  

 

B Diurnal movement of floral parts 

        A very peculiar mechanism of diurnal movement of flower was observed in Podophyllum 

hexandrum (Plate 3). During evening, petals closed and the anthers also moved closer to stigma. 

Next morning the same petals opened up and the anthers moved apart from stigma. Petal closing 

and opening continued till ovary fertilization. This cyclic movement of petals may be to ensure 

self fertilization (petals close during evening bringing anthers close to stigma) and this could be 

a mechanism adapted by the species to ensure successful seed set in absence of cross pollination 

leading to enhanced reproductive fitness. 

 

C) Studies on seed germination parameters and seedling performance of Swertia     

     species.  
     Seeds of Swertia alata, Swertia cordata, Swertia angustifolia and Swertia purpurascens were 

sown in nursery and recorded growth parameters (Table 3). The germination studies were also 

conducted on Swertia chirayita, Swertia alata, Swertia cordata, Swertia angustifolia and Swertia 

purpurascens under laboratory conditions. The results revealed the germination percentage was 

observed to be maximum (75%) in Swertia cordata while minimum (21.667%) in Swertia 

angustifolia. Peak germination value was maximum (0.363) in Swertia cordata and minimum 

(0.073) in Swertia alata. Germination duration ranged from 31.667 days (Swertia alata) to 36.33 

days in Swertia chirayita (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3: Growth performance of seedling of different Swertia spp under ex-situ   

               conditions. 

Parameters  Plant 

height 

(cm) 

Root 

length  

(cm) 

No of veins Leaf length 

(cm) 

Leaf 

breadth 

(cm) 

Swertia alata 8.500 8.733 3 or 5 3.667 1.967 

Swertia angustifolia 7.333 15.167 1or 2 2.500 0.833 

Swertia purpurascens 9.067 14.733 3 or 5 3.933 1.167 

Swertia cordata 9.833 10.067 3 or 5 4.367 1.000 

C.D. 1.282 2.432 - N/A N/A 

SE(m) 0.363 0.689 - 0.650 0.283 

SE(d) 0.514 0.975 - 0.919 0.400 

C.V. 7.250 9.806 - 31.136 39.432 

 

Table 4: Seed germination parameters of different Swertia spp. 

Parameters Germination  

% 

Peak germination 

value 

Germination 

Duration (Days) 

Swertia  cordata 75.00 0.363 19.333 

Swertia alata 33.333 0.073 31.667 

Swertia angustifolia 21.667 0.077 34.000 

Swertia purpurascens 26.667 0.091 32.333 

Swertia chirayita 31.667 0.077 36.333 

CD 19.473 0.056 4.309 

SE (m) 8.628 0.018 1.350 

CV 28.055 22.489 7.608 

 

 

 

 

 

 

 

 

 

 

 



          
    Plant habit             Stem               Root stock    Solitary inflorescence          Leaf 

 

                    
               White flower          Pink flower                    Sepals   

 

 

              
                        Corolla                                   

          

                    
      Five anthered flower    Sseven anthered flower      Eight anthered flower                       

 

Plate 1:  Morphological features  of Podophyllum hexandrum. 

                   

 

 

 

 

Stigma 

Ovary 

Anther 

Style 



                             
                                  a)  Anther dehiscence stage                  

        
   c) Pollen germination on stigma     d) Sigma receptivity stage  

 

Plate 2: Anther dehiscence a) and stigma receptivity  b & c) stages in Podophyllum  

               hexandrum. 

 

 

 During evening, petals closed and the

anthers also moved closer to stigma.

 Next morning the petals opened up and

the anthers moved apart from stigma.

 Petal closing and opening continued till

ovary fertilization.Anthers away 

from stigma 

Opened flower 

during morning

Same flowers 

closing in the 

evening

Floral movement 

 
         Plate 3: Diurnal movement of flower in Podophyllum hexandrum. 
 

 



      

       
 

Plate 4: Nursery development of different Swertia spp for ex-situ conservation at Shilly 

farm. 
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                                                       B 

 

 
                                                         C 

 

    

     

      Plate 5: Ex-situ conservation of a) Podophyllum hexandrum b) Angelica glauca c) 

Aconitum hetrephyllum and   c) Swertia spp at Shilly Farm Solan. 

  

 

 

 

 



Annexure- HRA-003 
 

Details of Work Done from 1st January,2018 to 30th June,2018) 

 

a) To study the impact of effect of various industrial activities on the Sirsa river water 

quality, the entire stretch of river of about 30 km flowing through HP was selected and 

detailed survey was conducted for water sampling locations. Sampling locations (Figure 

1) were identified on the basis of prominent industrial activities including addition of 

sewage/wastewater into the river. The entire stretch was divided into six equal stretches 

of 4.5 km each. Six sampling locations and control site were considered as treatments. 

Accordingly, there were seven treatments namely T1, T2, T3, T4 T5 T6 and T7 whichwere 

replicated six times. A total of 42 water samples were collected and subjected to physico-

chemical and biological analyses. 

b) The statistical description including range, CD, mean, standard deviation, minimum and 

maximum of physico-chemical and biological factors of surface water quality are 

presented in Table 1. Table 3 provides the percentage of water samples that exceed the 

prescribed desirable and permissible limits of the Bureau of Indian Standards (BIS 2012) 

and World Health Organization (WHO 2011) for drinking water. pH, EC,turbidity, TDS, 

TH, COD values varied between 6.64-7.55, 129-720 µS/cm, 79-751 NTU,231-1020 

mg/l, 89-305 mmol/l and 65-453, respectively (Table 1). High concentration of TDS, TH, 

COD and turbidity in surface water is the indicator of excessive anthropogenic activities 

leading to water pollution around the sampling area. DO and BOD content in surface 

water ranged from 0.56-7.52 and 2-62 mg/l. TC content in the samples ranged between 

24–1800 MPN/100 ml. All the samples were above the permissible limits of BOD (≤2 

mg/l) and TC (100 MPN/100 mL) indicating unfit for domestic purpose (BIS 2012). 

Additionally,  samples were observed to contain predominant coliform E. coli ranging 

from 1.2×105 – 4.7×108 which was not in agreement with the permissible limits of E. coli 

(0 MPN/100 mL) depicting faecal contamination in the surface water.  

c) The data presented in Table 2 revealed the concentrations of cation and anions in the 

surface water with statistical description including range, CD, mean, standard deviation, 

minimum and maximum values. On the basis of estimated concentrations of all the 

cations, the order of dominance of cations in the surface water was Na+ > Ca2+ > Mg2+ 

> K+ during the period of the study. According to the data given in Table 2, the 

concentrations of anions were ranging from 0.08-0.72, 55.30-404.97, 0.03-18.78, 33.94-

245.44, 0.96-11.96 and 69-189 mg/l for phosphate (PO43-), chloride (Cl-), fluoride (F-), 



sulphate (SO42-), nitrate (NO3-) and bicarbonate (HCO3-), respectively. Among other 

anions, 42.85, 57.14 and 28.57% samples of chloride (Cl-), fluoride (F-) and sulphate 

(SO42-), respectively were found to above the permissible limits (Table 3). The entire 

samples of nitrate (NO3-) and bicarbonate (HCO3-) concentrations were well within the 

permissible limits of 100 and 600 mg/L (BIS 2012). The anions dominance order in the 

water samples was worked out as Cl- > SO42- > HCO3- > F- > NO3- >PO43- based on 

their concentrations. 

 



Table 1 Analysed results of physico-chemical and biological properties of Sirsa river water 

 
Sample 

Name 

Location pH Turbidity 

(NTU) 

EC 

(uS/cm) 

TDS 

(mg/l) 

Total 

Hardness 

(mmol/l) 

DO 

(mg/l) 

BOD 

(mg/L) 

TC (MPN/100 

ml) 
COD 

(mg/ml) 

Presence of 

E. coli 

(CFU/ml) 

SW1 Sirsa (Lahorandi) 6.64 79.01 129.50 231.33 89.96 7.52 2.00 120.00 65.07 - 

SW2 Sirsa (Thapal) 6.89 99.33 179.83 356.50 110.45 7.21 2.35 222.00 72.09 - 

SW3 Sirsa (Sitalpur) 6.80 157.51 283.83 462.83 157.52 5.32 6.10 360.00 97.89 1.2×103 

SW4 Sirsa (Kaindawal) 7.32 456.02 367.33 766.00 172.43 2.90 21.65 530.00 185.02 2.2×106 

SW5 Sirsa (Karathi)  7.33 537.16 448.33 838.83 227.82 1.71 45.47 920.00 258.29 2.5×107 

SW6 Sirsa (Bagwaniyan) 7.51 616.33 612.50 951.67 260.97 0.97 54.43 1700.00 367.39 3.4×108 

SW7 Sirsa (Jugatkhana) 7.55 751.50 719.67 1020.83 305.13 0.56 61.80 1800.00 453.01 4.7×108 

Range 6.64-7.55 79.01-

751.50 

129.50-

719.67 

231.33-

1020.83 

89.96-305.13 0.56-7.52 2.00-61.80 120.00-

1800.00 

65.07-453.01  

CD 0.11 7.44 3.62 4.89 0.35 0.06 0.52 49.98 0.33 

Mean±SD 7.15±0.05 385.36± 

2.17 

319.57± 

1.76 

661.14± 

2.38 

189.18±0.17 3.74±0.03 27.69±0.25 807.43±24.35 214.11±0.61 

Min 6.75 83.47 133.12 236.22 90.31 7.58 2.52 169.98 65.40 

Max 7.44 747.04 716.05 1015.94 304.78 0.51 61.28 1750.02 452.68 

 

Table 2Analysed results of cation and anions in surface water 
Sample 

Name 

Location Calcium (mg/ml) Magnesium 

(mg/ml) 

Phosphate 

(mg/ml) 

Chloride  

(mg/ml) 

Fluoride 

(mg/ml) 

Sulphate 

(mg/ml) 

Nitrate 

(mg/ml) 

SW1 Sirsa (Lahorandi) 71.82 7.59 0.08 55.30 0.033 33.94 0.96 

SW2 Sirsa (Thapal) 81.77 17.31 0.15 63.15 0.187 75.87 2.91 

SW3 Sirsa (Sitalpur) 97.44 21.96 0.26 87.26 0.203 110.95 4.41 

SW4 Sirsa (Kaindawal) 114.85 45.70 0.42 240.81 4.658 245.44 11.96 

SW5 Sirsa (Karathi)  129.32 29.12 0.59 290.87 11.438 225.23 5.42 

SW6 Sirsa (Bagwaniyan) 139.22 37.97 0.65 321.77 16.408 193.88 6.87 

SW7 Sirsa (Jugatkhana) 146.36 19.95 0.72 404.97 18.782 185.04 8.13 

Range 71.82-146.36 7.59-45.70 0.08-0.72 55.30-404.97 0.03-18.78 33.94-245.44 0.96-11.96 

CD 6.65 0.25 0.03 0.54 0.27 0.47 0.23 

Mean±SD 111.54±3.24 25.66±1.23 0.41±0.012 209.16±0.26 7.39±0.13 152.90±0.23 5.81±0.11 

Min 78.47 7.84 0.11 55.84 0.30 34.41 1.19 

Max 139.71 45.44 0.69 404.43 18.51 244.97 11.73 

 

Table 3Desirable and permissible standard limits of surface water for drinking purpose 

 



Sr. 

No. 

Parameter Number 

of 

samples 

Prescribed limits 

IS:10500:1991 

No of sample 

above desirable 

limit (%) 

No of sample above 

permissible limit 

(%) 

Detrimental effectson human  health produced 

by parameters beyond maximum permissible 

limit (MPL)  Desirable Permissible 

1 pH 7 6.5 8.5 100 NIL Taste effect, mucous membrane and water supply 

system 

2 EC 7 1500 NIL   

3 TDS (mg/ml) 7 500 2000 42.85 NIL Palatability decreases and may cause 

gastrointestinal irritation in human 

4 TH 7 300 600 14.28 NIL Extremely hard water is associated with anincrease 

incidence of urolithiasis, anencephaly, some types 

of cancer and cardiovascular disorders. 

