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From the Editor’s desk
Sustainable agricultural systems depend on agroecological processes that promaote soil fertiity and
pest resistance through biologically acquired inputs, and social processes that generate knowledge
and incentives for producing a variety of foods and fibers within locally affordsble means.
Agroforestry practice, the cultivation of trees or other woody plants with crops or pasture for
multiple benefits, can contribute substantially to advancing a sustainable agriculture through its
influence on ecological and social processes. Io realize this potential a better understanding is
\ needed of how agroforestry practice affects soil water, plant animal and atmospheric relations, and
the roles of management in bringing about desirable outcomes. This volume is designed to help meet
the challenge and to demonstrate how perspectives of key scientists and varigus works in progress are shaping the field of
agroforestry,

Agroforestry is a dynamic, ecologically- based, natural resource management system that through the integration of trees on
farms and in the agricultural landscape, diversifies and sustains production and contributes to more resilent rural livelifoads.
Jrawing on the most recent science and case studies, especially from the wark of the Warld Agroforestry Lentre (ILRAF) and its
partners, this chapter explores the contributions of agroforestry to the management of agricultural landscapes and the
strengthening of rural livelifoods, taking account of the fing-scale variation and heterogeneity that are a feature of these
landscapes. There is growing evidence from across the developing world that the adaption of agrofarestry is helping to restore
the productivity and resilience of landscapes, as well as contributing to the goals of food, nutrition and income security for
smallfolders and other winerable groups in society. Because development challenges are emergent properties of a complex
system they can only be tackled by systems approaches, such as agroforestry, based on a sound understanding of ecology and a
better understanding of the social and economic systems of the peaple who inhabit these landscapes. The case studies focus
especially on the contributions of agroforestry to improving the agroecology of large - scale plantations as a means of testing the
scalability of this body of work. Investments, including from the private sector, are helping fo scale up agroforestry-based
agriculture and this chapter touches on the evolving nature of these investments as an important contributor to the widespread
adoption of agroforestry. It closes with an identification of opportunities and challenges for agroforestry in the context of rising
populations, climate change, shifting demagraphics and changing consumption patterns.

In line with the above this issue of Van Sangyan contains an arficle on Agroforestry towards sustainable agroecaosystem. lhere
are also usefyl articles viz. Leltis australis for fodder security in mid hills of Himachal Pradesh, sre=fia aof qafaor # ferg
gaidt, Tulsi (Uimum basilicum L) lemon grass (Cymbopogan fexuosus Nees ex steud wats), Muskdana (Abelmoschus
maoschatus Medic) and Lhanging chimate with changing Sun.

/ hope that readers would find maximum information in this issue relevant and valuable fo the sustainable
management of forests. Van Sangyan welcomes articles, views and queries on various such issues in the field of forest
SCIBnCe.

Looking forward to meet you all through forthcoming issues

Dr. Pawan Rana
Scientist 'E' & Chief Editor
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Disclaimer — Van Sangyan

Statement of Responsibility

Neither Van Sangyan (VS) nor its editors, publishers, owners or anyone else
involved in creating, producing or delivering Van Sangyan (VS) or the materials
contained therein, assumes any liability or responsibility for the accuracy,
completeness, or usefulness of any information provided in Van Sangyan (VS), nor
shall they be liable for any direct, indirect, incidental, special, consequential or
punitive damages arising out of the use of Van Sangyan (VS) or its contents. While
the advice and information in this e-magazine are believed to be true and accurate
on the date of its publication, neither the editors, publisher, owners nor the authors
can accept any legal responsibility for any errors or omissions that may be made or
for the results obtained from the use of such material. The editors, publisher or
owners, make no warranty, express or implied, with respect to the material

contained herein.

Opinions, discussions, views and recommendations are solely those of the authors
and not of Van Sangyan (VS) or its publishers. Van Sangyan and its editors,
publishers or owners make no representations or warranties with respect to the
information offered or provided within or through the Van Sangyan. Van Sangyan
and its publishers will not be liable for any direct, indirect, consequential, special,

exemplary, or other damages arising there from.

Van Sangyan (VS) reserves the right, at its sole discretion, to change the terms and
conditions from time to time and your access of Van Sangyan (VS) or its website
will be deemed to be your acceptance of an agreement to any changed terms and

conditions.
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Agroforestry towards sustainable agroecosystem
Nahid Khan

Department of Farm Forestry
Sant Gahira Guru VishwavidyalayaAmbikapur, Surguja (C.G.), INDIA
Email: nahidkhan1618@gmail.com

Abstract

The global climate change, food crisis and
security, along with ever increasing
demand of wvarious products due to
population rise put pressure on the various
natural resources of the earth. The food
requirement of the country of various
countries are increasing and they trying to
increase  the production through
intensification process and not concerning
about the food quality, human health and
the environment. These faulty or
unsustainable practices are disrupting the
ecology and natural balance by altering the
various natural process and systems.
Therefore, sustainable land-use,
production systems and technologies are
need of the present and future wellbeing of
human. In  this  perspective, the
agroforestry seems to be very promising
land-use practices which not only
efficiently utilizes all the available
resources but protect and improves the
ecology and environment of the farming
systems. This also helps towards
improving  biodiversity, soil quality,
livelihood, and economic status of the
farmer through diversified products
besides  their  ecological functions.
Agroforestry is key instrument towards
enhancing the vegetal cover, resource
utilization, ecosystem productivity and
environment resilience and stability which
forms the basic pillar of agroecosystem
sustainability and sustainble development.

Keywords: Agroforestry, Agroecosystem,
Climate  Change, Food  Security,
Sustainable Development

Introduction

The food production in the developing
nations has expected to increase as
compared to developed nation of the world
but the demand of the food cannot be meet
out in near future due to ever increasing
population worldwide. Therefore, the
production of the foods needs to be
increased to bridge the demand-supply
system across the world. The production in
agroecosystem is regulated and limits by
various factors such as soil health and
productivity, water availability, suitable
climate, resource input-output, production
technologies, environment and ecological
system, etc. Therefore, the sustainable
production of agroecosystem needs to
integrate with climatic information and
smart practices to cope up food insecurity
under changing climatic context (FAO,
2020). In this perspective, use of
bioclimatology, organic farming, climate
smart agriculture, conservation farming
and agroforestry are the sustainble
practices and ensure the  eco-
environmental development and prosperity
of human being (Cano et al., 2019; Jhariya
et al., 2019a, 2019b).

The prior focus on agroecosystem
production has taken in India and other
developing countries for accelerating
agricultural productivity and food security
through technological advancement in
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production input systems (Khan, 2020).
These transformations in the science and
technology the India becomes self-
sufficient in terms of food availability as
well as one among the top food exporting
countries as global platform. Still it would
not clearly diagnose the socio-economic
and eco-environmental perspectives for the
welfare of farming community and the
peoples in terms of sustainability (UNEP,
2015). This horde for improving the
production system at national and
international levels are depleting the
productivity and carrying capacity of the
nature and degrading the ecological
balance. These also lead to severe
degradation of soil, water and the
environment (Khan et al., 2020a, 2020b).
Therefore, the harmonized approach needs
to be implementing to fulfil the required
food production in one hand and eco-
environmental sustainability on the other
hand. In this connection agroforestry is
boon for the farmers to maintain the
agricultural production and ecological
balance (Barua et al., 2019; Raj et al.,
2020; Banerjee et al., 2020). The scientific
management of agroecosystem  with
sustainble way, agroforestry is the only
solution with all round development with
eco-farming and eco-design.

Agroforestry and agroecosystem

The agroforestry system is continuously
mentioned as holistic approach toward
agricultural production and sustainble
management of agroecosystem. This
system has multifarious benefits of
economic, social and environmental
context. Besides these it offers various
functions such as improves ecosystem
health, soil health, hydrology, biodiversity

and carbon sequestration and reduces the
loss of natural forest. Agroforestry is
reflected as sustainble agriculture practice
which integrated agricultural crops, trees
and livestock with varying site specific
combination which offers the long term
returns and satisfying the food demand of
humans. It addressed the ecological and
environmental developments along with
natural resource base which affects the
agricultural economy of the nation. It is
also sustainble economic viable systems
which enhance the economic gain of
farming communities and uplift their
socioeconomic condition (Mbow et al.,
2014; Jhariya et al., 2019a, 2019b).

