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

genetic resource
of rare, endemic|
threatened and
globally
significant flora
& fauna
including
biodiversity (on
farm and off
farm
conservation).

& floral biology studies of
Podophyllum hexandrur
underex-situ conditions.

Studied seed germinatic
parameters and  seedli
performance of Swertia
species.

For exsitu conservation

Podophyllum hexandrun800
plants), Aconitum
heterophyllum (550 plants),
Angelica glauca3500 pants),
Swertia chirayita & other
Swertia species 2600 plants
havebeen raised from seeds.
(The details attached
Annexure- HRA-002).

RA | Research Achievements Addressed Location of Field Site
No. | Objectives Deliverables | with Detalils, if any
1. | Todevelop The energy consumption Database on | Three developmenta
strategies for pattern of rural households ( renewable blocks in four districts
adoption of High Hills wet temperate energy sourceq were selectedo study
renewable zone was studied. the impacts of fue
energy Energy analysis of building burning on indoor ai
technologies for| of Department of quality. The selecte
energy Environmental Science Developmental  blocl
conservation an¢ done. were:
security The impact of traditional fue Basantpur, Theog 4
use in households dndoor Mashobra in  Shimla
Air Quality and cook stove district;
testing in rural households Kullu, Nagar &Banjar
studied. in Kullu district;
(The details attached as Hamirpur, Bhoranj &
Annexure- HRA-001). Nadaun in  Hamirpur
district;
Pooh,Kalpa& Nicchar
in Kinnaurdistrict
2 Conservation of | Conducted reproductive fithey Conservation | Medicinal and

of
endemic/threat
ened/significan
t species
augmented
through exsitu
mechanisms.

Conservation
frameworks
developed for
Podophyllum
hexandrum &
Angelica
glauca

Aromatic Farm at
Shilly (Distt Solan
Altitude: 1550m
Latitude :N 36 54' 30"
Longitude E 77 07'
30"




Environmental
Impact
Assessment
(EIA) of

Industrial
activities
urbanization
Himachal
Pradesh.

and
in

1. Analysis of river wate
samplesfor physicachemical
and biological parameted®one
2. Studied heavy metal
pollution in Sirsa rivet

3. The examination ahe major
water quality parametet
defining ground water quality
of Dharamshala town in Kang
district of Himachal Prades
was done.

(The details attached

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 if
Kangra district
Himachal Pradesh




A)

Annexure- HRA-001

Details of Work Done from 15t January,2018 to 3@ June,2018)

Study on the eaergy 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 sourcevéallby LPG,
electricity agricultural waste, dung cakes and kerosene oil with respeatues 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. Mostlgllithe 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%) idigh 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 dsenportance 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

) ) Type of energy source used
Agroclimatic Agricultural | Dun Keroseneg
zone Fuelwood| 9 9 . LPG | Electricity

waste cakes oil

Sub mountair
Low Hill Sub 123 104 84 65 128 38
Tropical (91.11) (77.03) (62.22) | (48.15) | (94.81) (28.15)
Mid Hill Sub 125 72 58 19 135 67
Humid (92.50) (53.31) (48.42) | (14.07) | (100.00)| (49.63)
C'V'g{‘ Hill ) 108 98 36 30 135 55
Temperate (94.81) (72.59) (26.67) | (22.22) | (100.00)| (40.74)
High Hill Dry 135 76 31 28 124 96
Temperate (100.00) (56.30) (22.96) | (20.74) | (95.85) (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

No. of LPG Days to get | Distance from

o . LPG used

Agroclimatic zone cylinders used new home to get new ;
) ) rom years
per year cylinder cylinder (meters)

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 agimatic zones of HP

Agroclimatic Fuelwood used per day (Kgg Use of Fuelwood Collection of Fuelwood Fuelwood collected from
zone . d . . Water Animal House | Rounds/ Time Distance .
Winters | Summerg Rainy Cooking heating feed | warming| month | (mins)round| (Kms) Forest| Own Field Both
Sub mountai
Low Hill Sub 132 124 108 77 63 73 31
Tropical 2945 | 437 | LS\ 977g) | (91.85) | (69.29) | (57.03) | O3 42.37 167 | 4e67)| (54.07) | (22.96)
Mid Hill Sub
: 130 116 68 48 11.33 118 63
Humid 39.53 | 1177 | 2553 | (9630) | (85.92) | (50.37) | (35.50) | &2 38.90 090 | o518)| (87.41) | (46.67)
High Hill Wet
135 82 53 135 70 113 49
Temperate 4767 | 1780 1 3390 1 100.00) | (60.74) | (39.26) | (100.00)| 192 57.21 210 1 5185 (83.70) | (36.29)
High Hill Dry 135 132 112 135 86 104 93
Temperate | °+68 | 13211 37431 15000) | (97.78) | (82.96) | (100.00)| > 45.32 245 | 63.70)| (77.03) | (68.89)