5 BOD 7 ≤2 mg/l 100  Exposure to pathogenic microorganisms, heavy 

metals, harmful organic chemicals leading to 

various ailments 
6 COD 7        250 42.85  

7 Turbidity 7 5 10 100 100 

8 TC 7 100 MPN/100ml 100  

9 E. coli 7 0 MPN/100ml 14.28  

10 DO 7 >6 mg/ml 28.57  

11 Calcium (mg/ml) 7 75 200 14.28 NIL Insufficiency causes a severe type of rickets, excess 

causes concretion in thebody such as kidney or 

bladder stones 

12 Magnesium (mg/ml) 7 30  28.57  Its salts are cathartic and diuretic. High conc. have 

laxative effect 

13 Phosphate 7 -   Cause damage to the liver, the heart or the kidneys 

and osteoporosis 

14 Chloride (mg/ml) 7 250 1000 42.85 NIL Injurious to people with heart and kidney ailment 

15 Fluoride (mg/ml) 7 1.0 1.5 57.14 57.14 Dental caries, crippling skeletal fluorosis 

16 Sulphate (mg/ml) 7 200 400 28.57 NIL Causes gastrointestinal irritation 

17 Nitrate (mg/ml) 7 45 100 NIL NIL Methaemoglobinemia in infants 

d) On the basis of cumulative assessment of water quality parameters namely TC, DO, BOD, pH and EC, CPCB (2007) has classified surface water in five 

quality classes for specific designated purposes (Table 4). It is important to note that evaluation of multi-parameter provide concrete result rather than individual 

parameter. Surface water samples of the study area have been classified as per the guidelines of water quality criteria (CPCB 2007) and are presented in Table 

6 in which the number of samples fall in class A, B, C, D and E, respectively, are 1, 2, 3, 3 and 3. The data here indicates that maximum numbers of samples 

are suitable for namely, drinking water source only with conventional treatment, propagation of wildlife and fishery and irrigation, industrial cooling and 

controlled disposal. Such significant variations in water quality can be attributed to the self-purification capacity of lotic system. 

Table 4 Designated best use classification of surface water Source: Guidelines for water quality monitoring, MINARS/2007–08 (CPCB 2007) 

Class Designated best use Primary water quality criteria Percentage of samples (5%) 



A Drinking water source without conventional treatment but 

with chlorination 

TC (MPN/100ml) ≤50 14.28 

DO (mg/ml) ≥6 

BOD (mg/ml) ≤2 

B Outing bathing (organized) TC (MPN/100ml) ≤500 28.57 

DO (mg/ml) ≥5 

BOD (mg/ml) ≤3 

C Drinking water source with conventional treatment TC (MPN/100ml) ≤5000 42.85 

DO (mg/ml) ≥4 

BOD (mg/ml) ≤3 

D Propagation of wildlife and fisheries TC (MPN/100ml) ≤5000 42.85 

DO (mg/ml) ≥4 

BOD (mg/ml) ≤3 

E Irrigation, industrial cooling and controlled disposal TC (MPN/100ml) ≤5000 42.85 

pH 6.5-8.5 

EC (uS/cm) ≤2250 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sampling locations of the River Sirsa 

d) The aim of the study was to assess the water pollution in terms of total content of heavy metals by calculating indices such as Heavy metal 

pollution index (HPI) and Metal index (MI). In the study, the surface water quality of the River Sirsa was assessed with special reference 

to nine toxic heavy metals namely arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), nickel (Ni), zinc (Zn) 

and manganese (Mn). The study recorded maximum values of As, Cd, Cu, Fe, Pb, Ni, Zn and Mn as 0.022, 0.07, 0.10, 0.29, 1.21, 0.55, 

0.27, 0.25 and 0.32 mg/L, respectively whereas the minimum recorded values were 0.001, 0.01, 0.02, 0.04, 0.09, 0.03, 0.03 and 0.02 mg/L, 



respectively at different sampling sites (Table 6). Most of the estimated values were found either above or closed to the permissible limits 

of national and international standards except Zn where all the samples were well within standard limits (Table 5). Nickel and Lead 

exceeded the desirable limits in all samples. The data have been used for the calculation of Heavy-metal Pollution Index (HPI) and Metal 

Index (MI) (Table 7 and 8). The mean HPI value of river water was calculated as 999 which was found to be above the critical pollution 

index value of 75. As per HPI value for each sampling site, quality of surface water was found to be fall under poor to very poor category 

making it unfit for drinking purposes. The mean MI value of river water was 13.68 which indicated that it was seriously affected. The data 

generated from the MI values for each sampling site, it was observed that most of the sites at lower stretch of river were falling in poor 

quality depicting the significant impact of industrialization on the water characteristics. Correlation analysis among all considered heavy 

metals showed positive correlation with each other (Table 9).  

Table 5: Drinking water standards for trace and toxic metals (BIS-10500-2012) 

Toxic metal WHO 1993  

Health based 

guideline 

(mg/L) 

BIS-10500-2012 Detrimental effects on human  health produced by heavy metals present beyond maximum 

permissible limit (MPL) Requirement 

(acceptable limit)                                  

Permissible limit                                                                 

In the absence of                                     

alternative source 

    (mg/L)        (µg/L)           (mg/L)         (µg/L)                    

Arsenic 0.01 0.01 10 0.05 50 Cancer in the skin, lungs, bladder and kidney. It can also cause other skin changes such as thickening 

and pigmentation. 

Cadmiun 0.003 0.003 3 No 

relaxation 

 Excessive exposures may impair lung function and increase the risk of lung cancer 

Chromium 0.05 0.05 50 No 

relaxation 

 Respiratory tract irritant and can cause pulmonary sensitization. Increases the risk of lung, nasal, and 

sinus cancer 

Copper 2.0 0.05 50 1.5 1500 Nausea, vomiting, stomach cramps, or diarrhoea. High intakes of copper can cause liver and kidney 

damage and even death 

Iron No guideline 0.3 300 No 

relaxation 

 Hereditary hemochromatosis which leads to the build-up of iron in tissues and organs increasing the 

risk of arthritis, cancer, liver problems, diabetes and heart failure 

Lead 0.01 0.01 10 No 

relaxation 

 Profound and permanent adverse health effects, particularly affecting the development of the brain 

and nervous system. Lead also causes long-term harm in adults, including increased risk of high blood 

pressure and kidney damage. 

Nickel 0.02 0.02 20 No 

relaxation 

 Chronic bronchitis, reduced lung function, allergies, carcinogenesis and cancer of the lung and nasal 

sinus 

Zinc 3.0 5 5000 15 15,000 Detrimental impact on growth, neuronal development, and immunity, and in severe cases its 

consequences are lethal. 

Manganese  0.1 100 0.3  Effects occur mainly in the respiratory tract and in the brains. Symptoms of manganese poisoning are 

hallucinations, forgetfulness and nerve damage. Manganese can also cause Parkinson, lung embolism 

and bronchitis. 

Table 6: Analysed results of toxic heavy metalsin surface water 



Sample 

Name 

Location Iron  

(mg/L) 

Nickel 

(mg/L) 

Chromium 

(mg/L) 

Cadmium 

(mg/L) 

Copper 

(mg/L) 

Manganese 

(mg/L) 

Lead 

(mg/L) 

Zinc 

(mg/L) 

Arsenic 

(mg/L) 

SW1 Sirsa (Lahorandi) 0.09 0.03 0.02 0.00 0.04 0.02 0.03 0.03 0.000 

SW2 Sirsa (Thapal) 0.31 0.04 0.03 0.00 0.07 0.05 0.04 0.03 0.001 

SW3 Sirsa (Sitalpur) 0.56 0.11 0.05 0.01 0.14 0.15 0.11 0.06 0.002 

SW4 Sirsa (Kaindawal) 1.09 0.20 0.10 0.02 0.21 0.22 0.21 0.09 0.002 

SW5 Sirsa (Karathi)  1.21 0.22 0.10 0.04 0.29 0.22 0.32 0.12 0.010 

SW6 Sirsa (Bagwaniyan) 1.20 0.27 0.10 0.06 0.28 0.30 0.48 0.13 0.012 

SW7 Sirsa (Jugatkhana) 0.46 0.23 0.07 0.07 0.20 0.32 0.55 0.25 0.022 

Range 0.09-1.21 0.03-0.27 0.02-0.10 0.00-0.07 0.04-0.29 0.02-0.32 0.03-0.55 0.03-0.25 0.000-0.022 

CD 0.04 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.001 

Mean±SD 0.71±0.02 0.16±0.02 0.07±0.01 0.03±0.01 0.18±0.01 0.18±0.01 0.25±0.01 0.10±0.01 0.01±0.001 

Min 0.13 0.04 0.03 0.01 0.06 0.04 0.05 0.05 0.00 

Max 1.17 0.26 0.09 0.06 0.27 0.30 0.52 0.23 0.02 

 

Table 7: HPI calculations for river water at each sampling sites  

Sample Name Location HPI 
SW1 Sirsa (Lahorandi) 64 
SW2 Sirsa (Thapal) 88 
SW3 Sirsa (Sitalpur) 416 
SW4 Sirsa (Kaindawal) 800 
SW5 Sirsa (Karathi)  1356 
SW6 Sirsa (Bagwaniyan) 1992 
SW7 Sirsa (Jugatkhana) 2274 

Mean HPI 999 

 

 

 

Table 8:  MI calculations for river water based on mean heavy metals concentration 



Sr. No. Heavy metal  Mean Concentration (µg/L) Maximum Allowable Conc. 

(MAC) (µg/L) 

MI 

1 Fe 710 300 2.37 

2 Ni 160 20 8.00 

3 Cr 70 50 1.40 

4 Cd 30 3 10.00 

5 Cu 180 50 3.60 

6 Mn 180 100 1.80 

7 Pb 250 10 25.00 

8 Zn  100 5000 0.02 

9 As 10 10 1.00 

Mean MI = 13.68 

Table 9: Correlation coefficient between heavy metals 

 Fe Ni Cr Cd Cu Mn Pb Zn As 

Fe 1         

Ni 0.82 1        

Cr 0.96 0.93 1       

Cd 0.50 0.89 0.67 1      

Cu 0.92 0.95 0.96 0.77 1     

Mn 0.67 0.97 0.83 0.93 0.86 1    

Pb 0.52 0.91 0.69 1.00 0.78 0.95 1   

Zn  0.28 0.77 0.52 0.93 0.61 0.87 1.00 1  

As 0.26 0.74 0.46 0.95 0.60 0.83 0.94 0.97 1 

*Correlation is significant at the 0.05 level (2-tailed)  

 

e) The examination of the major water quality parameters defining ground water quality of Dharamshala town in Kangra district of Himachal 

Pradesh was performed with collected water samples subjected to physico-chemical and biological analysis, according to the standard 

methods for the examination of water and wastewater. The study revealed significant variations in physico-chemical and biological 

properties of the river water and these were in the range of 5.26-6.86 for pH, 1-179 NTU for turbidity, 57-210 mg/L for TDS, 3-121 µS/cm, 

4-7 mg/L for DO, 1.33-44.23 mg/L for BOD, 40-310 mg/L for COD, respectively (Table 10). TH values varied from 5-85 mmol/l. TC 

content in the samples ranged between 6-141 MPN/100 ml. Additionally, some of the samples were observed to contain predominant 



coliform E. coli which was not in agreement with the permissible limits of E. coli (0 MPN/100 mL) depicting faecal contamination in the 

waterTable 10).  

Table 10: Details of the physicochemical and bacteriological analysis of Ground Water samples collected from MC area of Dharamshala town  

 in Himachal Pradesh 

Sr. 

no. 