There are several models prevalent across
the globe. The agroforestry model varies
as per the component and their
combination. These also influenced by
climatic regimes, soil, agroecology,
bioclimatic component, biotic
interferences and the production outputs.
Figure 1 reflected some prevalent
agroforestry models in India. The choice
of species and component mix determined
through various biotic and abiotic factors.
Each model is unique in their practice and
productive traits and supports the agro-
production system and leads towards
improving agroecosystem through better
resource  management. The  proper
management and utilization of land, soil,
water resource and other available
resources leads towards efficient input-
output system of agroecosystems. This
further improves the agroecology and
leads towards agroecosystem sustainability
(Jhariya et al., 2019a, 2019b; Raj et al.,
2019a, 2019b).
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Fig. 1: A schematic presentation of various prevailing agroforestry models

Agroforestry for Sustainble
Agroecosystem Management

The developing nation of the world is
reflected traditional farming systems and
facilitates livelihoods to people (Altieri
and Nicholls, 2017). In the present
climatic change scenario these
monocropping system is threating the
ecosystem and human welfare to a great
extent. Due to mismanagement and faulty
agricultural management system would
putting the pressure on the natural
resources and the quality food production
at global scale. This practice is also
accelerating to climate change and affects
the food security by influencing the
agricultural production (FAO, 2018).
Therefore, a balanced and harmonized
approach like agroforestry is need of the

hour towards sustainable agroecosystem
management.  Agroforestry is not only
promoting sustainable production but also
helps in adapting and mitigating the
climate change which seems to be more
prominent in the tropics of the world. This
is cost-effective practices which conserve
the resources and make the agroecosystem
more resilience to climatic variability and
improve the sink of nutrients and carbon.
Agroforestry is  sustainable land-use
system  which can improve the
agroecosystem through improvement of
soil, water, floral and faunal biodiversity,
ecosystem health and resilience and
through carbon sequestration  which
ameliorate  the harse environmental
conditions through various functions and
services (Figure 2).
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Figure 2: Agroforestry towards sustainable agroecosystem management

Conclusion

Agroforestry practice is a sustainble land-
use management system which has
multidimensional output in agroecosystem
which enhance the eco-efficiency by
efficient utilization of natural resources.
Further it helps to reduce the nutrient and
resource loss through various processes
and accelerates the resource use and
agricultural production. It is also prove to
be efficient performer in economic and
environmental point of view. This also
increases the socio-economic upliftment of
the farming community. Therefore, it is
known to be sustainble practice due to its
social, economical and environmental
dimensions. Further policy should be
framed towards marketing mechanism of
agroforestry based product for
strengthening the farming community

towards adoption of these models across

the country.

References

Altieri, M.A. and Nicholls, C.I. 2017. The
adaptation and mitigation potential
of traditional agriculture in a
changing climate. Climatic Change,
140:33e45.

Banerjee, A., Jhariya, M.K., Yadav, D.K.
and Raj, A. 2020. Environmental
and  Sustainable = Development
through  Forestry and  Other
Resources. Apple Academic Press
Inc., CRC Press- a Tayler and
Francis Group, us &
Canada.ISBN:9781771888110. Pp.
1-400.
https://doi.org/10.1201/978042927
6026.

Barua, S., Kumar, R., Satyapriya. and
Singh, P. 2019. Why challenges of
doubling farmers’ income by 2022

© Published by Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

are acceptable in context of the
present Indian agricultural scenario.
Current Science, 116(8):1287-1288.

Cano, E., Cano-Ortiz, A., Musarella, C.M.,

Pifiar Fuentes, J.C., Ighbareyeh,
JM.H., Leyva, G.E.AF. and Del
Rio, S. 2019. Mitigating climate
change through bioclimatic
applications and cultivation
techniques in agriculture (Andalusia,
Spain). In: Sustainable Agriculture,
Forest and Environmental
Management  (Springer  Nature
Singapore Pte Ltd). Jhariya MK,
Banerjee A, Meena RS, Yadav DK
(eds.), Pp. 31-69.
https://doi.org/10.1007/978-981-13-
6830-1_2.

FAO 2020. World’s food systems rely on

biodiversity. Food and Agriculture
Organization, Rome.
http://www.fao.org/news/story/en/ite
m/1263301/icode/.

FAO 2018. The Future of Food and

Agriculture: Alternative Pathways to
2050. Roam.
https://doi.org/10.4161/chan.4.6.128
71.

Jhariya, M.K., Banerjee, A., Meena, R.S.

and Yadav, D.K. 2019a. Sustainable
agriculture, forest and environmental
management.  Springer  Nature
Singapore Pte Ltd., 152 Beach Road,
#21-01/04 Gateway East, Singapore
189721, Singapore. eISBN: 978-
981-13-6830-1, Hardcover ISBN:
978-981-13-6829-5. DOI:
https://doi.org/10.1007/978-981-13-
6830-1.Pp.606.

Jhariya, M.K., Yadav, D.K. and Banerjee,

A. 2019b. Agroforestry and Climate
Change: Issues and Challenges.
Apple Academic Press Inc.,, CRC
Press- a Tayler and Francis Group, US

Vol. 7, No. 6,

Issue: June 2020

& Canada. ISBN:978-1-77188-790-8
(Hardcover), 978-0-42957-274-8 (E-
book).Pp.
335.https://doi.org/10.1201/9780429
057274.

Khan, N. 2020. Social and Technological

Transformation Vis-A-Vis
Sustainability. Van Sangyan, 7(3):16-
20.

Khan, N., Jhariya, M.K., Yadav, D.K. and

Banerjee, A. 2020a. Herbaceous
dynamics and CO, mitigation in an
urban setup- A case study from
Chhattisgarh, India. Environmental
Science and Pollution Research,
27(3):2881-2897.
https://doi.org/10.1007/s11356-019-
07182-8.

Khan, N., Jhariya, M.K., Yadav, D.K. and

Banerjee, A., 2020b. Structure,
diversity and ecological function of
shrub species in an urban setup of

Sarguja, Chhattisgarh, India.
Environmental Science and Pollution
Research, 27(5):5418-5432.

https://doi.org/10.1007/s11356-019-
07172-w.

Mbow, C., Smith, P., Skole, D., Duguma,

L. and Bustamante, M. 2014.
Achieving mitigation and adaptation
to climate  change  through
sustainable agroforestry practices in
Africa. Curr. Opin.  Environ.
Sustain., 6:8-14.

Raj, A., Jhariya, M.K., Yadav, D.K. and

Banerjee, A. 2020. Climate Change
and Agroforestry Systems:
Adaptation and Mitigation
Strategies. Apple Academic Press
Inc., CRC Press- a Tayler and
Francis Group, US & Canada. ISBN:
9781771888226. Pp. 1-383.
https://doi.org/10.1201/978042928
6759.

© Published by Tropical Forest Research Institute, Jabalpur, MP, India


https://doi.org/10.4161/chan.4.6.12871
https://doi.org/10.4161/chan.4.6.12871

Van Sangyan (ISSN 2395 - 468X)

Vol. 7, No. 6,

Raj,

Raj,

A., Jhariya, M.K., Yadav, D.K.
Banerjee, A. and Meena, R.S. 2019a.
Agroforestry: A Holistic Approach
for Agricultural Sustainability. Pp.
101-131. In: Sustainable
Agriculture, Forest and
Environmental Management. M.K.
Jhariya, A. Banerjee, R.S. Meena
and D.K. Yadav (Eds.). Springer
Nature Singapore Pte Ltd., 152
Beach Road, #21-01/04 Gateway
East, Singapore 189721, Singapore.
elSBN: 978-981-13-6830-1,
Hardcover ISBN: 978-981-13-6829-
5. DOI: 10.1007/978-981-13-6830-1.
Pp. 606.

A., Jhariya, M.K., Banerjee, A,
Yadav, D.K. and Meena, R.S.
2019b.  Soil  for  Sustainable

Issue: June 2020
Environment  and Ecosystems
Management. Pp. 189-221. In:

Sustainable Agriculture, Forest and
Environmental Management. M.K.
Jhariya, A. Banerjee, R.S. Meena
and D.K. Yadav (Eds.). Springer
Nature Singapore Pte Ltd., 152
Beach Road, #21-01/04 Gateway
East, Singapore 189721, Singapore.
elSBN: 978-981-13-6830-1,
Hardcover ISBN: 978-981-13-6829-
5. DOI: 10.1007/978-981-13-6830-1.
Pp. 606.

UNEP (2015). The United Nations

environment programme and the
2030 agenda. Global action for
people and the planet.
WWW.unep.org.

© Published by Tropical Forest Research Institute, Jabalpur, MP, India



Issue: June 2020

Van Sangyan (ISSN 2395 - 468X)

Vol. 7, No. 6,

Celtis australis for fodder security in mid hills of Himachal
Pradesh

Kamini', Naresh Kumar?, Sapna Thakur® and Chandresh Guleria®*

'ICAR-Indian Grassland and Fodder Research Institute, Jhansi- 284003, Uttar Pradesh, India
2ICAR-Central Agroforestry Research Institute, Jhansi- 284003, Uttar Pradesh, India
*Punjab Agricultural University, Ludhiana, Punjab, India
“Dr. Y. S. Parmar University of Horticulture and Forestry, Nauni, Solan-173230, Himachal Pradesh,

India

E-mail: kaminigautam1989@gmail.com

Introduction

Celtis australis Linn. (Family: Ulmaceae)
locally known as Kharik or Khirak is a
fast growing native tree of Western
Himalayas and is found growing in
subtropical to temperate regions of
Himachal Pradesh, Jammu and Kashmir
and Uttarakhand. Its altitudinal distribution
zone ranges between 500 to 2500 m amsl
and rainfall ranges between 1200-2500
mm/year (Luna, 1996). In the mid hills of
Himachal Pradesh, C. australis is
traditionally grown on agriculture field
bunds and agricultural border areas to
supply timber, fodder and fuel wood. It
ensures supply of highly nutritious, highly
palatable, mineral rich, green fodder for
livestock during summer and autumn
season in mid hills of Himachal Pradesh
(Singh, 2004).