* value in the parenthesis is percentage

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

Household cooking devices Electrical appliances
Agroclimatic zone | Traditional | - Improved Gas stove Pressure Induction| Fan Radio | TV | Refigerators| Iron Grinder
cookstove | cookstove cooker

Sub mountain Low 86 63 133 135 41 3.7 48 1 1 1 105
Hill Sub Tropical (63.70) (46.67) (98.52) (100.00) (30.37) ' (35.56) (77.78)
Mid Hill Sub Humid 69 79 120 135 85 33 24 1 1 1 113

(51.10) (58.52) (88.89) (100.00) (62.97) ' (17.78) (83.70)
High Hill Wet 35 135 135 53 21 116
Temperate 25.92) | 13@370) 10000y | (10000) | Go26) | 1 | (1556) | ! 1 1 (85.92)
High  Hill  Dry 11 135 135 135 43 1 32 1 0 1 129
Temperate (8.15) (100.00) (100.00) (100.00) (31.85) (23.70) (95.56)

Values inparenthesis is percentagee percentage




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

The energy analysis afepartmental building Phase 1l 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
9C) while south facing part had the highest temperature of ®5.®uring the summers the
temperature of the north facing side of the building went highest26&°C while at the south

face the temperature w&¥.2 °C. 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 dliedly 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 he 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 PC) of south andnorth face of departmental building.

Seasons Winters Summers
North Facing South Facing North South Facing
Interval Facing
Week 1 154 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 wa®ctt 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 15t January,2018 to 3@ June,2018)

A) Studies on foral biology & morphological parametersin Podophyllum hexandrum

under ex-situ conditions.

The floralbiology & morphologicaparametersverestudiedin Podophyllum hexandruiat
Medicinal and Aromati®esearchrarm Shilly, Solan (Altitude:550mLatitude :N 36 54'
30"; Longitude E 77 07' 30"). Thalata ispresentedn Table no1 & 2 and Plate 1.

Table 1: Quantitative morphological parametersof Podophyllum hexandrum.

No. of stamens

Parameter Dimension/ number
Plant height 25.23 £1.25cm
Collar diameter 7.65 +£0.47 mm
Root
Length 20.45 + 0.57cm
Diameter 2.67 £0.12mm
Number/plant 83.23+4.23
Rhizome
Length 5.89 + 0.57cm
Diameter 9.75 + 0.53mm
Leaves
Number of leaves/ plant 11 4
Lengthof leaf 13.8 + 0.97cm
No. of flowers per plant 1
Calyx
6
Number of Sepals 1.50 £ 0.08 cm
Length 1.26 £ 0.07 cm
Diameter
Corolla
Numberof petals 6
Length 2.23+0.05¢cm
Diameter 1.85 + 0.04cm
Androecium

6 (5,7 and 8 anther variant also observ,
3.59 £0.14 mm

Filament length 7.29£0.15 mm
Anther lobe length 2.53 +£0.07 mm
Anther lobe diameter

Gynoecium
No. of carpels 1
Ovary size

Length 7.88 £ 0.21 mm

Diameter 4,91 + 0.16 mm




Style length 1.60 £ 0.08 mm
Stigma width 4.02 + 0.10mm
Fruit
Length 7.05+0.20 cm
Diameter 33.87 £ 1.56 mm
Fruit weight 32.97+£2.26 g
Seed
Length 5.06 £ 0.10mm
Width 3.50 £ 0.06 mm
100 seed weight 4.49 +0.09 g
Table 2: Floral biology of Podophyllum hexandrum
Characters Description
Flowering type Bisexual, completehypogynous
Flower colour White or pink
Anther dehiscence pattern Through longitudinal sliten 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 weralso 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)
Pollinationvectors Flies and Aits
Seed viability% 91.78%
Mode of reproduction Rhizome cuttings and seeds

2 i) Anther dehiscence Anther dehiscence stad 1215 daysafter appearance of floral bud
above ground@nd continued for-B days (Plate 2aDuring anther dehiscence, anthebes had
achievedull length. Anther dehiscence occurred through longitudinal siitsn asynchronous
manner.