 

Sample 

Total 

Hardness 

(mmol/l) 

pH 
EC 

(dS/cm) 

Turbidity 

(NTU) 

TDS 

(mg/l) 

 

DO 

(mg/l) 

 

COD 

(mg/l) 

TC 

(MPN/ 

100ml) 

BOD 

(mg/l) 

Phosphate 

(mg/l) 

Presence of 

Escherichia 

coli 

1 GW1 36.45 6.11 121.08 178.03 116.28 6.31 288.00 133.33 9.33 0.26 + 

2 GW2 21.28 6.72 23.24 1.03 153.29 6.04 89.67 103.33 11.67 0.05 + 

3 GW3 18.09 6.66 24.02 1.37 148.55 6.11 83.67 93.67 3.00 0.04 - 

4 GW4 31.39 6.62 22.12 4.04 158.66 6.57 90.67 43.00 2.00 0.03 - 

5 GW5 34.24 6.53 2.28 18.46 126.53 6.70 298.00 34.67 1.67 0.10 - 

6 GW6 20.18 6.81 16.15 1.39 99.67 6.24 84.00 20.00 2.00 0.02 - 

7 GW7 34.17 6.60 17.62 1.93 112.67 7.09 74.00 45.00 1.33 0.09 - 

8 GW8 26.28 6.86 12.08 2.58 77.40 6.77 65.67 43.00 3.00 0.03 - 

9 GW9 16.17 6.75 12.57 5.97 77.83 7.25 98.00 10.67 9.33 0.02 + 

10 GW10 23.41 6.80 13.39 3.81 79.52 6.18 215.33 94.33 20.67 0.01 + 

11 GW11 13.25 6.69 18.98 17.08 115.26 6.64 79.00 23.33 5.00 0.11 + 

12 GW12 15.51 6.64 28.11 3.09 190.65 6.94 103.67 14.67 4.67 0.08 + 

13 GW13 85.65 6.69 49.01 3.96 186.47 7.06 99.67 8.00 3.00 0.02 - 

14 GW14 20.08 6.09 21.19 4.95 124.84 6.42 65.33 9.67 4.00 0.03 - 

15 GW15 20.18 6.19 22.53 5.94 140.83 6.86 76.00 6.00 5.67 0.03 - 

16 GW16 26.73 6.57 25.68 5.15 168.55 6.45 86.00 6.67 7.33 0.08 + 

17 GW17 32.41 6.87 29.83 21.11 186.78 6.88 99.33 18.67 16.33 0.04 + 

18 GW18 78.53 6.75 11.01 7.53 76.66 6.48 59.00 33.00 2.00 0.02 - 

19 GW19 58.80 6.24 37.06 4.32 201.25 6.76 298.00 40.67 30.00 0.04 + 

20 GW20 67.55 6.37 32.20 3.05 206.85 6.06 261.67 48.67 25.00 0.10 + 

21 GW21 61.13 6.68 35.38 10.73 210.04 6.15 287.33 31.00 21.67 0.04 + 

22 GW22 80.08 6.18 16.21 13.26 96.55 5.99 43.33 17.67 2.00 0.02 - 

23 GW23 72.34 6.28 44.09 1.40 225.77 6.85 310.00 64.33 2.00 0.03 - 

24 GW24 46.15 6.57 13.17 13.06 78.47 6.51 68.67 73.00 44.33 0.03 + 

25 GW25 37.81 5.61 14.48 1.10 87.58 3.85 60.67 15.67 3.00 0.02 - 

26 GW26 14.51 5.49 13.46 5.03 86.87 5.28 59.00 11.33 2.00 0.21 - 

27 GW27 21.23 5.36 24.26 7.97 95.24 6.82 64.00 10.00 2.00 0.04 - 

28 GW28 65.22 6.28 34.04 2.37 127.54 5.39 111.00 21.00 1.33 0.02 - 



29 GW29 74.52 6.55 18.47 4.97 120.93 4.86 106.00 22.00 1.67 0.03 - 

30 GW30 26.32 5.96 23.37 2.07 161.60 5.66 127.00 130.67 2.67 0.02 - 

31 GW31 41.39 6.40 21.52 6.48 156.25 5.85 121.67 111.00 1.67 0.04 - 

32 GW32 36.72 6.02 15.73 24.23 143.74 5.88 118.00 49.33 1.33 0.01 - 

33 GW33 26.83 5.70 14.61 7.05 95.68 6.45 179.00 11.00 27.33 0.03 - 

34 GW34 16.16 7.31 63.17 75.48 65.38 6.27 40.67 9.67 1.67 0.13 + 

35 GW35 5.58 6.13 14.71 2.03 57.49 6.18 72.00 63.67 2.00 0.02 - 

36 GW36 32.68 5.71 9.71 179.77 96.80 5.75 167.00 141.33 20.33 0.26 - 

37 GW37 5.31 5.94 13.41 1.15 66.98 6.15 40.00 31.67 31.00 0.03 + 

38 GW38 11.67 5.26 13.89 3.10 87.35 6.07 85.67 23.67 20.67 0.02 + 

39 GW39 8.78 5.31 14.32 2.96 96.95 6.55 94.67 22.00 1.67 0.02 + 

40 GW40 17.87 5.37 15.22 6.46 105.55 6.19 112.33 24.00 12.33 0.01 - 

41 GW41 21.52 6.19 47.41 43.05 118.52 6.28 185.00 33.67 3.00 0.04 - 

Range 5.31-85.65 
5.26-

6.86 

2.28-

121.08 

1.03-

179.77 

57.49-

210.04 

3.85-

6.94 

40.00-

310.00 

6.00-

141.33 

1.33-

44.33 
0.01-0.21  

CD 0.16 0.05 0.18 1.22 0.39 0.08 5.10 5.73 2.07 0.03  

Min 5.47 5.32 2.46 2.24 57.88 3.93 45.10 11.73 3.40 0.04  

Max 85.49 6.81 120.90 178.56 209.65 6.87 304.90 135.60 42.26 0.19  

 

 

 

 

 

 

 

 

 

 



Himalayan Junior Research/Project Fellows 

H-JRF’s Profile Description: 

S. 

No.  

S. No. Name of JRF Date of Joining Name of the PI Qualification 

1 H-JRF 001 Meenakshi 

Dhiman 

10/04/2018 Dr. Neerja Rana M.Sc.(Microbiology) 

2 H-JRF 002 Kapil Dev  24th September, 

2016 

Dr AK Randev MSc Agricultural 

Economics 

3 H-JRF 003 Mast Ram 14-06-2018 Dr. B Gupta M.Sc. (Forestry) Forest 

Genetic Resources 

4 H-JRF 004 Kanika Sharma 25/08/2017 Dr. Nivedita 

Sharma 

M.Sc.(Microbiology) 

5 H-JRF 005 Shubham  14/03/2018 Dr. Uday Sharma M.Sc. (Soil Science) 

6 H-JRF 006 Radhika Pathania 07-10-2016 Dr S K Bhardwaj M.Sc in Environmental 

Science 

7 
H-JRF 007 Kartikey Sahil 22-09-2016 

Dr. Satish Kumar 

Bhardwaj 

M.Sc in Environmental 

Science 

8 H-JRF 008 Shalini Chauhan  9/02/2018 Dr S K Bhardwaj M.Sc in Environmental 

Science 

9 H-JRF 009 Aditi Rana 27th January 

2018 

Dr. Sunita Devi M.Sc.(Microbiology) 

10 H-JRF 010 Vipin Kumar 12th Jan, 2018 Dr Yash Pal Sharma M.Sc Forestry 

 

 

 

 

 

 

 



Progress Report: To be filled for each JRF in separate row. 

 

JRF 

No. 

Research Objectives Achievements Addressed 

Deliverable 

Location of 

Demonstration/ Study site 

with details. 

001 1. To assess current 

scenario of superior 

acacia catechu and 

Dalbergia sissoo 

nitrogen fixing 

trees. 

2. How the nitrogen 

fixing ability of 

trees could be 

enhanced by using 

potential PGPR 

strains. 

 

Morphological, 

Biochemical and 

Physiological 

characterization of 

Selected Rhizobium 

isolates. 

 

Effect of rhizobial 

inoculation along with 

different nitrogen 

fertilizer doses on 

root-shoot character 

and nitrogen fixing 

potential 

(The detail attached as  

Annexure H-JRF 

001) 

 

 

Isolation and screening 

of Rhizobia from 

rhizospheric soil as 

well as from root 

nodule  of Acacia 

catechu and Dalbergia 

sissoo for Sustainable 

harvesting for diverse 

natural resources 

developed. 

 

Effect of rhizobial 

inoculation along with 

different nitrogen 

fertilizer doses on plant 

parameters and 

nitrogen fixing 

potential for good 

practices and up-

scaled. 

Himachal Pradesh: 

Kangra(31°49'58.34"N 

76°20' 36.07"E) 

Hamirpur(31°37'5.54"N 

76°15' 58.01"E) 

Bilaspur(31°35'13.35"N 

76°38' 37.7"E) 

Una(31°32' 15.67"N 

 76° 38' 53.55"E)  

Solan(30°51' 31.61"N  

 77° 10' 37.49"E) 

Uttrakhand: 

Dehradun(30°.20.634N 

78°.0.380E) 

Haridwar(29°.43.852N  

78°.14.965E) 

Rishikesh(30°.11.361 N 

78°.12.067E) 

Pant Nagar(29°.2.575N  

79°.30.927E) 

Nainital(29°.3.998N  

79°.30.761E) 

002 1. To analyse the socio-

economic 

characteristics in the 

study areas with 

emphasis on causes 

and consequences of 

degradation of 

natural resources. 

2. To initiate natural 

resources, 

accounting.  

Different socio-

economic 

characteristics viz; 

family size, sex ratio, 

literacy rate, literacy 

index and 

dependency ratio, 

occupation, land 

holding of the 

sampled households 

have been analysed 

The existing status of 

different socio 

economic parameters 

of the farming 

community based on 

averages and 

percentages has been 

done. 

 

Important economic 

indicators for decision 

 Solan, Sirmour and Mandi 

districts, which lies between 

30022’33” to 32004’30” N 

latitude to 76037’20’’ to 

77023’15’’E longitude.  



 for both beneficiary 

and non-beneficiary 

farms.  

(The details attached 

as Annexure-HJPF-

002) 

making at all level of 

watershed 

managements projects 

003 To prepare a database of 

biodiversity resources 

Survey carried out in 

Kullu district of 

Himachal Pradesh to 

identify different land 

uses practices and 

their vegetation 

composition. 

  

A detailed survey of 

the forest land use at 

selected sites has been 

conducted which was 

analyzed qualitatively 

and quantitatively for 

floral biodiversity by 

standard quadrat 

method. 

(The details attached 

as Annexure-HJPF-

003) 

A database of plant 

resources available in 

studied sites has been 

prepared. 

• A database of 

indigenous 

technologies of plant 

use have been 

compiled. 

•Appropriate 

combinations of trees, 

shrubs and herbs 

(grasses, cereals etc) 

can be recommended 

for sustainable 

development by further 

analysis. 

  

 Kullu district area is 

bounded between 31
o
58’00’’ 

North latitude and 77
o
06’4” 

East longitude with an 

altitudinal range from 827m 

- 6818m above msl. 

However, the study sites 

were confined to the 

elevation rages between 800 

-3300 m from which five 

elevation zones were made 

an interval of 500 m.  

 

004 1. Biodegradation/

enzymatic 

saccharification 

of agricultural 

waste 

2. Co-

fermentation of 

degraded sugars 

into ethanol 

 Production 

and Concentration of 

hydrolytic enzymes 

has been done. 

 Enzymatic 

saccharification/hydr

olysis is going on. 

(The details attached 

as 

Annexure-HRA-

004) 

 Standardizatio

n of different methods 

for enzymatic 

saccharification 

process of biomass 

 Optimization 

of different parameters 

for enhanced 

enzymatic hydrolysis. 

 

 

Study location/site:  

Himachal Pradesh: Solan, 

Shimla, Kangra 

Punjab : Ludhiana, 

Jalandhar, Patiala 

Haryana: Karnal 

 

 



005 1. To estimate the 

effect of forest 

fires on net 

nitrogen 

mineralization 

and carbon. 

2. To evaluate the 

effects of forest 

fires on the 

microbial 

biomass 

 

The initial samples 

have been collected 

and further analysis is 

being carried out in 

the laboratory.  

 

(The details attached 

as Annexure HJRF-

005). 

Collection of soil 

samples from the PVC 

cores are being done on 

monthly basis.  

Soil microbial biomass 

C will also be 

determined. Soil 

microbial biomass will 

be estimated from april 

to october on monthly 

soil sample basis. 

Chir Pine Forest Area 

Nauni, Solan HP 

006 

 

 

1. Source specific 

quantification 

and 

characterization 

of urban solid 

waste of 

different towns 

of Himachal 

Pradesh 

2. Bio recycling of 

biodegradable 

urban solid 

waste through 

composting and 

its evaluation 

 

3. Assessment of 

GHG emission 

and energy 

generation 

potential of 

USW. 

 

Status of solid waste 

management in 

Solan town. 

 

Survey of the 

selected houses done 

for collecting the 

primary data on 

waste generation, 

quantification and 

composition of 

urban solid waste at 

generation sources.  

 

 

Based on house-hold 

survey the per capita 

waste generation 

rate was calculated.  

 

Methane emission 

was calculated as per 

IPCC (1996) 

methodology. (The 

details attached as 

Eco-friendly waste 

management 

 

Database on solid 

waste management 

Solan town (residential, 

commercial & 

institutional sites) 

 



Annexure- HJRF-

006). 