However, livestock in Himachal Pradesh is
facing low productivity due to scarcity of
fodder, mineral deficiencies, heath issues
and the vagaries of climate change, etc.
Lack of quality and adequate amount of
fodder has been reported to main cause
low productivity in livestock sector
(National  livestock  policy, 2013).
Livestock is the main component of
agriculture in Himachal Pradesh and
provides draught power in hilly terrain of
the state, where machineries cannot be
deployed for carrying out the agricultural
activities. Besides this, livestock act a

source of manure, milk, wool, meat and an
additional source of income to the hilly
people. As, per the 20" livestock census
(2020), total livestock population in
Himachal Pradesh is 4411.17 thousand and
this livestock is largely dependent on
natural grasslands locally known as
“ghasnis”, crop residues, tree leaves and
forests for sourcing fodder. Fodder
cultivation is almost negligible in the state
with 0.05 percent of the total cultivated
area which is limited to the lower altitude
and is focused on cultivating only barseem
and oat crops. Continuous shortage of
green and dry fodder has been observed in
the state and it has been estimated that
shortage of 20.30% green fodder and
53.61% dry fodder exists in Himachal
Pradesh (Kumar et al., 2019). Due to
scarcity of quality fodder throughout the
year, poor livestock productivity and high
cost of market based feed, decrease in
livestock population in the state has been
observed in the current livestock census in

comparison to the previous census
conducted in year 2011(Livestock
population ; 2011: 4844.43 thousand;

2019: 4411.17 thousand). However, the
demand for livestock based products
especially milk is increasing day by day in
the state due to increase in the human
population.

In addition to the fodder tree leaves in the
mid hills, the natural growing grasses i.e.
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Apluda mutica, Chrysopogon fulvus,
Heteropogon contortus, Themeda
arundinella.  Apluda  mutica, and
Cymbopogon spp. growing on the
“ghasnis” are fed to the livestock during
rainy season and these are also cut and
dried for utilization during winter season
in the form of hay. But now these natural
“ghasnis” are also facing issues of
decreased fodder biomass production due
to overgrazing, weeds infestation and
besides this, number of fodder trees grown
on farm bunds is also declining. Therefore,
to address fodder shortage in mid hill
region especially during lean period and to
sustain livestock production, high leaf
biomass yielding fodder trees that are rich
in mineral and crude protein can be
utilized via planting them on farm bunds,
agricultural border lands, local grazing
lands “ghasnis”, and village community
lands in mid hills. One of such potential
tree for sustaining fodder security in mid
hills is Celtis australis, if planting as a
component of existing land use system can
play a substantial role as a quality fodder
for livestock production in the mid hills.
Habit, distribution and ecology

C. australis is a moderate sized deciduous
tree, reaching a height of upto 25 m and 50
cm in diameter with a smooth, light
colored, straight stem. Crown of C.
australis is round and spreading outwards
as well as irregular and branches are robust
and upward growing. Its leaves are green,
alternate, with serrate margin, ovate
shaped, pinnate showing reticulate
venation. C. australis is found growing
naturally in Himalayan moist temperate
forests, in north western Himalayas
(Champion and Seth, 1968). However, the
population of C. australis is declining in
the natural habitats, as the seedlings are
grazed by cattle which lead to the poor

regeneration and less number of species
individuals. The subtropical to temperate
climate is suitable for its growth; therefore
C. australis can be seen growing on
agricultural lands, villages- forest fringes
in sub tropical to temperate regions of
Himachal Pradesh. It prefers deep, moist
and well drained loamy silt & clayey soil
and avoids shallow soil with gravels
(Luna, 1996).
Silvicultural
phenology
C. australis is a moderate light demander
during seedling stage but beyond pole
stage it needs complete overhead sunlight
for optimum growth and performance
(Luna, 1996). Seedlings and trees of the
species are frost hardy but drought
susceptible. Due to presence of thin bark,
trees are also susceptible to damage caused
by fire. Being palatable its seedling and
saplings are prone to damage caused by
animals which is one of the reasons for its
poor survival and regeneration in the forest
areas facing grazing issues. Besides this,
the tree is well suited for pollarding and
coppicing.

Trees of C. australis start shedding leaves
in the month of December-January and the
new leaves flush starts from the month of
mid March till April end. Floral buds
development takes place along with
emergence of new leaves i.e. during mid of
April  month. Fruit development is
completed by July - August and they
remain green till September and finally
shed off on maturing in October month.
Utilization

C. australis is utilized for its wood which
is quite tough and of good quality. Wood
is utilized for making agricultural tools,
cups, churners, sticks and even for carving.
Weight of its wood is around 750kg/m®
and specific gravity ranges between 0.61-

characteristics and
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0.71 respectively (Luna, 1996). Being a
good fuel wood with calorific value of
18.22 + 0.29 KlJ/gm, its branches are
utilized as fuel wood in Himachal Pradesh
and other north western Himalayan states.
Fruit of the species tastes sweet and a
source of food for Himalayan birds,
monkeys and squirrels. Leaves of the tree
are highly palatable and nutritious,
therefore are utilized as livestock fodder in
Himalayas.

Potential as a fodder tree for mid hills of
Himachal Pradesh

The mid hills of Himachal Pradesh are
facing issues of low productivity of
livestock and in surge in the population of
stray cattle due to shortage of quality
fodder especially during lean periods. But
demand for livestock based products
especially milk is increasing in the state
due to increase in population. Thus, a
viable option for ensuring fodder security
is required in mid hills of the Himachal
Pradesh. Trees like C. australis are
traditionally grown on agriculture field
bunds and agricultural border areas to
fodder for livestock during lean period but
their population is declining rapidly.
Therefore there is need for mass scale
planting of nutritious fodder yielding trees
like C. australis for meeting out demand
for quality fodder and for enhancement of
livestock productivity. Leaves of C.
australis are highly nutritious and
palatable to livestock and this tree is a
potential fodder species for ensuring
fodder security in mid hills of Himachal
Pradesh. Fodder yield and fodder quality
of this species has been discussed in detail
as below:

Fodder quality traits

Celtis australis is a potential fodder tree
for the mid hills of the Himachal Pradesh
due to its leaves being highly nutritious

and palatable to livestock. Leaves of this
species are rich in mineral like calcium,
potassium copper, iron, zinc, manganese
etc. and crude protein content (15.56 %);
high quality fodder traits and contain
almost negligible amount of tannin and
other anti-nutritional compounds. In
addition to this, leaves of C. australis are
fed during summer season, and the best
lopping time as leaves are highly palatable
during this time than autumn season. In-
vitro dry matter digestibility of its leaves
has been found to be good (49.3 %).
Fodder quality traits of C. australis have
been presented in the table 1.

Fodder yield

Well grown single, tree of C. australis
have been reported to produce 5-7 kg fresh
leaves and the production increases as the
number of branches increases with further
growth of trees (Misri, 1997). Under silvi-
horticulture ~ system  established in
Uttarakhand hills, ten year
old Celtis australis trees have been
observed to yield 5.7 to 7.7 kg/tree green
fodder yield (Bisht et al.,, 2000). C.
australis trees on combining with
Digitaria decumbens grass on natural
grasslands has been reported to increase
forage production  to 1800-2450
g/m%annum in comparison to the natural
grasslands (300 g/m? /annum) (Sharma and
Koranne, 1988). On marginal lands in hilly
area of Uttarakhand, C. australis based
silvipastoral have been reported to yield
18-25 t/halyear green forage yield (Bisht
and Gupta, 2002).

Thus, it is quite evident that C. australis is
a potential fodder tree in mid hill region of
Himachal Pradesh. Moreover, it is fast
growing tree species and can be easily
propagated via seeds and stem/branch
cuttings and can produce good amount of
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nutritious fodder for sustaining livestock production.

Fig. 1: Celtis australis: a. Tree b. Leaf ¢ & d Giant tree growing in mid hills of Himachal
Pradesh (age: > 120 years; Girth at breast height: 2.8 meter; height: 13.7 m)
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Table 1. Fodder quality traits of Celtis australis leaves

Traits Content (Dry Matter Basis)
Dry matter 48.05 %
Organic matter 80.41 %
Total ash 19.59 %
Nitrogen free extract 39.68 %
Total carbohydrate 61.45 %
Ether extract 3.40 %
Crude protein 15.56 %
Neutral detergent fiber 39.01 %
Acid detergent fiber 23.94 %
Crude Fiber 21.77 %
Calcium 10.53 %
Potassium 1.29 %
Phosphorus 0.22 %
Copper 17.50 ppm
Iron 665.53 ppm
Manganese 30.60 ppm
Zinc 19.26 ppm
Digestibility coefficients
In vitro Dry matter digestibility 49.3 %
Anti nutritional compounds
Phenols 3.30 %
Tannin 1.80 %
Saponin 11.76 %
Hydrocyanic acid 0.08 mg100g™
References: Navale, 2017

Propagation technique

C. australis can be propagated via seed as
well as vegetatively through cuttings.
Seeds are sown in poly bags during
March-April month after treating with hot
water followed by soaking in water at
room temperature for 48 hours. Planting
out is carried out during winter when
species remains leafless (Luna, 1996) in 30
m® pits, when seedlings are leafless or
during monsoon season. Six months old
seedlings have been reported to perform
better in terms height growth as well as
survival and growth has been found fast on

moist and fertile soils. For vegetative
propagation, 15 — 20 cm long & 1.5-2.0
cm thick stem cuttings are used after
treating them with 500 ppm IBA or 1AA.
IBA and IAA treatment is necessary for
ensuring successful rooting and growth of
cuttings. For field planting, pits are dug
and filled with FYM and Soil (1:2) and
then well grown seedlings or rooted
cutting are planted. Initially protection
should be provided to planted
seedlings/rooted cuttings from animals,
weeding should be carried out to avoid any
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competition and to ensure successful
establishment of the species.