2 i) Stigma receptivity. Stigma was found to be receptive when half of the anthers in a flower
had completedehiscence with rest still at the various stage of dehis¢étate D & 2c).

2 1ii) Pollen morphology andviability .

Pollen morphology andability/stainabilitywere recorded iPodophyllum hexandruend
the results revealed thpbllen grains areeleased in groups of four (tetradstrad size ranged
from 0.053mm to 0.069mm in length an®@@9mm to 0.064mm in breadtBome pollen grains
in a tetrad were stainable or in somse=aall of these were unstainaB@eerall pdlen viahility
ranged from 834% to 100% (averag®6.78% +1.100). Pollen grains were observed lve
tricolpate, spherical and their size ranged from 0.036mm to 0.04@werage 0.037).



2 iv) Pollen toovule ratio

Average numbeof pollen per flowerwas observed to b&94126.04+ 17234.46 whereas
number ofovule/flower ranged between 455 (average 102.67+%®p The pollen and ovule
ratio counted as 2864.77.

2v) Type of dichogamy

The flowers ofPodophyllum hexandrushowed protoandrous behaviairanthesis 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 ofPodophyllum hexandrurwere visited by ants and flies. It bears large

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

BDi urmmoavie ment of f 1l or al parts
A very peculiar mechanism of diRodaphynlolvem:

h e x a n(dIP aBBuring evening, petals closed and the anthers also moved closer to stigma.
Next morning thesamepetals opened up and the anthers moved apart from stigma. Petal closing
and opening continued till ovary fertilizatioR.h cyslic 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 enhared reproductive fithess

C) Studies on seed germination parameters and seedling performanceSwertia

species.

Seeds oBwertia alata, Swertia cordata, Swertia angustifallSwertiapurpurascensvere
sown in nurseryand ecorded growtlparametergTable3). The germination studies were also
conductedn Swertia chirayitaSwertia alata, Swertia cordata, Swertia angustifali@Swertia
purpurascensinder laboratory conditions. The results reveahedjermination percentage was
observed to be maximum (75%) 8wertia cordatawhile minimum (21.667%) irSwertia
angustifolia.Peak germination value was maximum (0.363pwertia cordataand minimum
(0.073) inSwertia alataGermination duration ranged froBi.667 dayswertia alata to 36.33
days inSwertia chirayita(Table 4)



Table 3: Growth performance of seedling of differentSwertia sppunder ex-situ

conditions.
Parameters Plant Root No of veins | Leaf length Leaf
height length (cm) breadth
(cm) (cm) (cm)
Swertia alata 8.500 8.733 3or5 3.667 1.967
Swertia angustifolia | 7.333 15.167 lor 2 2.500 0.833
Swertia purpurasceny 9.067 14.733 3or5 3.933 1.167
Swertia cordata 9.833 10.067 3or5 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 afiifferent Swertia spp
Parameters Germination Peak germination Germination
% value 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 purpurasceny 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

Anther

Five anthered flower Ssevenanthered flower  Eight anthered flower

Plate 1: Morphological features ofPodophyllum hexandrum.
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indion on stigma d) Sigma receptivity stage

Plate 2: Anther dehiscence a) and stigma receptivity & c) stages inPodophyllum
hexandrum.

Floral movement

Opened flower
during morning

Same flowers
closing in the
evening

VvV  During evening, petals closed and the
anthersalsomovedcloserto stigma

V  Next morning the petals openedup and
theanthergnovedapartfrom stigma

V  Petal closing and opening continuedtill

Anthersiaway ovaryfertilization.
from.stigma

Plate 3 Diurnal movement of flower in Podophyllum hexandrum.



farm.




Plate 5 Ex-situ conservation of a)Podophyllum hexandrunb) Angelica glaucac)
Aconitum hetrephyllumand c)Swertia sppat Shilly Farm Solan.