007 To study  air, water and 

soil  pollution in selected 

towns of HP. 

 

Assessed different air 

pollutants and air 

toxic levels in Mandi 

town and BBN region 

of Himachal Pradesh. 

(The details attached 

as Annexure-HJPF-

007) 

Assessment of 

pollutant (PM10, SO2, 

NO2 and volatile 

organic compounds) in 

the air. 

  

Mandi town and BBN region 

of Baddi, Distt Solan 

008 1. Evaluation and 

assessment of the 

existing ecotourism 

sites for sustainability. 

2. Assessment of the 

environmental and 

social impacts of 

various ecotourism 

activities. 

3. Identification of 

potential ecotourism 

sites in the state. 

 

1. The study indicated 

that the ecotourism 

activities in mid hills 

were still within the 

carrying capacity 

limit. 

2. Rate of tourist 

growth was 8.9 %, 

indicating that 

Himachal has a great 

scope for ecotourism.  

3. It is perceived that 

there are facilities, 

infrastructures as well 

as suitable manpower 

for management and 

providing tourism 

services.  

(The details attached 

as Annexure H-JRF 

008) 

Sustainability of 

ecotourism in the mid 

hill Himalayan region. 

Carrying capacity of 

the studied sites in the 

region 

Recommendation of 

strategies for 

sustainable ecotourism 

in Himachal Pradesh. 

 

3 sites namely  

Pine Hills Eco-camp, 

Chewa, 

Park Woods, Aanji 

 and  

Sanawar Nature Camp, 

Sanawar lying in the mid 

hill regions of HP at altitude 

of  650-1800m.   

009 To assess the culturable 

microbial diversity 

associated with the 

rhizosphere of Arnebia 

euchroma 

 

Lytic enzymes 

production by fungal 

isolates was 

determined. 

 

Diversity of culturable 

microflora (fungi, 

bacteria and 

actinomycetes) 

associated with 

 Himachal Pradesh 

1)  Gue  (Distt- Lahaul Spiti) 

 

Altitude: 10,499 feet 

Longitude: N32◦07’59.0’’ 

Latitude: E 78◦33’51.9’’ 



Determination of 

microbial load in the 

rhizosphere of Arnebia 

euchroma  

 

 

Identification and 

characterization of 

potential fungal 

isolates was done. 

(The details attached 

as Annexure H-JRF 

009) 

 

 

rhizosphere of Arnebia 

euchroma. 

 

Plant growth 

promoting potential of 

isolated fungi. 

 

 

Conservation of 

potential fungal isolate 

by depositing at 

National Culture 

collection centre. 

 

2) Chango & Nako, Distt- 

Kinnaur) 

 

Chango 

Altitude:3,670 m 

Longitude: N 31◦58’33.0’’ 

Latitude: E 78◦35’42.7’’ 

 

Nako  

Altitude:3,636 m 

Longitude: N 31◦52’53.6’’  

Latitude: E 78◦37’32.8’’ 

010 To explore intraspecific 

variation using 

morphological markers 

in selected species and 

attempt their 

multiplication. 

Further studies on the 

reproductive biology of 

selected species. 

 

Active content 

profile of Picrorhiza 

kurroa grown at 

different locations 

was done through 

HPLC method. 

 

(The details attached 

as Annexure  

H-JRF 010). 

 

 Active content 

profile of 

Picrorhiza kurroa 

 

1) Kothi site (Distt Kullu) 

Altitude: 2520m 

Latitude:N32°19'8.208'' 

Longitude: 

E77°11'34.5444''. 

  

2)Jagatsukh  (Distt Kullu) 

Altitude: 1926m 

Latitude:N32°11'46.2156'' 

Longitude: E770 
 

2'15.8256'. 

 

3)   Kanniad site (Distt 

Kullu) 

Altitude: 3721m; Latitude: 

N31°42'14'';    Longitude:   

E770 
 37'35.2' '. 

 

 

 



 

 

 

 

 

 

 

 

Annexure-HJRF-001 

Details of Work Done from 1st January to 30th June, 2018 

1.Morphological, Biochemical and Physiological characterization of Selected Rhizobium isolates from Acacia catechu and Dalbergia 

sissoo from HP and Uttrakhand  

For Acacia catechu two isolates (AUB5 and AUP2) were selected on the basis of maximum PGP traits one from Himachal (AUB5) and another 

from Uttrakhand (AUP2) for morphological, physiological and biochemical characterization. The isolates produced opaque, nearly round and 

gummy colonies with raised elevation and smooth surface, which indicate it as rhizobia. The gram’s reaction indicates them as gram negative 

rods. They were motile, non endospore forming capsulated microbes.  



Both the selected isolates gave positive test for methyl red and catalase and were found to be negative for Indole test, H2S gas production 

and VP test. In case of carbon utilization, all the isolates were able to ferment xylulose, fructose, sucrose, galactose, maltose, manitol and glucose. 

None of the isolates was able to ferment starch, cellulose, casein and lactose as carbon source. 

The growth of selected isolates varied at tried pH (4.0-9.0) levels, temperature (25-45ºC), Incubation period (0-120hrs.) and NaCl 

concentraton (0.25-5%). All the isolates were able to grow at pH ranges from 5.0-8.0, however, none was found to grow highly acidic i.e pH 4 and 

alkaline i.e pH 9. All the isolates were able to grow at the temperature range 25-40ºC, however, none was able to grow at 45 ºC. All the isolates 

grew well various salt concentrations but at 5% of salt concentration they were not able to grow.  
                          

For Dalbergia sissoo two isolates (DBD1 and DRT5) were selected on the basis of maximum PGP traits one from Himachal (DBD1) and another 

from Uttrakhand (DRT5) for morphological, physiological and biochemical characterization.  

Both the isolates produced opaque, nearly round and gummy colonies with raised elevation and smooth surface, which indicate it as 

rhizobia. The gram’s reaction indicates them as gram negative rods. They were motile, non endospore forming capsulated microbes.  

Both the rhizobial isolates were positive for Methyl red test, Catalase test, Urease test, Ammonia production test, whereas both the isolates were 

negative for Indole test, Voges Proskauer test, Hydrogen sulphide production, Citrate test, Cellulase and Casein test. In case of carbon utilization, 

both the isolates were able to ferment xylulose, sucrose, galactose, maltose, mannitol fructose except lactose. 

The growth of selected rhizobial isolates varied at pH (4.0-9.0) levels, temperature (20-45ºC), Incubation period (0-120hrs.) and NaCl concentraton 

(0-5%). Both the isolates were able to grow at pH ranges from 5.0-8.0, however, none was found to grow in highly acidic i.e pH 4 and alkaline i.e 

pH 9. Both the isolates were able to grow at the temperature range 25-35º C, however, none was able to grow at 45 ºC. Both the isolates were able 

to grow at various salt concentration but not at 5% of salt concentration.  

 

2. Effect of rhizobia and chemical fertilizer on D. sissoo and Acacia catechu seedlings growth and nodulation under net house conditions 
Data presented in Table7 revealed that the maximum shoot, root and nodulation parameters was recorded with T4 treatment 

(PGPR1+PGPR2) which was statistically at par with T6 treatment (PGPR1+ 40%N) whereas, minimum was recorded with T1 (Uninoculated 

control). 

Data presented in Table8 revealed that the maximum shoot, root and nodulation parameters was recorded with T6 treatment (PGPR1+ 

40%N) which was statistically at par with T4 (PGPR1+PGPR2) treatment whereas, minimum was recorded with T1 (Uninoculated control). 



   Table1: Morphological characters of rhizobial isolates of Acacia catechu. 

Isolate Colony 

color 

Opacity Form Elevation Margin Texture Surface Mortility Shape Arrangment Color Gram 

Staining 

Endospore 

Staining 

Capsular 

staning 

AUB5 Cream Opaque Circular Raised Entire Gummy Smooth + Rod Cluster Pink - - + 

AUP2 cream Opaque Circular Raised Entire Gummy Smooth + Rod Cluser Pink - - + 

 

Table 2. Biochemical characters of rhizobial isolates of Acacia catechu. 
 

Isolates Indole Methyl-

Red 

Vp H2S Catalase Citrate Starch Cellulase Caseine Urease Gelati-se NH3 Xylulose Fructose Sucrose Galactose Maltose Manitol Lactose Glucose 

AUB5 - - - - + - - - - + - + + + + + + + - + 

AUP2 - - - - + - - - - - + ++ + + + + + + - + 

 
Table3. Physiological characters of rhizobial isolates of Acacia catechu. 
 

Isolates PH NaCl conc. Temprature Incubation period 

4 5 6 7 8 9 0 0.25 0.50 0.75 1 2 3 4 5 20 25 30 35 40 45 0 12 24 48 72 96 120 

AUB5 - + + + + - - - + + + + + + - + + + + + + - - + + + + + 

AUP2 - + + + + - - - + + + + + + - + + + + + + - - + + + + + 

 

 

 

 

 



Table 4. Morphological characters of rhizobial isolates of Dalbergia sissoo. 

 
Morphological Characters 

Rhizobial 

Isolates 

Colony 

color 
Opacity Form Elevation Margin Surface Texture Motility Shape Arrangement Colour 

Gram’s 

reaction 

Endospore 

staining 

Capsular 

staining 

DBD1 White Opaque Circular Raised Entire Granular Slimy + Rods Cluster/single Pink - - + 

DRT5 White Opaque Circular Raised Entire Smooth Slimy + Rods Cluster/single Pink - - + 

Table    5 Biochemical tests rhizobial isolates of Dalbergia sissoo 

 Indole test 
Methyl-

Red test 

Voges 
Proskauer 

test 

Hydrogen 
sulphide 

production 

Catalase test Citrate test 
Starch 

hydrolysis 

Cellulase 

Test 
Caseine test Urease test Gelatine-synthesis 

NH3 

producti

on 

DBD1 - + - - + - + - - + - ++ 

DRT5 - + - - + - - - - + + + 

Carbohydrate 

test 
Xylulose Fructose Sucrose Galactose Maltose Mannitol Lactose Glucose Xylulose    

DBD1 + + + + + + - + +    

DRT5 + + + + + + - + +    

Table   6 Optimization of selected rhizobial isolates of Dalbergia sissoo 

pH DBD1 DRT5 
Temperature(°

C) 
DBD1 DRT5 

Incubation 

period (h) 
DBD1 DRT5 

NaCl concentration 

(%) 
DBD1 DRT5    

4 - - 20 + + 0 - - 0 + +    

5 + + 25 + + 12 - - 0.25 + +    

6 + + 30 + + 24 + + 0.50 + +    

7 + + 35 + + 48 + + 0.75 + +    

8 + + 40 + + 72 + + 1 + +    

9 - - 45 - - 96 + + 2 + +    

      120 + + 3 + +    

         4 + +    

         5 + +    

 



 

Table 7. Effect of rhizobia and chemical fertilizer on D. sissoo seedlings growth and nodulation 

 

Shoot Characters  Root characters  Nitrogen Fixation potential  

Treatments  Shoot 

length(cm) 

Number 

of leaves 

Leaf 

area 

(cm2) 

Collar 

diameter 

(mm) 

Shoot 

dry 

weight 

(g) 

Root 

Length 

(cm) 

Root dry 

weight 

(g) 

Number 

of 

nodules 

Nodules 

fresh 

weight 

(g) 

Nodules 

dry 

weight 

(g) 

Leghemogl

obin 

content 

(mg/ml) 

Nitrogenase 

activity (n moles 

C2H2 reduced g-1 

fresh weight h-1) 

T1(Control)  25.2 72 10.2 2.6 3.04 18.88 1.25 0 0 0 0 0 

T2 (PGPR1)  32.6 80 11.9 3.1 3.13 21.48 1.4 77 0.63 0.28 5.91 336.83 

T3(PGPR2)  30.8 74 11.6 2.8 3.08 18.92 1.39 73 0.53 0.18 5.26 270.83 

T4(PGPR1+PGPR2)  49.3 88 21.3 4.2 5.27 29.68 2.16 89 0.93 0.56 8.76 618.58 

T5(PGPR1+20%)  35.8 86 17.4 3.8 3.97 27.01 1.73 84 0.87 0.42 7.96 489.47 

T6(PGPR1+40%N)  48.9 87 21.1 3.9 5.21 28.97 2 88 0.92 0.54 8.47 598.23 

T7(PGPR1+60%N)  39.1 84 19.6 3.5 3.55 26.56 1.59 82 0.86 0.44 7.52 435.05 

T8(PGPR2+20%N)  34.7 83 14.2 3.3 3.32 25.52 1.67 86 0.81 0.39 6.89 380.34 

T9(PGPR2+40%N)  46.8 87 20.5 3.4 4.56 28.51 1.98 87 0.89 0.47 8.11 528.4 

T10(PGPR2+60%N)  37.1 81 17.4 3.2 3.21 23.56 1.49 81 0.76 0.34 6.57 362.05 

CD  1.536 NA 1.715 0.515 0.170 1.715 0.172 NA 0.172 0.172 1.715 171.518 

 