Options for utilizing Celtis Australis for
fodder security in mid hills

Due to existing fodder shortage problem in
mid hills of Himachal Pradesh mass
planting of C. australis can be promoted
on following land areas to ensure fodder
security in the region and to ensure
sustainable livestock production:

e C. australis can be planted under
Silvipasture system with other
grasses and legume species on
wastelands of mid hills of
Himachal Pradesh. The
Silvipasture can be managed by
local people on participatory basis
for sourcing fodder.

e Small and marginal farmers can
utilize their farm bunds farm bunds
for planting of Celtis australis trees
for fodder security.

e Border of agricultural land that
usually remains covered with
bushes and unpalatable species can
be utilized by farmers for growing
C. australis and its utilization of
the fodder purpose.

e Grazing lands are losing their
productivity in mid hills of the
state owing to miss-management
and over grazing. Therefore in such
areas C. australis can be planted as
a component which will not only
ensure nutritious quality fodder
during lean period but also restore
grazing lands productivity via
improving soil fertility through
addition of leaf litter. Leaf litter
decomposition will restore top soil
fertility and ultimately grass
biomass production will increase.

e C. australis tree can also be planted
near cattle shed or homestead by

villagers/farmers as lot of space is
available near cattle shed and
houses in Himalaya. Planting this
species near to cattle shed will
provide shade for livestock during
summer season.

Conclusion
C. australis is a promising nutritious
fodder yielding tree species of mid hills of
Himachal Pradesh. Since, Himalayan
region is facing shortage of quality green
fodder; therefore, C. australis can be
planted on large scale on wastelands;
agricultural border areas; farm bunds;
grazing lands (Ghasnis) and near
homesteads for ensuring quality fodder
supply during lean periods in mid hills
region.
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FFEAT AL qATAL 6 forg FAvat

IS FAIT foT

IHRTCHLTT T AT FEATH
(AT AT et va forar afiwg, qxiavor, a9 i Saarg 7adT AT, AT R
BEENES

Trees killed
by acid
rain

ST IUT ST § FTET STSAFATIS F AT
FTTHEA H TEOT ZAT H HIE ACHT
TEAFATES AT ATSZNA AFATES HT
7raT TRt gt €, a1 78 9wt 9o ¥ e
FTF FewIvE Ui e Arzfew ufaw #
JaA FTAT § AT T I FqF AT W
frzar g, a1 =7 ufhe Y At sty aut
FEA T | AT A H AHAT T T TAT FT
T IUTEATA T AT AT FgT ATAT 2 |
TIFfA®: FOT T AT qF AU FT A
AFAT ZIAT 2 | TAFT THG FI0T ATTHSA
T AT BRATRATT F ORI qowT

AFATST o AT SNFATIS F AT

IS % FIAT aAAt & | Tat T4 arHsa

H UEART A | TEAAF BHAT FIH

ke AT FEFIVF v 7 fRwior w71
T | G TG AFA, AUT F ATT GI[AA IT
TEEAT E AT T AT AN FEA £ | OF TA
#1 Ph #4% 55 & 5.7 % a9 grar 2 |
FFATT FOT oy ot U=, Tq¢ 5.5 9 w9
AT | qfx T T fF UF AT 4 F FH
AT & AT g o Sfa® qqarT F oy
EIAFF AT € |

JTATT A1T 9T T STT T TS TAT ITAFT

A HFHEA TATT FI4A ATAT Tl
AT 9T AT FE 9T AU A T EEATT
TAT FHET AFTAT BT AT g TAEL0 F oI

+AT T FTLOT S AT g | TIEATT HIAT
T & F A=At 7 fFea qraw geqm
F AT ° ITA % T8 A0 % TUT oA
TAT F7 FHWT F g FAmA7 ¥ B O,
A, fEamamzan T, TAREE,
YT, FEsHATA, AEAFT  (FaET)

qIETaTsT 9T T F TUT ST | GeHT

TTE ATFATST TAT ATSSIAT ATFATEE IF

AT § =2 2, ™Es #1207 29 a8

#1 Tt YA FToATHT qUT F w7 H
afrarfua far T 2 ) e a7 aweT
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Ut g FAT AFAT AUT 5T FTOTAMT

AT Gehe qAT AT5¢E F AU O
qAAT LT F =T § fFgqer i =rer
F7 F forw ey smar 2 | 59 Sfarew S
F FAATT T IFATA 29 ATAT TEHT TS
AFATST TAT ATTSIAT ATFATST ATIHSA
H A=W ST F @9% § AT § ar F o7
TAT ATTSIAT AT ATAT § T AT 2T
ST & TAT T2 9T AWT FIEIT AT BH F
=7 ® a8 | =3 9% Ul &1 99"
TAETO F T GgATATE B gEAr g |
qEeftT Fuf T Te-eft, TE-avel, qeaT 7
AT TAAl, AT Sa-Siqelt 79T T et
I T TATT 24T 2 |

TTAT TUT F TATT IT TATH 9L ATTF
TEAT & &1 ST TEH, FIET ATATATT
F T ATEAT o FFAT a0 gt T 17
IO ATEF ZAT g AT T6T Jaeia a7 7
qFLTFTO g 21 | T = # e
AT FTATAT FTAT 2T A FoF qH 1A
e TAATIRT TET AFATT qUT FT T
AT AAF FE AT Bl ATLHSA H
fa=raTT @ethe AUT ATTee F GEH FOT g4l
FTT T2-37 O of ST T G g | THT gar
T TE-ATH AT FTer AR F WS aE T
&R F7 TgAFT Fe TR HT AHLAT A

A IA T | qO%e qUT AT F GEH.FT
FTT FIXT 9 % a7 aF Tg4T 1207 A9 3 |
TET TET AFAT AT F T F a9 747 i
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F ATI-ATT AT T qATATAT T fF AT
TFATT ISTAT T=AT 2 | F41 | AT q617
FT FTEATAIT ATAT AT F TATAT 21T &
AT FTTT, ATATAT FT ATHT STFATT ZT AT
F FO fFAT T F FFOAT 9T TET I

AT ISAT & | s FET 9T I S@T AT 8
o st awt F garg ¥ wgfoar arr
AT ® G AT ATAT & | AT T97 F 77
¥ 9ad, UfAgias ™eE 97 w1 off
AfATeT 21 ATAT & | SAFATT T F A T

afz ot forar st a7 fee o=t afss=i w0
gr T ST S ety aut 7 gartag
G AT ST F IS AT FF AT SATH A
FoAT2qT ATHF T AT I qFAr |
AT AT F TATT 5 FI0 S g i
T AT o eAfaIed g1 [Tt g |

T T3 | STeATT FOT T GHET ATt AT
TET S | THAT, TSAT T eATAE, ATaTA e
FAT foreT AT TP AT ATAT qOT Hr
FEEIT | A JAAT 98 @7 8 |
FUTLERT, =7, FATST, AT AT T F AT
qrT oG A, =4, qfFwr qor qfeo
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AT T F wT TTgT A ff T aHer ¥
SHAAT 9T TET T | A TP H OFEd

SRIHTOT, TELTRTOr qAAT  ATEAT T
SITersh eI o FTLOT AT TN AT ATAT AT
HIAHT F FET ATAF AT ST TR 2 | FoAl
FT ATTFATAT FT TIT FIA F 0 J80T
qQUaT GEAT § AT qTAT | FAAT TATAT
JTAT | [ TR § uw gt i qeqw
i g Fgi g § aoFT T(E ATFES
AT AT rFATES 7 AraAT oft wrferw
areft wE 7 S ety aut F qer w1
2 | JATATT FUT F TATT F FLOT T FIA
HHA T T FINE I247 § Afew A
AT A F AT 00 T AT FAATH
TEAT § | GFFT TS ATFATSE 4T ATSS I
AFATIT T A, ATFSAT  T9T 0T
a2t o foFaT 79 g A A qET
AT ATSEF vt 1 goaT fAaas F2717 2v
STAT & | G F TFHTET F FTI Ag ATTHIT
AT AT A9 BT ATAT | AT AG ATHIT T
JTAT T AT TTAAT & AT TART G317 F a1
FTT | fFomE o= griaFE T A &
FT T qA AT 2 | AT § FHA FTET
TTE ATFATTES ST A6 F ST STEAT FUT AT
I ATATHAT FTAT & AT TUT FT pH 71T
5.6 T AT 9 I AT T oEE wrer
TEATTAT A off 9 ATAT 2 |

neAaE g B AT ygus agEeee |
o € 399 ¥ aft gty a9t F arg
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qAFT TLAT T qaqg TF T2l TgAT | AT T

qferF JATATAT ATHSA F AT T Aqag
TH AT % ®F | AT ZrHT LF e e
T AT L5F FOU F =T § TgAAT 5 | AT
T ATAT FOT AAT AGT HT FAAL, FE,
T FAT FAT T FHT FT g7 & | FATFAT
T FFAT FOT qAT AE [ TF] G2 AT
AT § 3T T avg afaweT w7 T §
qvF =7 | fFefod T qJq7 ST Fwor
Fft-Feft avara F A0 § 39 wurar ¥ ov
{0 STq § T T IH gU /A § | UHT
fafy & g =T S« e i Afaw
HEATT BT STAT g1 SAFATT TUT AT IF
Rafod et Foi F Ffeasor Fv qeArT
frerT T aTH AT T g