 



  

         Plate1 : Effect of rhizobial inoculation along with N fertilizer on Dalbergia sissoo seedlings 

Table 8: Effect of rhizobial inoculation on seedling growth and nodulation behaviour  

Site  Shoot length 

(cm) 
No. of leaves Leaf area 

(cm2) 
Collar 

diameter 

(mm) 

Shoot dry 

weight (g) 
Root length 

(cm) 
Root dry 

weight (g) 
Nodule 

number 
Nodule fresh 

weight(g) 
Nodule dry 

weight(g) 
Leagheamogl

obin content 

(mg g
-1 

nodule) 

Nitrogenase 

Activity (n 

moles C
2
H

2
 

reduced g
-1 

 

fresh weight 

h-
1

) 

T1 (Control)  22.43 10.23 22.23 1.21 1.23 11.21 0.56 0 0 0 0 0 

T2 (PGPR1)  37.78 11.73 25.34 1.68 1.32 23.76 1.29 17.03 1.87 0.18 6.3 14.63 

T3 (PGPR2)  36.86 11.24 24.12 1.45 1.27 21.53 1.19 16.42 1.61 0.112 5.3 12.43 

T4 (R1+R2)  43.15 15.84 26.87 2.18 1.35 30.23 1.34 21.11 2.43 0.134 8.4 21.76 

T5 (R1+20%N)  39.12 12.95 23.65 1.39 1.25 26.67 1.07 13.86 1.32 0.092 4.9 17.58 

T6 (R1+40%N)  44.72 16.34 27.54 2.32 1.43 32.43 1.61 21.27 2.53 0.177 8.6 22.46 

T7 (R1+60%N)  41.35 14.95 26.35 2.07 1.40 31.56 1.48 20.63 2.28 0.152 7.9 19.86 

T8 (R2+20%N)  38.82 12.26 24.89 1.56 1.31 25.17 1.22 15.65 1.83 0.128 4.7 15.56 

T9 (R2+40%N)  41.96 13.83 25.23 2.16 1.41 29.15 1.54 19.79 2.11 0.171 7.4 19.17 

T10 (R2+60%N)  40.54 13.15 24.54 1.97 1.37 28.67 1.42 18.12 1.99 0.150 6.9 18.88 

CD  2.65 1.75 1.84 0.17 NS 2.14 0.17 0.67 0.18 0.17 0.62 2.67 

 

 

 

T10 T9 T8 T7 T6 T1 T2 T3 T4 T5 



 

 

 

 

                      
 

                             Plate2: Effect of rhizobial inoculation along with N fertilizer on Acacia catechu seedling                   
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Annexure-HJRF-002 

  

Details of Work Done from 1st January to 30th June, 2018  

Socioeconomic profile of the sampled households  

Socio-economic parameters indicated socio-economic status of the selected households. (Table 1) Average family size has been worked out to be 

5.54 persons comprising of 39.90 per cent males, 37.06 per cent females and 23.04 per cent children on beneficiary farms at overall level whereas, 

in case of non-beneficiary farms, the average size of family on overall farms have found to be 5.44 persons, out of which 43.27 per cent males, 

41.22 per cent females and rest have children in the study area, thereby showing feasibility of making comparison between two sets of farms due 

to minimal variations in worked out indicators. The number of females per thousand of males has worked out to be 910 at overall level on 

beneficiary farms, whereas, it has worked out to be 921 on non-beneficiary farms. Nuclear type of families has been found to be more than 50 per 

cent on both beneficiary and non-beneficiary farms. 

The literacy rate has found to be 91.67 and 89.89 per cent in case of beneficiaries and non-beneficiaries. The literacy index has found to be 2.60 

for beneficiary and 2.69 for non-beneficiary farms at overall level. Agriculture has been found to be the main occupation as 72.29 per cent of 

workforce practice farming on beneficiary farms whereas 10.44 and 8.43 per cent workers’ population have been engaged in business and services 

respectively. Similarly, in non-beneficiary farms 73.95, 8.42 and 9.74 per cent workers’ population have been engaged in agriculture, business and 

services respectively.  

Overall dependency ratio has been found to be 1:2.74 and 1:3.45 on beneficiary and non-beneficiary farms respectively. Average number of farm 

workers were found to be higher in case of non-beneficiary farms as compared to the beneficiary farms, thereby leading to higher labour efficiency 

on beneficiary farms due to project interventions. The irrigated area has been found to 176.92 per cent higher on beneficiaries than non-

beneficiaries, as a result, beneficiaries have put more area under cultivation (0.56 ha) leading to increase in their cropping intensity by 39.55 per 

cent as compared to non-beneficiaries. 

Change in Land use pattern 

 The cultivated land and orchard area accounted for 41.62 and 1.65 per cent of total land holding in case of beneficiary farms and 33.80 and 0.13 

per cent for non-beneficiary farms at overall basis. Irrigated land has been found to be 28.00 and 10.63 per cent of total land holding in case of 

beneficiary and non-beneficiary farms, respectively. The total cultivated land under beneficiary farms has been found to be higher by 19.08 per 

cent as compared to non-beneficiaries, which has been due to about 17.33 per cent lesser area under ghasnis/pasture and having more irrigation 

facility through construction of check dams and water harvesting structures on the beneficiary farms. This significant increase in cultivated 

especially irrigated land has been found due to construction of village ponds, Makowal structures, Masonry dams, water harvesting structure and 



earthen run off dams. More so, land put to non-agricultural use has been found to be less by 49.33 per cent on beneficiaries as compared to non-

beneficiaries. (Table 2) 

Cropping pattern of food crops  

Cropping pattern in any region depends mainly on soil, altitude, micro-climate, availability of resources and management factors. From the table 

3 it has been depicted that there has been significant increase (49.09 %) in gross cropped area as compared to beneficiaries (1.06 ha) than non-

beneficiaries (0.71 ha). Change in area under major crops viz., wheat, tomato, capsicum, ginger, pea and garlic has been found to be 32.05, 49.48, 

64.96, 99.93, 110.88 and 54.94 per cent on beneficiary farms compared to non-beneficiary farms indicating effect of positive growth rate of water 

harvesting structure on beneficiary farms. The overall cropping intensity of beneficiary farms has been 196.51 per cent which has been significantly 

higher than the non-beneficiary farms i.e. 156.96 per cent, indicating a shift towards high-value cash crops and better use of land resources.  

Cropping pattern of fruits 

Beneficiaries have about 139.67 per cent higher area to be under fruits than non-beneficiaries. Apricot (30 %) and Plum (23 %) have found the 

major fruit crops grown by the beneficiaries. This has been due to different land development programme, irrigation facility, homestead horticulture 

and high yielding cultivars given by the project to beneficiaries.  

Cropping pattern of forest species 
The area under forest species have been found to be 0.05 ha in case of beneficiary and 0.07 ha in non-beneficiary farms. Celtis australis has been 

found to be main forest species covering 35.97 per cent of total forest area on beneficiary farms followed by Grewia optiva (25.17 %) and Morus 

alba (8.96 %).  

Livestock status  

Livestock rearing has been considered to be an integral part of farming system in hilly states. Overall adult cattle unit (ASU) has found to be 3.65 

on beneficiary farms and 2.86 on non-beneficiary farms. Per cent change in ASU has been found to be 27.42 on beneficiary farms as compared to 

non-beneficiary farms.  

Productivity issue 

Major crops like tomato, garlic, cauliflower, ginger, beans, capsicum, pea, maize and wheat have shown enhanced physical productivity i.e., 11.72, 

7.97, 7.26, 12.15, 10.28, 11.39, 13.19, 30.11 and 14.43 per cent, respectively, on beneficiary farms as compared to non-beneficiary farms. The 

changes in crop productivity levels have been found to be statistically significant at one per cent level of significance (p value <0.01) on 

beneficiaries as compared to non-beneficiaries. The respondents have observed these changes have been found due to creation of water resources, 

soil conservation structures, assistance for vermi composting, distribution of farm implements and high yielding crops. 

Incremental benefits  

Agriculture sector has contributed major share in total household income i.e. 64.35 per cent followed by off-farm (23.13 %) and livestock (10.16 

%) in beneficiaries. While, in case of non-beneficiary farms per cent share of agriculture in total household income has been found maximum 

(51.00 %) followed by non-farm activities (31.00 %), livestock (16.00 %), forestry (1.00 %) and horticulture (1.00 %) per cent at the overall level.  



Per cent change in the B/C ratio of beneficiaries as compared to non-beneficiaries for important crops viz. tomato, capsicum, ginger, pea, garlic 

and cauliflower has been found 11.03, 6.84, 5.32, 6.93, 0.84, 3.74 and 3.94 per cent, respectively. 

 

 

 

 

Table 1: Socio-economic parameters in the study area 

Sr. No. Particulars Unit Beneficiaries Non-Beneficiaries Per cent change 

1 Average size of family Number 5.54 5.44 1.84 

2 Sex ratio  910 921 -1.19 

3 Dependency ratio  1:2.74 1:3.45 -20.58 

4 Literacy rate Per cent 91.67 89.89  1.78 

5 Literacy index  2.69  2.60 3.46 

6 Average size of land holding Hac 1.29 1.34 -3.73 

7 Net cultivated area Hac 0.56 0.46 21.74 

8 Irrigated area Hac 0.36 0.14  176.92 

9 Un-irrigated area Hac 0.20 0.33 -39.39 

10 Cropping intensity Per cent 196.51 156.96 39.55 

 

Table 2: Land use pattern in the study area 

Particulars Beneficiaries Non-beneficiaries Per cent change 

Cultivated area 0.54 0.45 19.08 

  (41.62) (33.80)  

Irrigated 0.34 0.13 156.47 

  (26.44) (9.97)  

Un-irrigated 0.20 0.32 -38.40 

  (15.18) (23.83)  



Orchard Area 0.02 0.01 139.67 

  (1.65) (0.66)  

Irrigated 0.02 0.01  

  (1.56) (0.13)  

Un-irrigated 0.00 0.01  

  (0.08) (0.53)  

Forest land 0.05 0.07  

  (3.85) (4.89)  

Ghasnis/Pastures 0.56 0.68 -17.33 

  (43.29) (50.63)  

Fallow land 0.05 0.05  

  (4.21) (3.43)  

Barran land 0.05 0.05  

  (3.78) (3.53)  

Land put to non-agricultural use 0.02 0.04 -49.33 

  (1.61) (3.07)  

Total Area 1.29 1.34  

  (100.00) (100.00)  

Irrigated 0.36 0.14  

  (28.01) (10.10)  

Un-irrigated 0.93 1.20  

  (71.99) (89.90)  

Figure in parentheses indicate percentage to total 

 

 

Table 3 Cropping pattern of food crops        

Particulars Beneficiaries Non-beneficiaries Per cent Change (Hectare) 

Wheat 0.18 0.14 32.05 

  (17.37) (19.61)  

Maize 0.14 0.15 -9.94 

  (13.06) (21.61)  

Other 0.05 0.00  



  (5.02) (0.00)  

KharifVegetables 

Tomato 0.15 0.10 49.48 

  (14.23) (14.20)  

Capsicum 0.12 0.07 64.96 

  (10.96) (9.90)  

Ginger 0.04 0.02 99.93 

  (3.65) (2.72)  

Other 0.05 0.03 71.00 

  (4.39) (3.83)  

Rabi vegetables 

Pea 0.19 0.09 110.88 

  (17.90) (12.65)  

Garlic 0.11 0.07 54.94 

  (9.99) (9.61)  

Other 0.04 0.04  

  (3.44) (5.87)  

Gross cropped area 1.06 0.71 49.09 

  (100.00) (100.00)  

Figure under parentheses indicate percentage to gross cropped area 

 

 

 

 

 



 

 

 

 

 

Annexure-HJPF-003 

  

Details of Work Done from 1st January to 30th June, 2018  

Different land use practices has been identified in the area viz., Forests, Cultivable land, Grassland, Barren land, Miscllaneous (detailed analysis 

of agroforestry systems in it was done). On the basis of survey done in different sample villages, following vegetation type was evident: 

Major forest types in the region are – Pine (Pinus roxburghii) forest, Kail (Pinus wallichiana) forest, Ban (Quercus leucotrichophora), Deodar 

(Cedrus doedara) forest, Fir/ Spruce (Abies pindrow/ Picea smithiana) forest.  

General overview of undergrowth in different forest type was identified as:  

 

 In Chil forests - Lantana camara, Prinsepia utilis, Rubus ellipticus, Berberis spp., Woodfordia fructicosa, Zanthoxylum alatum, 

Plectranthes rugosus were found. 

 In Ban oak foresst - Berberis lycium, Prisepia utilis, rosa moschata, Indigofera spp., Hedera helix, Rubus ellipticus formed the major part 

of undergrowth. 

 In Deodar forests - major undergrowth consisted of Desmodium elegans, Viola odorata, Thymus serphyllum, Viburnum spp., Daphne 

cannabina species. 



 In Kail forests - Indigofera pulchella, Berberis lyceum, Fragaria spp., Viola and Geranium species forms major part of the undergrowth. 

 In Fir/ Spruce forests - Strobilanthes, Indigofera pulchella, Valeriana jatamansi, Rubus niveus, ferns and climbers constitute its 

undergrowth in general. 

 

 Different agroforestry systems identified in the region are - Agrisilviculture System (AS), Agrihorticulture System (AHS), 

Agrisilvihorticulture system (ASH), Silvipastoral (SP). The grasslands were dominated with natural grasses along with few shrubs. Grasslands are 

present all around the district with grasses like Panicum maximum, Chrysopogon montanus, Dactylis glomerata, Festuca rubra, Dichanthium 

annulatum etc. along with shrubs, legumes, sedges and forbs. 

The cultivable land possesses various multipurpose trees viz., Pyrus pashia (wild Pear), Celtis australis (Khirak), Punica granatum (Daru), 

Grewia optiva (Buel), Ficus spp. in the field boundaries whereas the barren land have scattered trees of Robinia spp. and Chir pine with no other 

prominent vegetation. 

 

Annexure-HJPF-004 

 Details of Work Done from 1st January to 30th June, 2018  

1. Concentration/purification of hydrolytic enzyme 

The multiple hydrolytic enzymes i.e. xylanase in the present study were concentrated by using  

 Ammonium sulphate saturation 

 Dialysis 

 Column chromatography 

After multiple purification steps i.e. ammonium salt precipitation, dialysis and gel chromatography,  maximum yield of xylanase enzyme obtained 

was 46.12 mg/ml (Table 1, Fig 1). 

Further saccharification work has been taken up mainly with rice straw biomass, keeping in view the recent serious concern of 

environment pollution caused by this agricultural residue. 



 

2. Physico-chemical pretreatment of biomass (Rice straw) 

Following physicochemical pretreatments were given to rice straw substrate  

 Microwave pretreatment 

 Sulfite pretreatment to overcome recalcitrant of lignocellulose (SPORL) 

 Ammonium fibre expansion (AFEX)  

 NaOH + Urea pretreatment 

 Phosphoric acid + autoclaving 

 Phosphoric acid + Urea 

 

Among the various pretreatment applied, the effect of microwave irradiation pretreatment (Physical pretreatment) on hydrolysis of rice straw along 

with selected enzymatic ratio of 3:1 (Cellulase :Xylanase). The highest amount of reducing sugars observed was 46.98 mg/ml of biomass at 

microwave irradiation dosage of 600 watt for 3 min after 48 h of enzymatic hydrolysis (3:1::cellulase:xylanase).The sugar yield after pretreated 

biomass when compared with untreated biomass, showed a significant increase from 7.73 mg/ml to 46.9 mg/ml after saccharification (Fig 2, Fig 

3). 

 

3. Optimization of process parameters for enhanced enzymatic hydrolysis of biomass 

The optimization of enzymatic hydrolysis of biomass (rice straw) was carried out for enzymatic ratio, temperature, pH, incubation period and 

biomass loading by one factor at a time approach (OFAT) approach (Fig 4-9). 

After optimization of different process parameters for enzymatic hydrolysis of biomass, highest reducing sugars observed was 56.70 mg/ml, 

at enzymatic ratio 3.50:1.50, 50˚C temperature, 5.5 pH, 72 h incubation period and 7.5% biomass loading. Finally, 633.50 percent increase was 

achieved in reducing sugars from untreated to pretreated rice straw biomass after optimization of different process parameters over untreated once 

and it was statistically significant.  
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 Fig 2. Physicochemical pretreatment of biomass 
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Fig 3.  Rice straw biomass (a) Untreated biomass (b)Pretreated biomass (c) Enzymatic saccharification of  biomass is under process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. 1 Effect of different enzymatic ratio 
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Fig 4. Effect of different enzymatic ratios on saccharification of microwave pretreated rice straw 

 
3.2 Effect of different temperature 
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Fig 5. Effect of different temperature on saccharification of microwave pretreated rice straw 

 

 

 

 

 

 

3.3 Effect of different pH 
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Fig 6. Effect of different pH on saccharification of microwave pretreated rice straw 

 

 

 

 

3.4 Effect of different time period 
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Fig 7. Effect of different time period on saccharification of microwave pretreated rice straw 

 

 

 

 

3.5 Effect of different biomass loading 
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Fig 8. Effect of different biomass loading on saccharification of microwave pretreated rice straw 
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Fig 9. Percentage increase in reducing sugars of pretreated rice straw after optimization of different process parameters during its hydrolysis 

 

 

Table 1: Purification of hydrolytic enzyme- xylanase produced by Bacillus sp.Kd1 

 

Steps Volume 

(ml) 

Xylanas

e 

activity 

(IU/ml) 

Protein 

concentrati

on 

(mg/ml) 

Specific 

activity 

(U/mg) 

Total 

activity 

(IU) 

Purific

ation 

fold 

Recovery 

% 

Crude culture 

supernatant 

250 28.15 1.87 21.39 7037 1.00 100 
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Different process parameters

% Increase in reducing
sugars



(NH4)2SO4 

precipitated 

15 33.65 1.02 43.60 504.75 2.03 49.26 

Dialysis 5 36.15 0.55 46.30 180.75 2.16 46.29 

Gel 

chromatography 

(G-75) 

1 46.12 0.17 60.54 46.12 2.83 35.33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
Annexure- HJRF-005 

 

   Details of Work Done from 1st January,2018 to 30th June,2018) 

 

The experiment was set up on four different land uses viz., forest land, grassland, agriculture and organic land. The laboratory incubation studies 

have been initiated and the observations are being recorded till June month for different properties are follows. 

1. In the forest land, during initial analysis EC and pH ranges from 0.052 to 0.121 and 5.62 to 7.01, respectively. In case of organic carbon 0.95 to 

1.56%, available nitrogen 153 to 172 kg ha-1.  Microbial count viz., actinomycetes, bacteria and fungi were in the range of 10 to 14 cfu g-1, 298 to 

332 cfu g-1 and 2.6 to 3.8 cfu g-1 respectively and microbial biomass carbon was reported in the range of 156 to 200 µg g-1. In ammonical and 

nitrate nitrogen reported range were 8 to 10 µg g-1 and 4 to 7 µg g-1. 

 

2. In case of grass land EC and pH were recorded in the range of 0.080 to 0.163 and 6.04 to 6.66, respectively. Further, In case of organic carbon 

reported range were 0.87 to 1.32%, available nitrogen 135 to 164 kg ha-1.  In ammonical and nitrate nitrogen reported range were 6 to 8.2 µg g-1 

and 3.3 to 7.9 µg g-1. Microbial count viz., actinomycetes, bacteria and fungi were in the range of 8 to 12 cfu g-1, 232 to 268 cfu g-1 and 2.2 to 3.9 

cfu g-1 respectively and microbial biomass carbon was reported in the range of 144 to 178 µg g-1. 

 

3. In the agriculture land EC and pH ranges from 0.308 to 0.640 and 5.64 to 6.81, respectively. In case of organic carbon 1.19 to 1.56 %, available 

nitrogen 182 to 219 kg ha-1.  In ammonical and nitrate nitrogen reported range were 6 to 10 µg g-1 and 3 to 6.5 µg g-1. Microbial count viz., 

actinomycetes, bacteria and fungi were in the range of 4.4 to 6 cfu g-1, 216 to 241 cfu g-1 and 1.5 to 3.1 cfu g-1 respectively and microbial biomass 

carbon was reported in the range of 107 to 118 µg g-1. 

 

4. In the organic land EC and pH ranges from 0.310 to 0.654 and 6.12 to 6.81, respectively. In case of organic carbon1.23 to 1.62 %, available 

nitrogen 167 to 208 kg ha-1.  In ammonical and nitrate nitrogen reported range were 7 to 11.2 µg g-1 and 3.4 to 6.8 µg g-1. Microbial count viz., 

actinomycetes, bacteria and fungi were in the range of 5.8 to 12.4 cfu g-1, 236 to 278 cfu g-1 and 2.5 to 4.2 cfu g-1 respectively and microbial 

biomass carbon was reported in the range of 153 to 184 µg g-1. 

 



Fire in the sampling areas were being successfully induced in the month of July and August. The basic samples have been collected from each 

site. But, due to heavy and seasonal rainfall pattern in the native area, the next fire will be induced in the October month of the current year 

2018. After this the annual rates of mineralization of C and N will be estimated.  

 

 

 

 

 

 

Annexure- HJRF-006 
 

Details of Work Done from 1st January,2018 to 30th June,2018) 

 

A. SURVEY AND QUANTIFICATION OF URBAN SOLID WASTE OF SOLAN TOWN 

 

A survey was conducted in Solan town to see present status of solid waste management. In Solan town waste is collected in bins at a central point 

in a locality from where it is transported to a common dumping ground. The bins are placed along the main road and their numbers in a locality is 

limited.  Moreover, the majority of bins are of low capacity and open, there by attracting flies, insects and stray animals. From uncovered bins the 

waste often spills out in the streets and is not disposed off proper (Plate 2 & 3). Door to Door household waste collection still not practiced in this 

town.  The lack of garbage bins induced the people to litter the town and throw the garbage here and there. In addition to this, difficult terrains of 

the hill town are making some areas inaccessible to waste collection vehicles and thereby aggravating the problems in its retrieval. The present 

situation is compelling the residents to throw their garbage in open dumping spaces near human settlements. The Solan town with residential 

population of 39256 generated 0.29 kg/capita/day of urban solid waste.  The annual urban solid waste generationrate of Solan town was 4161 

tonnes respectively (Table 1).  

Table 1:  Urban solid waste generation rate in different towns of HP 



S.No Town Sectors Numbers Quantity 

(kg) / day 

Kg/capita/d

ay 

Yearly 

 average  

(tonnes) 

1 Dharamshala  

Houses 

12000 1.1     0.25 4818 

2. Shimla 41000 1.5     0.33 22447.5 

3. Solan 9500 1.2     0.29 4161 

 

B. Estimation of Methane emission potential of Solan town 

The data presented in table 2 revealed that the total per capita methane (CH4) emission from urban solid waste of Solan town was 1700.5Gg 

which of CO2 equivalent 35710.5 per annum.  

 

Table 2:  Methane emissions from urban solid waste of different towns of HP 

 

S.NO Towns Sector CH4  (tons) CH4     (Gg) CO2 eq. 

1 Dharamshala  

 

Houses 

2556000 2556 53676 

2. Shimla 39196000 39196 823116 

3.  Solan 1700500 1700.5 35710.5 

 

C. Bio-recycling of Urban Solid Waste of Solan Town 

The urban solid waste of Solan town will be bio recycled through composting (Plate 6 & 7). The urban solid waste was collected from 5 

different localities of Solan town to compost the biodegradable fraction of the urban solid waste. Segregation of waste was done manually in the 

field and extraneous material was removed from the garbage (Plate 4&5). The composite sample of biodegradable waste was collected randomly 

from the heap. The sample was dried at 600C in an oven and will beanalyzed for pH, electrical conductivity, organic carbon and total NPK using 

standard procedures. 

Treatment details  

       The biodegradable USW was composted by imposing following treatment 

T1  - urban solid waste 

T2 - urban solid waste + cow dung 

T3 - urban solid waste + cow dung + earthworm (Eiseniafoetida) 

T4  -urban solid waste + cow dung +  microbial consortium  



T5  - urban solid waste + cow dung + agricultural waste + microbial consortium. 