FEATT U1 F TATT F ®F H 7 TZIT FHI
girafaa w7 aret amRE o w55
Hqel F AFT FE [adT T 97 F GFT 5 |
ST F=rwfat #1 FA1e agT w9 grar o ar
T TEUFT FT A HiT THA 9T T84
T St g0 qEI AT A7 | U § FH
FATE ATAT = WAt F o F e
T FACTAAT TAT IO ATRTA TATIAT 2T
T T | IR TH AT ¥ F99 F oo
fHafaar i F=€ Tz woft | zaF o
qTHRTT AT AT F FHTAA AT TATT T | A0
T A=t 5 FEE ¥ FEaT qarer o #:
SATE U YIS § AT NI T F g5 aF
qtwh e oAt | aveq SS9
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HFAUTIOT T TGl AT IAT | THT T

FATE T A FTHL SIS % FL0 Ieg A1 §

I T FT AferF q97 foer qrav g | o=
i AT TH TgUF AT § HAIGqF T2
I ET ATTF THF qFAT AT F ®T H
gfrafda 2 F s@Ex Fgq SO
AR TATRE & g% 99 a7 ff sy
FUT 3 TATT F TATIAT 209 2 | CF (et
T ATAT ATHTAT: 39 M0 TAT A=ATNH
et F gy afaF AT F T H IgUF
AL H BIE ATAE |

A AT AR TAT ATg TEIT F
FEO IAA AFAT FGT F TWT F
qfateh, AwT FUT F ATHFAF AAT F
T H SATATRAT, TIHAF AL T97 79
T % ATAT % ISTETIT TEqA [0 AT Tl
g | =9 ITHAa S0ar & IeT FFA 1 I
Ftwd w0 # fAfITT wFa 7 @=F &
T € | =9 9T 7 e quT 7w
HFTTIT TFFT | AT T2AT g | ATHAH
HAT T ITTT I AT ATA HT Tg AT
HTAT, GIAST TAT AT TOF qeat w1 W
H AT § GgTAF 2T g torae & a1 71
A FACTTAAT TIOF Fed ITH FIAT 2 |
TEATT FUT & T9TH =97 § 9 1800 #
TIT ATCAAT T TAT FAT | LT TAT ITLT
TATFT § ATAT AT F TATT qIH ATTF
et o 2 7=t F 39 gy aftas
e =7 & FATT AT F FAATAT T3 |
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o waret o g T 9wq qgT Tqd Tt g,
Ffea® #F ATAT TET FH T AT T 39
Tl F "7 foud g @t & adt uroft,
FAeqAAT AT SFARAT T arefiy Tl F
TATT T & | T4 fooa w2 7 oy auf %
qaTa qad GfyF WS AT Grer qrarat,
afvarat qar afeat a mivaT wwag €
T FET o IIIOTT FAT FAEAATT ¢ THFT
FTIATE AfTF T@T AT T | TA ArATA
TAR fit qEar ® qiw srarfa oiE
FTATT T F THATT T 34T Afers qarfaa
TR T |

TFATT AT F TATF F FTLOT AT ST F

T ST =917 qI9FA 2T ATAT 2 | F2T 9%
gt & wramEE o § afvadT o S
* ST ATEATAAT F T a2 AT T
TEAT | AT FUT FITL F A0 G0 |
Rqq e T F A« H qoEAr 9w oo
TATT STAAT & | ATSTCH ATA F FILOT A
H qford AT T WIAT FF g1 ATAT 2 |
TH YORAT &0 EEAIEFAT F 917 | A0
STAT & | TRAT TUT % TATT | FO Il
T ATHT T9TE 94T § T°qT THF FILO
FAT § FAEAAAT F THFwmg 9¢ A T
TET EUIETIATE |

FEATT YT o FHTLOT AT § AAF TFHT F
T FE FET IO FT AT FEET T AL
AT F FILOT AT TRAT § FHISATE AT,
F2T | gEAd T o oaFA 2 |
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AT TUT FT T ARIT FAT AT

HErAT0 T AT § [WAFT T FT @IS
T AT T AT ST g/ T51 STl ATal  qGH
AT FT TIRT F7T & qT I8 AT q199
TFT % ATT-ATT =T Aol 90 9 2T
TATH STAAT & | AFATT T T A (Hedl
H EATAT FT 97T <47 § FaET o us-

ULV 3 ATA-TTT ITAH AT a7 FAT H AT

TEd AT 7, RE®r I3 w71 9% g9
YT T FATT AT E |

HYOT Tesa St AT 7o ST A ZreH
TS F Aoy & Sa7 off TE v g,
fF qwfiT aut T Iqi=T FT qFe § ITA
T 2 1 3 gwenr oaft AwtEa g §
TATE T T &, A aw i 5w A,
ST g qWEAT FAFTHA TAqT F AT wE
21 STt |

HEAT TOUT TITILOT F AT AehT (ATAH

U FfAF) FT GAL F A AT 2| T HAT

ST JET T ST qeRT 75 ATFATSS

(T 3 2) UF AT AFATEE (TF 31 2)
T FTIHSA Al A ATST F a1 AT
AEHFIF THE F ATeH Ui &1 =aior
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FIAT & TAT T ATALT A F ATT T2AT F

JITAA I TEAAT &, AT TH THT A qU0

T ATAT AT FZAE |

T TATFLOT T T FIA § AT T
#Fr TqE GIEFT AT g1 Tg FUT qATAT
FATST, weq, A1, fwads, 9w,
HraTerve, THAT, TEAT, HE, TAT TATT AT
fa=wfara Tt o A Jre-aiy Taw ¥ uw
THT ATty aHeT a9 g5 8 | 9
A T HIqE a0 AIa* 08 AfaF
ST T &@qY | 2T feAaT 8 )

AET AT FT TEAATT TF &1 (597 TH
o1 HHT T21 T2aT 3fi¥ 7 2 Tg q°%7 1%
AFATTT TAT ATZSH AFATEE ITAT ATA
srantiE vd afvaegT |Ar & 470 aF 2y
HHT T2aT & | Tg =al F 3T AATIF
fareqa et v AT gArET w7AT g, Fih
qFAT AUT F IALECAT F1F T T =T |
2 2, T2 ZaT q97 a1 g7 9 HAv I
g | forae foreT ud 9ot § Rua fwramEr
¥ et qewT T AFATEES UF ATECH

AFATTT F FILO0 AT, THre 97 fhaeve
¥ fega el At 2t g, ’aw e
TR T I9T A ATAFCT AT F AT
THTT TATH 21 IF 8, THITT THT v
FT A AT 38 F g7 A Fga 3 |

AEAT AT ATHF Tg TATATONT  ATTET
AAATAT T AT HAAT I8 TFHeAT 5 | 92
faeet FRaa amdtT Sranfist §eqm +

© Published by Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

ATIHESAT AT F7 F FATF FT o

T AT ALTTAT F ATATT AT F T
f2edt ® aut S i TEriaE gH -
v sreefizar &t s a7 @ g | e F
ATATT TTAATAT TaoetT, IAT T4, HRTATE
HET TL9T, ATHAATS TF SASHIT Z91 § F970
ST T AEATTAT ATATE TZAT AT T2 2 |
qed F THG St qgi gaw,
FIAFRTAT, FTATT, A% Taoett, AT, AT,
qEHATETE, FIAATE, AT, A5 UF
SAATGT AT AL F ATLASA H ATAT
TJUT AT FIA ATAT [AUTF ACHISTS
AtFaTze GT A qiEAT FH TE T T |
U AqHE F AT a9 1990 § FHTT
T 4400 TFAT =7 TE®T TAT § FISAT 9T,
FatH S TEHN [IAT 98 FL 7500 fFaAv
T F AT g §r 99 2015 vF 2020 #
% T FAM: 10900 fFaT =7 wa 18500
TReAT 2 BT AT |

qraT - UertHE REe "@er T F5e
HrraAttorshel AIATSoe= T T 0
TLATAT § HTT AT & T ATAFIT ATLATT
T H T T § FFAAT FT €47 GLAT
T 7 adt w7 &, afFT 98 77 3 a9,
ST AT FT [AwtET To i aeg qwd
H T FATET HATAT & HT AT | 97T §
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Introduction

The Tulsi or Sacred basil or Holi basil is a
biennial and triennial shrub belonging to
the family Lamiaceae.The plant is found
throughout the India. The tulsi plant is
worshiped by the Hindus of India. The
leaves of this basil on steam distillation
yield a bright, yellow volatile oil
possessing a pleasant odour characteristic
of the plant with appreciable notes of
cloves.

Vernacular name

Sanskrit: Ajaka, Manjari Hindi: Babui
tulsi, Gulal tulsi, Kali tulsi, Marua, Pavitra
Tulsai  (Kannada), Thulasi  (Tamil)
Bhutulsi,  Rudrajadu,  vepudupachha
(Telgu), English: Sweet basil, Common
basil

Botanical Description

Basil and Tulsi plant is an erect,
herbaceous, much branched softly hairy,
biennial or triennial plant, 30-90 cm high.
The leaves are elliptic -oblong, acute or
obtuse, entire or serrate, pubescent on both
sides, minutely glanddotted, the flowers
are purplish or crimson, in racemos, close -
whorled, the nutlets are subglobose or
broadly ellipsoid, slightly compressed,
nearly smooth, pale brown or reddish with
small black markings.

Varieties
There is two types of Ocimum are under
cultivation: the Green type (Sri tulsi) is the
most common; the second type (Krishna
Tulsi) bears purple leaves and is preferred
in the trade for its higher potency of the
drug.

The genus ocimum can be broadly divided
into two main groups viz basilicum group
and sanctum group based on the basis of
following differences:

S.No. Particulars Basilicum Group Sanctum Group

1. Habit Species are mostly Biennials or triennals or woody
herbaceous perennials perennial under shrubs.

2. Flower Bracts are petiolate flowers | Bracts are sessile Flowers are small
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Characters more conspicuous

3. Seed Mucilagenous

Non-mucilagenous

Floral characters of all Ocimum species
are similar in basic structure. Flowers are
protandrous. The duration between
opening of flowers, dehiscence of anther
and maturity of style varies between
species to species. Flowers are mainly
entomophilus, thus they are mostly
outcrossing types.

In India O. amricanum, O. basilicum,
O.canum, O. gratissimum and O. sanctum

are distributed, O. gratissimum, is mostly
cultivated in north India and O. sanctum
being considered as sacred platn by
Hindus and is cultivated in almost every
part of India. The important species and
varieties developed by RRL Jammu are
presented below:

FreshOil Qil
Name of The . Herb| . Recovery, Major Other chemical
S.No . Variety | . |yield .
Species yield Kg/ha (F.W. Constituentg compound
(t/ha) basic %)
. RRL- |40- 175 Methyl Linalool  Geraniol
1. O. americanum TO 0.44 .
02 42 chavicol Borneol Edesmol
200
Caryophyllene-
Methv oxide, Linalyl
ety
OR7R L- 40 4K(;O 0.44 Chavicol j(cetate-
(70-75%) -cadenine 1,8
cineol terpenol
Lemonene Ocimene
2 |Obasilimum | RRL07| 40 |200 |0s0 | Pinene Cineole
(75-80%) Geraniol Linalool
Camphor,  Methyl
chavicol, Eugenol
Sesquiterpene
Linallol Methycinnamate
RRL- (50%) and | Ocimene leaves
011 50 220 |0.50 Methyl contain Protein
chavicol Carbohydrate,
(35%) Volatile oil Fixed
oil, Cellulose,
Mineral matter vit.
A/ Band C
3. O. canum RRL-01|40 |200 |05 Linalool Linool,  Campher
pinene, Elemal,
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Methyl chavicol
Geranylacetate,
Linalyl acetate,
Tricycline,

Myrcene Ocimene
and Boranyl actate

4. O. gratissimum | RRL-08 | 40 | 160

Eugenol
(75-80%)

Ocimene, Myrcene,

0.40 Methyl chavicol

(O.gratissimum
O. x 0. viride)

RRL-15 |40 | 250

Carveol,
Caryophyllene
oxide, o pinene,
Limonene,
Phellandrene, Citral

Eugenol

050 (75-80%)

5. O. viride

RRL-08 | 42 | 200

Thymol
(65-70%)

Thymol, d-

0.50 .
imonene,

RRL-09 | 42 | 200

o-y-terpenol
Phellandrene
myrcene, 4-terpenol
o-terpinol
Geranylacetate
caryophyllene
oxide,  a-penene,
Carveol and
Careen.

Thymol

050 (65-70%)

Soil

It thrives well on a variety of soils pH 5.0
to 8.5. Rich loam to poor laterite, saline
and alkaline to moderately acidic soils are
all well suited for its cultivation. Well
drained soil aid in better vegetative
growth. Water logged conditions can cause
root rot and result in stunted growth.
Climate

The tulsi can be grown well in varied
climatic conditions. It flourishes well
under fairly high rainfall and humid
condition. Long days and high
temperatures have been found favorable
for the plant growth and essential oil
production. Tropical and subtropical
climate (at altitudes upto 900m) are suited

for its cultivation where this crop is grown
in winter. In the plains of north India it is
grown in summer. The most suitable
temperature for its growth is 30 °C. This is
not grown in the areas where possibilities
of fall snow or frost.

Propagation

The plant is propagated by seeds and seeds
should be fresh. The seeds are initially
sown in the nurseries in the plains of North
India in April - May. First the seeds are
mixed in 8-10 times more soil and spread
in the prepared plain beds. 600- 800g
seeds are sufficient for sowing in one
hectare. Later the seeds are mixed in the
bed soil with the help of a broom or hands.
Thirty days after sowing, the seedling
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becomes ready for transplantation in the
fields.

Nursery raising

Raised nursery: beds of 4.5 X 1.0X0.20m
size should be prepared thoroughly and
well manured by addition of FYM. About
200-300 g seeds are enough to raise
seedlings for planting one hectare of land.
The seeds should be sown 2 cm deep in the
nursery beds. After sowing the seeds in the
nursery a mixture of FYM and soil is
thinly spread over the seeds and irrigated
with a sprinkler hose. The seeds
germinated in 8-12 days and seedlings are
ready for transplanting in about 6 weeks
time at the 4-5 leaf stage. A foliar spray of
2% urea solution on the nursery plants 15-
20 days before transplanting helps in
raising very healthy plants for
transplanting.

Transplanting

When the plants are gown upto 15-20 cm
height, they can be transplanted in
prepared field at a distance of 40 cm X 40
cm, 40 cm X 50 cm and 50 cm X 30 cm to
get high herbage and oil yield per hectare.
The fields are irrigated immediately after
transplanting. The seedlings will establish
well by the time of second irrigation. At
this stage, gap planting and replacement of
the poor plants is, done so that a uniform
stand is achieved.

Manures and fertilizers

The application of 120 Kg N, 60 Kg P,0s
and 60 Kg K0 is optimum recommended
dose for this crop. Half the dose of
nitrogen and entire doses of phosphorous
and potash is given as basal dose whereas
remaining nitrogen is applied in two split
doses, after the first and second cuttings.
The foliar application of the micronutrients
Co and Mn at 50 and 100 ppm
concentrations respectively is reported to
increase the oil yield significantly.

Irrigation

The irrigation depends upon the moisture
status of the soil. The summer season three
irrigations per month are necessary
whereas, during the remaining period. It
should be done as and where required
except in the rainy season when no
irrigation is necessary. About 12-15
irrigation in a year are sufficient for
optimum growth and yield of oil.
Interculture

One hoeing two months after planting is
sufficient. The crop may also be earthed
up at this stage.

Weeding

The first weeding is done one month after
planting and the second 4 weeks after the
first. After this stage, no further weeding is
required as the plant become bushy,
naturally suppressing the weeds. However,
after each harvest, weeding should be done
so as to avoid weed growth in the
interspaces, if any

Pest and diseases

In general the crop is a hardy in nature.
Thus, the affects of pests, insects and
diseases  are  comparatively  less.
Sometimes it is affected by powdery
mildew caused by oidium spp., seedling
blight caused by Rhizoctoia bataticola.
Powdery mildew can be controlled by
spraying wettable sulphur (4g/litre of
water) and later two diseases are managed
by improved phytosanitary measures and
by drenching the nursery bed with a
solution of  fungicides.

Among the insects; the larvae of leaf
rollers sticking to the under surface of the
leaves fold them backwards length wise
thus, webbing them. Malathion (0.2%)
may be sprayed to control this insect.
Harvesting

The crop is harvested at full bloom stage
by cutting the plant at 15 cm from ground
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level to ensure good regeneration for
further harvest. The first harvest is done at
90-95 day after planting and it may be
harvested at 65- 75 days intervals.
Harvesting should be done on bright sunny
days in order to obtain good quality oil
yield. The harvest produce may be allowed
to wilt in the field itself for 4-6 hours to
reduce the moisture content and the
bulkiness. About 5 tonnes /ha of fresh
herage can be obtained twice or thrice a
year.

Distillation

The harvested produce is usually distilled
in its fresh form. However the oil quality
and yield do not diminish upto 6-8 hours,
after harvest, but any further delay may
cause considerable loss in vyield and
quality of oil. Steam distillation is found to
be superior to water distillation. By
distillation of full plant gives yield of oil
0.25% in leaves and 0.4% in flower and
inflorescence. The yield of oil varies with
the type, season and place of origin. The
oil yield will be approximately 10-25

Kg/hac.
Chemical composition
The plant contains maily phenols,

aldehyde, tannins, saponins and fats. The

leaves contain pale yellow green essential
oil which becomes crystalline over a
period. It is called as basil camphor. The
essential oil components are eugenol
(about 71%), eugenol methyl ether (20%),
nerol caryophyllene, selinene, a-pinene, 3
-pinene, camphor, cineole, linalool and
carvacrol (3%). A terpeneneurobsolic acid
possessing anticancer properties has also
been isolated. The seeds of this plant give
a greenish yellow fixed oil and also
contain antistaphylocoagulase which can
be extracted with water and alcohol.
Medicinal uses

The leaves, seeds and roots are
medicinally useful. The juice of the leaves
pOSsesses diaphoretic, antiperiodic
stimulating, expectorant and antipyretic
properties. It is used in catarrh, bronchitis
and earache etc. A decoction of the root is
given as a diaphoretic in malarial fever.
The juice of whole plant parts are
considered to be good antidoles for
snakebite and scorpion sting. The volatile
oil is reported to possess antibacterial and
insecticidal properties.
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Introduction

Lemon grass (Cymbopogan flexuosus Nees
ex steud wats) is a tropical perennial grass
which is the source of lemon grass oil
obtained from the leaves and shoots of the
plant. The name of lemon grass is given to
this crop because of typical strong lemon
like odour of the plant which is
predominantly due to high citral content in
the essential oil present in the leaves. The
essential oil is popularly known as Cochin
oil in the world trade as 90% of it comes
from Cochin ports.