 

Treatments -5 

Replications - 4 

 

 

 

         Plate 2: Littering of urban solid waste along the road in Solan town 

Paper/cardboard waste Food waste

Plastic waste

Weighing after segregation

Plate 1. Segregation of waste in to different components at generation

sources



 

Plate 3: Uncovered bins with low capacity 

 

 

Plate 5.  Segregation of waste before composting at departmental Research Farm 



 

Plate 6.Composting trial conducted in vermin-beds after segregation of waste at  

             departmental research farm  

 

 

 

 

 

 

 

Annexure-HJRF-007 

  

Details of Work Done from 1st January to 30th June, 2018 

Survey and sampling of air samples had been done in Mandi town and Baddi-Barotiwala-Nalagarh (BBN) region of Himachal Pradesh. 

 



The towns had been selected purposely on the basis of residential, commercial, industrial, traffic and tourist activities for the monitoring of the air 

pollutants. 

 

The data has been recorded for eight hours at each location of the selected town during post-monsoon (December-January) season by using 

Respirable dust sampler (Cat. No MBLRDS-002) and Environmental Perimeter Air Station (EPAS). 

 

Based on the present investigation it was found that that the concentrations of gaseous pollutants i.e. SO2, NO2 and volatile organic compounds in 

the air are within the National Ambient Air Quality Standards at all the sites in Mandi city as well as in BBN region.  However, in BBN region, 

the concentrations of particulates matter have been found higher at Industrial area (150.72 µg/m3) followed by traffic (136.03 µg/m3) and 

commercial area (135.96 µg/m3) than the prescribed limits. Thus, particulate pollutants have been observed to be the major pollutants in the present 

study area during the pre-monsoon season. 

 

 

Table 1: Concentration of air pollutants (µg/m3) at different locations in Mandi Town 

Locations Post  monsoon  

PM10 NO2 SO2 VOCs 

Residential area 52.22 8.28 2.14 2.32 

Commercial area 68.41 11.06 3.36 2.42 

MandiKulluNational Highway (Traffic site 1) 73.47 14.12 6.68 2.62 

Mandi –PathankotNational Highway(Traffic site II) 69.48 13.41 6.78 2.85 

ISBT Mandi(Traffic site III) 72.84 18.89 6.81 3.27 

Mean 67.28 13.15 5.15 2.69 

 

 

 

 

 

 

 



 

 

 

 

 

Table 2: Concentration of air pollutants (µg/m3) at different locations in Baddi Town 

Locations Post  monsoon  

PM10 NO2 SO2 VOCs 

Residential area 76.03 27.07 6.34 3.03 

Commercial area 163.26 39.08 7.47 5.18 

Industrial area 182.27 51.04 10.04 8.12 

Traffic area 168.30 43.47 10.67 7.23 

Mean 147.46 40.16 8.63 5.89 

 

Table 3: Concentration of air pollutants (µg/m3) at different locations in Nalagarh 

Locations Post  monsoon  

PM10 NO2 SO2 VOCs 

Residential area 70.67 21.56 4.63 2.36 

Commercial area 129.98 26.78 7.84 4.32 

Industrial area 141.09 33.68 6.67 6.41 

Traffic area 118.45 41.02 6.29 5.93 

Mean 115.04 30.76 6.35 4.75 

 

 

Table 4: Concentration of air pollutants (µg/m3) at different locations in Parwanoo 



Locations Post  monsoon  

PM10 NO2 SO2 VOCs 

Residential area 62.41 18.98 6.54 1.75 

Commercial area 114.64 25.65 7.39 2.34 

Industrial area 128.81 31.38 9.98 4.21 

Traffic area 121.35 28.43 7.79 2.03 

Mean 106.80 26.11 7.92 2.58 

 

 

 

 

 

 

 

Annexure-HJRF-008 

 

 

Details of Work Done from 1st January,2018 to 30th June,2018) 

 

1. Assessment of the environmental and social impacts of various ecotourism activities. 



The calculated carrying capacity for most of the sites is beyond the actual number of tourists that arrive in those sites. On an average the ecotourism 

sites in the mid-hills of Himachal Pradesh will surpass their carrying capacity limits in the next 14 years. Table 1, 2, 3 and 4 shows the carrying 

capacities of the various sites. Similarly figures 1, 2 and 3 shows the comparison in various carrying capacities of the sites.  

 

Table 1: Physical carrying capacity of the sites: 

 

Table 2: Correction factors and Real 

Carrying Capacity (RCC) for 

ecotourism  

sites 

Sites PCC 

(visits/day) 

Cf
1
 Cf

2
 Cf

3
 Cf

4
 RCC 

Pine Hills Eco Camp, 

Chewa 1945 0.937 0.981 0.901 0.4 669 

Park Woods, Aanji 863 0.937 0.981 0.901 0.4 296 

Sanawar Nature Camp, 

Sanawar 1619 0.937 0.981 0.901 0.4 556 

Limiting Factors:  Cf1 – Precipitation       Cf2 - Very Hot Days      Cf3 - Very Cold Days                Cf4 – Social Variable 

Table 3: Effective Carrying Capacity of ecotourism sites 

Sites RCC (visits/day) MC (%) Visiting periods/day ECC 

(Visitors/day) 

Pine Hills Eco Camp, 

 Chewa 669 75.09 2.4 209 

Park Woods,  

Aanji 296 83.84 1.71 143 

Sanawar Nature 

Camp,  

Sanawar 556 76.69 2 211 

Sites 
Area 

(m2) 

Visiting 

hours/day 

Time needed 

for visits 

Visiting periods 

per day 

PCC 

(visits/day) 

Pine Hills Eco Camp, 

Chewa 
8106.7 12 5 2.4 1945 

Park Woods, Aanji 5049.1 12 7 1.71 863 

Sanawar Nature Camp, 

Sanawar 
8096.1 12 6 2 1619 



 

 

Table 4: Comparison between Physical, Real, Effective Carrying Capacity and the actual number of visits 

 

                                            

 

                         

Sites 
PCC 

(Visitors/day) 

RCC 

(Visitors/day) 

ECC 

(Visitors/day) 

Actual  visitors per 

day (Peak Season) 

Pine Hills Eco Camp, 

Chewa 
1945 669 209 40 

Park Woods, Aanji 863 296 143 80 

Sanawar Nature 

Camp, Sanawar 
1619 556 211 50 

Fig. 1: Comparison between Physical, Real, Effective Carrying 

Capacity and the actual number of visits for Chewa. 



 

 

                          

 

     By taking the tourist inflow data last 20 years a trend influx graph was also made (fig. 4) that clearly indicates that tourist inflow is increasing 

in Himachal Pradesh. This also indicates that Himachal has a great scope for ecotourism which needs to be extracted. The rate of growth 

calculated was 8.9 % and table 5 indicates the number of years left for exhaustion of the effective carrying capacity of the various sites.  

Fig. 2: Comparison between Physical, Real, Effective Carrying Capacity 

and the actual number of visits for Aanji. 

Fig. 3: Comparison between Physical, Real, Effective Carrying Capacity and the 

actual number of visits for Motikuna Sanawar. 



 

Fig. 4: Trend influx of tourists from 1997-2017 in the mid hill region of Himachal Pradesh 

 

Table 5: Estimated time span for exhaustion of carrying capacity for the eco-tourism sites 

Eco-tourism  

site 

Exhaustion of the carrying 

capacity (years) 

Year 

Pine Hills Eco Camp, Chewa 19.4 2037 

Park Woods, Aanji 6.8 2024 

Sanawar Nature Camp, 

Sanawar 

16.8 2034 

 

The effective carrying capacity i.e. the number of person management site has the ability to provide service for the tourists, was 

underestimated compared to the real carrying capacity. Also the visual observation performed in the area and according to the study on available 

facilities, it was perceived that there were service facilities and infrastructures as well as suitable manpower for management and providing tourism 

services. Therefore, the study indicated that the ecotourism activities in mid hills were still within the carrying capacity limit. 

 

 

 

2. To evaluate and assess the existing ecotourism sites for sustainability. 

In terms of sustainability, Pine Hills Eco-camp, Chewa is found to be the most sustainable. Table 6 shows the value taken by various sustainability 

indicators at different eco-tourism sites. Figures 5a, 5b and %c shows the Radar Chart depicting the values taken by various impacts indicators for 

different ecotourism sites. 

 

Table 6:  Values taken by various impacts indicators at different the eco-tourism sites 

Growth Rate= 8.9% 



Sites Energy 

Consumption/ 

Demand 

Water Waste Community 

Involvement 

Jobs to 

Community 

Ecological 

Footprint 

Pine Hills Eco Camp, 

Chewa 
3 3 2 2 1 1 

Park Woods, Aanji 3 5 3 5 1 4 

Sanawar Nature Camp, 

Sanawar 
1 2 5 5 1 1 

 

      
                         A   B   C   

 Figure 5 Chart showing the value taken by the impacts indicators for a) Sanawar Nature Camp, b) Parks wood Anji c) Sanawar Nature camp; 

  

   However, water at each site was a scarce resource which was being arranged from other sources. Therefore, in order to augment the availability 

of water at the site, recycling and proper valuation of available water is required. Hence, it is requisite to enhance the sustainability of sites by 

opting for the natural resources like solar power for meeting the requirement of energy, rain water harvesting along with percolation tanks for 

enhancing water availability at the site and ground water recharge for future usage. Few sites had some constraints in terms of accessibility, 

infrastructure and quality of local service which also needed to be taken care of. 

         

 Figure6: Glimpse of Ecotourism sites in Himachal Pradesh 

 



 

 

  



Annexure H-JRF-009 
1.  PGP potential of fungal and bacterial isolates  

 

(A) Lytic Enzyme production by potential fungal isolates- In total, 18 fungal isolates obtained from the rhizospheric soil samples of 

Ratanjot collected from selected sites were screened out for their lytic enzymes production. All the isolates showed negative results for lipase and 

tannase activity. Out of 18, five isolates were found to be positive for protease and cellulase activities having halo zone size varied from 4 to 9 mm 

in diameter for protease and 6 to 21 mm for cellulase activity. Among all isolates, only nine showed pectinase activities in the range of 6 to 36 mm 

in diameter (Fig. 1). Out of 18, only four fugal isolates were found to be potent for lytic enzymes production (Table 1). 

Table 1. Lytic enzymes production by potential fungal isolates 

 Halo zone size (mm) 

Isolates Pectinase Lipase Cellulase Chitinase Tannase 

NF5 21 0 16 0 0 

CF7 35 0 21 0 0 

CF9 36 0 0 0 0 

      GF11 26 0 31 0 0 

 

 

   

 

 

 

 

 

 

 

 

 

 

(B) Lytic Enzyme production by potential bacterial isolates- A total of 53 bacterial isolates were screened for their lytic enzymes production 

qualitatively (Fig 1). Out of 53 isolates, 24 were found to be positive for protease activities, out of which, only 13 isolates showed halo zone size 

of  ≥15 mm  (table 2). Among all isolates, sixteen isolates were found to be positive for pectinase activitiy, out of which, 6 isolates showed halo 

zone size of ≥13 mm  (table 3). Out of total 53 isolates, only twelve isolates were found to be positive for amylase activity, out of which,  5 isolates 

(a) (b) 

(c) 

(d) 

Fig. 1. Lytic enzymes production (a) Pectinase (b) Cellulase and (c) Protease 

 

(c) 



showed halo zone size of ≥10 mm (table 4). Among all isolates, thrirteen isolates were found to be positive for cellulase activity, out of which, 6 

isolates showed halo zone size of ≥10 mm (table 5). Similarly, thirty one isolates found to be positive for lipase activity, out of which, 9 isolates 

showed halo zone size of  ≥10 mm  (table 6). 