Vernacular name

Lemon grass, (Hindi) Nimbe hullu
(Kannad), Lemon grass (English), Trade -
Lemon grass

Botanical Description

Lemon grass belongs to family poaceae
(Graminae) and the genus cymbopogan
which has three identified species
Cymbopagan flexuous

It is known as east India, Cochin or
Malabar grass. Under this species two
varities are identified based on the stem
color.

Cymbopogan flexuous Var. flexuosus
The red grass locally known as chumanna
pullu. The stem is reddish; or purplish in
colour. It is recognized as true lemon grass
and is commercially cultivated. The citral
content is very high (75-90) in essential oil
although oil yield is poor.

Cymbopogan flexuous Var. albescens
The White grass; locally known as
vellapullu, is characterized by the white
colour of the stem. The oil yield is high

but poor in citral content (60-75%). The
oiI IS also poor in solubility

\‘QWE}}. @

Cymbopogan citrates

It is known as West Indian and American
lemon grass. It is stem less perennial grass
with numerous stiff tillers arising from
shoot rhizomatous root stocks making
large tussocks. It seldom flower in
cultivation.

Cymbopogan pendulus

It is known as Jammu lemon grass. It is
white- stemmed and dwarf in stature. The
plant is frost resistance and suited to sub
Himalaya areas of northern India.
Cymbopogan khasianus

It is discovered recently and is important
for its geraniol content.

Varieties

Pragathi, Nima, Cauvery, Krishna,
84, Sugandhi (OD- 19), ODP-1
Soil

It is generally grown on poor soils along
hill slopes; though it flourishes on a

NLG
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variety of soils ranging from rich loam to
poor laterite. This grass grows best on well
drained sandy loam soil. Calcareous and
waterlogged soil should be avoided as they
are unsuitable for its cultivation.

Climate

It requires a warm humid climate with
plenty of sunshine and a rain fall ranging
from about 2000-2500mm, well distributed
over the year. In areas where rainfall is
poor; it requires irrigations. This crop is
well suited for rainfed agriculture. It grows
well at altitudes between 1000 to 1200
meter.

Propagation

Lemon grass is generally propagated
through seeds, vegetative propagation and
rooted slips. It is reported that both the
seedling and rooted slips performed
equally well; with respect to growth and
yield. But due to the high cost of
transplanting, direct seeding is wildly
practiced.

For raising the crop direct seeding a seed
rate of 20-25 kg is recommended. While
sowing the seeds must be thoroughly
mixed with dry river sand in a ratio of 1: 3
to ensure the uniform distribution of seeds
during sowing.

Nursery raising

For raising the seedling required for
planting 1 ha of land 1000 m? area is
required. The nursery area is well prepared
and raised beds of 1 to 1.5m width and of
convenient length are made. The
recommended seed rate is 3 to 4kg/ha. The
seeds are uniformly broadcasted in the
beds and are covered with a thin layer of
soil, followed by watering at regular
intervals. The seeds collected during the
months of January-February are usually
sown in the nursery during April - May

Vol. 7, No. 6, Issue: June 2020
Planting
The field is prepared by repeated

ploughing and harrowing and beds of 1 to
1.5 m with and convenient length are made
with a spacing of 30 to 50 cm between
beds. Three to four leaved 50 - 70 day-old
seedlings are planted during the monsoon
season. A spacing of 30x30 cm with a
plant density 1, 11, 000/ha is
recommended. A wider spacing of 60x45
cm for seedlings and 90x60cm for slips

have been recommended for fertile,
irrigated land under north Indian
conditions.

Manures of fertilizers

Lemon grass is an exhaustive crop and it
requires a heavy dose of fertilizers ie 275
kg N, 25 kg P205 and 175 kg
k2o/ha/annum.  Under south  Indian
condition it was found that an application
of 100 kg N in 3 to 4 split doses was found
to be optimum; though a response upto
200 kg was recorded.

Intercultural

The earthing-up of the plant after about 4
months of planting and again after every
harvest is beneficial, as the root region of
lemon grass has a tendency to grow above
the soil. The field is kept stubble free
generally 2-3 weeding are necessary
during the year. Herbicide, Diuran@1.5 kg
a.i. /ha and oxyflurofen@1.5kg a.i./ha are
effective for weed control Interculturing
can be done by a tractor-dawn cultivator or
a hand-held hoe in row planted crop.
Irrigation

After planting of seedling or slips in the
field; if there are no rains the crop should
be irrigated every alternate day for about a
month. It is recommended that 4 to 6
irrigations are given during the period
February to June under north India
condition, for an optimum growth and oil
yield.

© Published by Tropical Forest Research Institute, Jabalpur, MP, India

26



Van Sangyan (ISSN 2395 - 468X)

Vol. 7, No. 6,

Issue: June 2020

Pests and Disease

Insect and nematode pests' infestation is
very low for this crop. However the
infestation by  spindle-bug  (Clovia
bipunctata from south India and sever
damage by the stemboring caterpillar of
chilotrea under north Indian conditions
have been reported. Spraying with
Malathion (0.2%) can control the insects.
Nematodes have also been found to infect
grass; but the extent of damage to the crop
is not known.

Diseases

Several diseases are reported to lemon
grass, but none are serious enough to a
cause major reduction in oil yield. Little
leaf, malformation of inflorescence is
reported to reduce the seed yield. Leaf
spots, leaf blight smut, grey blight, clump
rot, root rot, leaf-speck are some other
diseases reported. These leaf diseases can
be controlled by prophylactic sprays of
Diethane M-45 and Diethane Z-78 @
3G/lit trice, at intervals of 15 days.
Harvesting and yield

The lemon grass crop is perennial in nature
and gives good vyield for 5 years.
Harvesting is done by cutting the grass 10
cm above the ground level. During the first
year of planting, 3 cutting are obtained and
subsequently 5-6 cuttings per year are
taken subject to weather condition. The
harvesting season begins in May and
continuous till end of January. The first
harvest is done about 90 days after
planting.

The interval from sowing to harvest exerts
a considerable influence on the yield and
quality of oil. Both immature and over
matured grass gives a lower quality of oil.
A herbage vyield of 15t/harvest and
recovery of oil about 0.3 to 0.5% from
fresh grass. The oil is extracted by steam-
distillation. An oil-yield of about 350-400

kg/ha from the second years onwards is
considered satisfactory.

The following factors influence the oil
production during distillation:

(1) Storage of the plant material

(2) Treatment of the material

(3) The method of distillation

e The major source of loss is by
oxidation and rensification of the
essential oil. So if the herb material
Is to stored before processing, it
should be kept in a dry atmosphere
within limited air circulation.

e The cut- grass when stored in a
shade can increase the oil recovery
up to 96 hours and storages for a
further period will only decrease
the oil yield.

e The essential oils are enclosed in a
oil glands; oil- sacks and glandular
hairs of the plant. Therefore, before
distillation the herb material must
be cut into small pieces to enables
them to directly expose as many oil
glands as is practically possible.

e Once the herb material has been
reduced in size, it must be distilled
immediately. Otherwise the
essential oil, being volatile, will be
lost by aerial evaporation.

e Dipping the chopped lemon grass
in sodium chloride solution for 24
hours at 1-2 % concentration
before distillation has been found
to increase the citral content

Utilization of spent material

e The plant residue thrown out after
the extraction of the essential oil is
called spent material of lemon
grass.

e Cattle relish it when it is hot or is
converted into silage by adding a
dilute solution of molasses.
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e It is also a excellent source of
manure it is applied either after
composting or in the form of ash
by burning.

e The waste lemon grass also used a
fuel for distillation after drying.

e It is also a cheap packaging
material for glass ware or other
fragile objects.

Chemical composition of essential oil of
lemon grass

The gas chromatographic analysis of oil
showed the presence of the terpinene
(0.5%), beta terpineol (0.40%), alpha
terpineol  (2.25%) triphenyle acetate
(0.90%) borneol (1.90%) gereniol+ nerol
(1.50%), citral-b (27.7%) , citral-a
(46.60%), farnesol (12.80%) and farnesal
(3.00%) with rest being unidentified
compounds.

Commercial uses of essential oil

e The essential oil of lemon grass is
mainly used in the manufacturing

Vol. 7, No. 6, Issue: June 2020

of perfumes for soaps, hair oils,
scents and medicines. It has also
antibacterial properties

e lonone prepared from the citral
present in lemon grass oil is one of
the most important raw materials
for the preparation of vitamin A.

e It is also use in perfumery; lonone
IS used in certain types of
confectionery and liquors. The oil
can be used to improve the flavors
of some fish and can be used to
flavour wines and sauces.

e The essential oil can also used for
headaches,  toothaches,  baths,
fomentations, as a diuretic agent
for fever and as an insect repellent
especially mosquito and house
flies.
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Introduction

Muskdana belongs to family Malvaceace,
popularity Known as musk mallow yields
musk like scented seeds. Its seeds yield an
essential oil, contain mainly ambrettolic
acid, and give a strong flowery musky
brandy-like odour of remarkable tenacity
because of the presence of ambretollide,
macrocyclic lactose in the seed coat.
Vernacular names

Sanskrit-Lata Kasturika, Hindi-
Muskidana, Lata Kasturi, Tamil- Kattu
kasturi, Malyalam- Villilai kasturi, katta
kasturi,  Bengali-Muskdana,  Marathi-
Muskbhindi, Telgu-Kasturi benda vittalu,
Kannada- Kadukasturi, English-
Maskmallow, Trade- Muskdana

Botanical description

Muskdana is an erect hirsute or hispid
annual herb attends a height up to 180-190
cm; stem possesses long deflexed hairs,
leaves simple, polymorphous, cordaite, the
lower ovate, acute or rowdish angled,
upper palmately 3-7 lobed, divided nearly
to the base. Flowers are long usually
solitary, axillary, mucilaginous hairy,
yellow with purple centre Seeds are scent
sub- reniform greenish brown in colour
with numerous raised brown striate.