 

 

 

 

 

 

Table 2. Screening of potential bacterial isolates for  protease activity 
S. No. Isolate  Zone Diameter (mm) Colony Diameter (mm) Halo zone (mm) 

1. GR4 40 17 23 

2. GR6 35 17 18 

3. GR3 30 8 22 

4. NR9 20 4 16 

5. NR10 34 10 20 

6. K1 35 11 24 

7. K2 24 7 17 

8. K4 32 10 22 

9. K5 31 5 26 

10 K7 44 13 31 

11. K8 25 5 20 

12. CR5 40 19 21 

13. CR8 36 20 16 

 

Table 3. Screening of potential bacterial isolates for  pectinase activity 

S. No. Isolate  Zone diameter (mm) Colony diameter 

(mm) 

Halo zone 

(mm) 

1. GR4 35 21 14 

3. NR9 21 8 13 

4. NR10 30 15 15 



5. NR8 22 9 13 

6. K7 25 8 17 

 

Table 4. Screening of potential bacterial isolates for amylase activity 

S. No. Isolate Zone diameter (mm) Colony diameter 

(mm) 

Halo zone 

(mm) 

1. GR4 29 8 21 

2. NR9 18 5 13 

3. NR10 20 8 12 

4. K7 21 11 10 

5. K1 20 10 10 

 

Table 5. Screening of potential bacterial isolates for cellulase activity 

S. No. Isolate  Zone diameter (mm) Colony diameter 

(mm) 

Halo zone 

(mm) 

1. GR4 31 4 27 

2. NR9 24 5 19 

3. NR10 27 6 21 

4. K7 26 6 20 

5. CR5 17 7 10 

6. CR8 20 7 13 

 

  



Table 6. Screening of potential bacterial isolates for Lipase activity 

S. No. Isolate  Zone diameter (mm) Colony diameter 

(mm) 

Halo zone 

(mm) 

1. GR4 34 20 14 

2. GR6 34 22 12 

3. NR9 20 4 16 

4. NR10 25 12 13 

5. K1 34 13 21 

6. K4 25 13 12 

7. CR5 30 20 10 

8. CR8 27 15 12 

9. K7 37 11 26 

 

2. Identification and characterization of potential fungal isolates 
 (A) Molecular Characterization- Four efficient fungal isolates were molecularly characterized on the basis of ITS region gene sequencing. Their 

sequences were submitted to the GenBank USA and were assigned with GenBank accession numbers (Table 7).   

 

Table 7. Molecular Characterization of potential fungal isolates 
Isolates  Identified as   Closest homology with  Sequence 

length (bp)  
Identity  

(%)  
GenBank 

Accession no.  

NF5  Mortierella alpina  Mortierella alpina QL-11  539  100  MH150878  

CF7  Mortierella alpina  Mortierella alpina QL-11  612  100  MH150879  

CF9  Penicillium 

chalabudae  
Penicillium chalabudae 

CBS219.66  
489  99  MH150880  

GF11  Chaetomium 

iranianum  
Chaetomium iranianum 

IRAN861C  
542  99  MH150881  

 

(B) Phylogenetic analysis- The phylogenetic tree based on ITS region gene sequencing of rhizospheric fungi showed three clearly distinguished 

groups affiliated to three different genera. First group includes only one strain belonging to genus Chaetomium iranianum while, second group 

include one strain representing the genus Penicillium chalabudae. The third group in the tree include two strains belonging to the genus Mortierella 

alpina (Fig. 2). 



 
Fig 2. Phylogenetic tree showing evolutionary relationship of potential PGP fungi isolated from rhizosphere of Arnebia euchroma and its 

related taxa constructed using MEGA 7.0 software by neighbour-joining method.  

 

 

 

 

 

 

 

 

  

 Chaetomium iranianum IRAN 861C (NR 145148) 

 Corynascella inaequalis CBS 331.75 (NR 145191) 
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Annexure- HJRF-010 
 

 Details of Work Done from 1st January,2018 to 30th June,2018) 

    

 Chemical profiling of Picrorhiza kurroa grown at different sites 

  I) Picroside –I (%):  

   a) Rhizome 
      On the basis of average of three locations, maximum Picroside-I content (2.674%) in rhizome was obtained in samples collected from Jagatsukh 

site which was statistically highest. The minimum Picroside-I content (2.301%) in rhizome was recorded in samples collected from Kannaid site 

which was statistically significant. On the basis of interaction effect between locations x seasons, maximum Picroside-I content of 2.786% in 

rhizome was recorded in samples collected during September season from Jagatsukh site which was statistically highest among all the others 

studied sites. While, the minimum Picroside-I content of 2.267% was recorded in samples collected during April season from Kannaid site which 

was statistically significant. 

       Overall, on the basis of two seasons, September season was observed to be better (average Picroside content 2.615% as compared to April  
season (average Picroside content 2.397% ) Table 1.  

b)  Roots 

      On the basis of average of three locations, maximum Picroside-I content (0.630%) in root was obtained in samples collected from Jagatsukh 

site which was statistically at par with 0.584% content in samples collected from Kothi site. While, the minimum Picroside-I content (0.545%) in 

roots was recorded in samples collected from Kannaid site which was statistically at par with 0.584% content in samples collected from Kothi site. 

On the basis of interaction effect between locations x seasons, maximum Picroside-I content of 0.850 % in roots was recorded in samples collected 

during April season from Kothi site which was statistically highest among all the others studied sites. While, the minimum Picroside-I content of 

0.317 % was also recorded in samples collected during September season from Kothi site which was statistically significant. 

    Overall, on the basis of two seasons, April season was observed to be better (average Picroside content 0.675% as compared to September 

season (average Picroside content 0.498%) Table 2. 

c)  Leaves 
    On the basis of average of three locations, maximum Picroside-I content (6.517%) in leaves was obtained in samples collected from Kannaid 

site which was statistically highest. The minimum Picroside-I content (4.548%) in leaves was recorded in samples collected from Jagatsukh site 

which was statistically significant. On the basis of interaction effect between locations x seasons, maximum Picroside-I content of 10.815% in 

leaves was recorded in samples collected during April season from Kannaid site which was statistically highest among all the others studied sites. 

While the minimum Picroside-I content of 1.622% was recorded in samples collected during September season from Jagatsukh site which was 

statistically significant. 



    Overall, on the basis of two seasons, April season was observed to be better (average Picroside content 9.622% as compared to September  
season (average Picroside content 1.875% ) Table 3. 

 

 

 2) Picroside content-II (%): 

      a) Rhizome 

      On the basis of average of three locations, maximum Picroside-I content of 10.555% in rhizome was obtained in samples collected from 

Kannaid site which was statistically highest. However, the minimum Picroside-I content (6.310%) in rhizome was recorded in samples collected 

from Kothi site which was statistically significant. On the basis of interaction effect between locations x seasons, maximum Picroside-I content of 

10.563% in rhizome was recorded in samples collected during September season from Kannaid  site which was statistically at par with 10.546% 

in samples collected during April season from Kannaid site. However, the minimum Picroside-I content of 5.340% was recorded in samples 

collected during April season from Kothi site which was statistically significant. 

    Overall, on the basis of two seasons, September season was observed to be better (average Picroside content 8.911% as compared to April  
season (average Picroside content 7.357% ) Table 4. 

   b)  Roots 

       On the basis of average of three locations, maximum Picroside-I content (9.376%) in root was obtained in samples collected from Kannaid 

site which was statistically highest. While, the minimum Picroside-I content (5.124%) in roots was recorded in samples collected from Kothi site 

which was statistically significant. On the basis of interaction effect between locations x seasons, maximum Picroside-I content of 10.737 % in 

roots was recorded in samples collected during April season from Kannaid site which was statistically highest among all the others studied sites. 

While, the minimum Picroside-I content of 4.149 % was recorded in samples collected during September season from Jagatsukh site which was 

statistically significant. 

    Overall, on the basis of two seasons, April season was observed to be better (average Picroside content 8.379 % as compared to September 

season (average Picroside content 6.251% ) Table 5. 

  c) Leaves 

      On the basis of average of three locations, maximum Picroside-I content (0.467%) in leaves was obtained in samples collected from Kannaid 

site which was statistically highest. The minimum Picroside-I content (0.349%) in leaves was recorded in samples collected from Kothi site which 

was statistically significant. On the basis of interaction effect between locations x seasons, maximum Picroside-I content of 0.675% in leaves was 

recorded in samples collected during April season from Kannaid site which was statistically highest among all the others studied sites. While, the 

minimum Picroside-I content of 0.259% was recorded in samples collected during September season from same site (Kannaid) which was 

statistically significant. 

   Overall, on the basis of two seasons, April season was observed to be better (average Picroside content 0.455% as compared to September season 

(average Picroside content 0.351% ) Table 6. 

 



 

 

 

 

 

 

 

 

 

 

Table 1:  Effect of different seasons and locations on Picroside-I content (%) in  

                rhizomes of Picrorhiza kurroa 

 

                          Seasons 

        

Locations 

April September  Mean  

Jagatsukh  2.563(1.887) 2.786(1.946) 2.674(1.916) 

Kothi 2.363(1.834) 2.724(1.930) 2.544(1.882) 

Kannaid 2.267(1.807) 2.335(1.826) 2.301(1.817) 

Mean  2.397(1.843) 2.615(1.900)  

* Values in the parentheses are square root transformed values 

 

Factors C.D. SE(d) SE(m) 

Locations 0.028 0.013 0.010 

Seasons 0.023 0.011 0.008 

Locations X Seasons 0.039 0.019 0.013 

 

Table 2:  Effect of different seasons and locations on Picroside-I content (%) in roots of  

               Picrorhiza kurroa 

                          Seasons 

   Locations 

 

April September Mean 



Jagatsukh  0.709(1.307) 0.552(1.246) 0.630(1.276) 

Kothi 0.850(1.360) 0.317(1.147) 0.584(1.254) 

Kannaid 0.464(1.210) 0.626(1.275) 0.545(1.242) 

Mean  0.675(1.293) 0.498(1.223)  

* Values in the parentheses are square root transformed values 

 

Factors C.D. SE(d) SE(m) 

Locations  0.007 0.003 0.002 

Seasons 0.006 0.003 0.002 

Locations X Seasons  0.010 0.005 0.003 

 

Table 3:  Effect of different seasons and locations on Picroside-I content (%) in leaves of  

                Picrorhiza kurroa 

                         Seasons 

  Locations 

 

April September  Mean  

Jagatsukh  7.475 (2.911) 1.622(1.619) 4.548(2.265) 

Kothi 10.575(3.402) 1.786(1.668) 6.180(2.535) 

Kannaid 10.815 (3.432) 2.219(1.794) 6.517(2.613) 

Mean  9.622(3.249) 1.875(1.694)  

Factors C.D. SE(d) SE(m) 

Locations  0.074 0.036 0.026 

Seasons 0.060 0.029 0.021 

Locations X Seasons  0.105 0.051 0.036 

* Values in the parentheses are square root transformed values 

Table 4:  Effect of different seasons and locations on Picroside-II content (%) in   

                 rhizomes of Picrorhiza kurroa 

 

                               Seasons 

    Locations 

 

April September  Mean  

Jagatsukh  6.184(2.677) 8.888(3.144) 7.536(2.911) 



Kothi 5.340(2.518) 7.280(2.877) 6.310(2.698) 

Kannaid 10.546(3.398) 10.563(3.400) 10.555(3.399) 

Mean  7.357(2.864) 8.911(3.141)  

* Values in the parentheses are square root transformed values 

 

Factors C.D. SE(d) SE(m) 

Locations  0.052 0.025 0.018 

Seasons 0.043 0.021 0.015 

Locations X Seasons  0.074 0.036 0.025 

 

Table 5:  Effect of different seasons and locations on Picroside-II content (%) in roots of   

                Picrorhiza kurroa 

                     Seasons 

 Locations 

 

April September  Mean  

Jagatsukh 6.100(2.664) 4.149(2.269) 5.124(2.467) 

Kothi 8.301(3.050) 6.588(2.755) 7.445(2.902) 

Kannaid 10.737(3.426) 8.015(3.002) 9.376(3.214) 

Mean 8.379(3.047) 6.251(2.675)  

* Values in the parentheses are square root transformed values 

 

Factors C.D. SE(d) SE(m) 

Locations  0.027 0.013 0.009 

Seasons 0.022 0.011 0.008 

Locations X Seasons  0.038 0.018 0.013 

 

Table 6:  Effect of different seasons and locations on Picroside-II content (%) in leaves  

                of Picrorhiza kurroa 

                             Seasons 

 Locations 
April September  Mean  

Jagatsukh  0.342(1.158) 0.442(1.201) 0.392(1.179) 



Kothi 0.347(1.161) 0.351(1.162) 0.349(1.161) 

Kannaid 0.675(1.294) 0.259(1.122) 0.467(1.208) 

Mean  0.455(1.204) 0.351(1.162)  

* Values in the parentheses are square root transformed values 

 

Factors C.D. SE(d) SE(m) 

Locations  0.015 0.007 0.005 

Seasons 0.012 0.006 0.004 

Locations X Seasons  0.021 0.010 0.007 

 

 

 

 