Soil climate

Muskdana crop prefers well drained fertile
rich loam to sandy loam soil. Clayey and
sandy soil, waterloged conditions are not
good for its proper growth. It requires
tropical warm and humid climate and
canbe grown up to 1000m altitude. It

required sufficient rainfall during growth
but compartivity dry weather during
flowering and fruiting stages. The
optimum temperature ranges between 20-
28° C which is best suitable for vegetative
growth.

Soil Preparation

The land should be ploughed twice and
field should be cleaned thoroughly of

™ S\N/SH 4

weeds before cultivation of muskdana 15-
20 t. of FYM/ha may be incorporated in to
the soil at the time of last ploughing.

Mode of propogation

Muskdana is propagated by seeds

Sowing

The seeds are sown in early June for better
growth 5 kg seeds are required for sowing
one hectare land under irrigated
conditions. Seed are sown about 2-2.5 cm
deep in rows in well prepared field.
Manures and fertilizers

A fertilizers dose of 120 kg N: 100 kg
P,Os and 75 kg K,O is recommended for
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obtaining good vyield. The Nitrogen when
applied in split dose during growth stages
gives good responses in terms of seed
yield per hectare.

Irrigation

If monsoon rains are regular and sufficient,
usually no irrigation is given till
December; Irrigation at one month's
interval may be given after that, to meet
out the water requirements of the crop.
Intercultural

During early stages of crop growth,
weeding cum hoeing is done at 3-4 week
intervals for 3 months. Thereafter crop
becomes tall and do not allow the seasonal
annual weeds to grow for competition the
crop growth.

Pest and Disease

A number of pest and disease are reported
to affect this crop from the time of
germination to fruit ripening stages. The
foliar application of Dimethoate etc
reduces the risks of aphids, thrips, and
pink bollworms. Similarly, foliar spray of
0.5% Diethane z-78 can control several
disease of muskdana which cause
reduction in yield.

Harvesting and storages

The crop is a kharif season crop and sown
in June and begins to flowers in October
and the fruit setting is almost simultaneous
which continues till April. The crop is
matured within 6-7 months. As soon as the
fruits attend blackish colour the mature
fruits are plucked and seeds are taken out
manually as otherwise seeds fall off.

Yield

The averge yield of seeds ranged between
8-10 g/ha.

Chemical constituents

Leave; flowers and seeds of the plant
contains betasitosterol and its glucosides
campestrol,  stigmasterol;  cholesterol,
ergosterol. The seed contains an essential

oil (0.3%) which is comprised up of
sesquiterpene alcohol arnesol, lactone
ambrettolide and ambrettolic acid.
Medicinal uses

Mushkdana seeds are used as tonic;
apphrodisiac, antiseptic, diuretic
Stomachic, demulcent and carminative
They allay thirst, check vermitting and
care disease due to kapha and vata and
also useful in treating intestinal disorders,
dyspepsia, urinany discharge, nervous
debility, hysteria and skin diseases like
itch and leucoderma The leaves and roots
are useful for treating gonorrhea. Aqueous
and raw infusions of seeds are used for
intestinal worms snake bite, rhuematism,
flu asthma. Its seeds absorbent capacity
inactivates snake venom. The root powder
is used to poultice boils and swelling
muskdana seeds are mixed with coffee as a
flavouring agent, Besides seeds are also
used to protect woolen cloths against moth
and impart musky odour to sachet hair
powder, pan masala and aganbatti etc.
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Changing climate with changing Sun
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Since it is the Sun's energy that drives the
weather  system, scientists naturally
wondered whether they might connect
climate changes with solar variations. Yet
the Sun seemed to be stable over the
timescale of human lifetimes. Attempts to
discover cyclic variations in weather and
connect them with the 11-year sunspot
cycle, or other possible solar cycles
ranging up to a few centuries long, gave
results that were ambiguous at best. These
attempts got a well-deserved bad
reputation. Jack Eddy overcame this with a
1976 study that demonstrated that irregular
variations in solar surface activity, a few
centuries long, were connected with major
climate shifts. The mechanism remained
uncertain, but plausible candidates
emerged. The next crucial question was
whether a rise in the Sun's activity could
explain the global warming seen in the 20"
century? By the 1990s, there was a
tentative answer: minor solar variations
could indeed have been partly responsible
for some past fluctuations but future
warming from the rise in greenhouse gases
would far outweigh any solar effects.

The Sun so greatly dominates the skies
that the first scientific speculations about
different climates asked only how sunlight
falls on the Earth in different places. The

very word climate originally stood for a
simple band of latitude. When scientists
began to ponder the possibility of climate
change, their thoughts naturally turned to
the Sun. Early modern scientists found it
plausible that the Sun could not burn
forever, and speculated about a slow
deterioration of the Earth's climate as the
fuel ran out. In 1801 the great astronomer
William Herschel introduced the idea of
more transient climate connections. It was
a well-known fact that some stars varied in
brightness. Since our Sun is itself a star, it
was natural to ask whether the Sun's
brightness might vary, bringing cooler or
warmer periods on Earth? As evidence of
such a connection, Herschel pointed to
periods in the 17™ century, ranging from
two decades to a few years, when hardly
any sunspots had been observed. During
those periods the price of wheat had been
high, he pointed out, presumably reflecting
spells of drought.

Speculation increased in the mid-19"
century, following the discovery that the
number of spots seen on the Sun rose and
fell in a regular 11-year cycle. It appeared
that the sunspots reflected some kind of
storminess on the Sun's surface violent
activity that strongly affected the Earth's
magnetic field. Astronomers also found
that some stars, which otherwise seemed
quite similar to the Sun, went through very
large variations. By the end of the century
a small community of scientists was
pursuing the question of how solar
variability might relate to short-term
weather cycles, as well as long-term
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climate changes. Attempts to correlate
weather patterns with the sunspot cycle
were stymied, however, by inaccurate and
unstandardized weather data, and by a lack
of good statistical techniques for analyzing
the data. Besides, it was hard to say just
which of many aspects of weather were
worth looking into.

At the end of the 19" century, most
meteorologists held firmly that climate
was stable overall, about the same in one
century as in the last. That still left room
for cycles within the overall stability. A
number of scientists looked through
various data hoping to find correlations,
and announced success. Enthusiasts for
statistics kept coming up with one or
another plausible cycle of dry summers or
cold winters or whatever, in one or another
region, repeating periodically over
intervals ranging from 11 years to several
centuries. Many of these people declined
to speculate about the causes of the cycles
they reported, but others pointed to the
Sun.

Confusion persisted in the early decades of
the 20" century as researchers continued to
gather evidence for solar variation and
climate cycles. For example, Ellsworth
Huntington, drawing on work by a number
of others, concluded that high sunspot
numbers meant storminess and rain in
some parts of the world, resulting in a
cooler planet. The present variations of
climate are connected with solar changes
much more closely than has hitherto been
supposed, he maintained. He went on to
speculate that if solar disturbances had
been magnified in the past, that might
explain the ice ages.

Meanwhile an  Arizona astronomer,
Andrew Ellicott Douglass, announced a
variety of remarkable correlations between
the sunspot cycle and rings in trees.

Douglass tracked this into past centuries
by studying beams from old buildings as
well as Sequoias and other long-lived
trees. Noting that tree rings were thinner in
dry years, he reported climate affects from
solar variations, particularly in connection
with the 17M-century dearth of sunspots
that Herschel and others had noticed.
Other scientists, however, found good
reason to doubt that tree rings could reveal
anything  beyond random regional
variations. The value of tree rings for
climate study was not solidly established
until the 1960s.

Temperature change in the last 50 years

2010-2019 average vs 1951-1978 baseline (°C)

T T T .

10 -05 -02 +0.2 +0.5 +1.0 +2.0 +4.0
Through the 1930s the most persistent
advocate of a solar-climate connection was
Charles Greeley Abbot of the Smithsonian
Astrophysical Observatory. His
predecessor, Samuel Pierpont Langley,
had established a program of measuring
the intensity of the Sun's radiation received
at the Earth, called the “solar constant.”
Abbot pursued the program for decades.
By the early 1920s, he had concluded that
the solar "constant" was misnamed: his
observations showed large variations over
periods of days, which he connected with
sunspots passing across the face of the
Sun. Over a term of years the more active
Sun seemed brighter by nearly one
percent. Surely this influenced climate. As
early as 1913, Abbot announced that he
could see a plain correlation between the
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sunspot cycle and cycles of temperature on
Earth. Self-confident and combative,
Abbot defended his findings against all
objections, meanwhile telling the public
that solar studies would bring wonderful
improvements in weather prediction. He
and a few others at the Smithsonian
pursued the topic single-mindedly into the
1960s, convinced that sunspot variations
were a main cause of climate change.
Other scientists were quietly skeptical.
Abbot's solar constant variations were at
the edge of detectability if not beyond.
About all he seemed to have shown for
certain was that the solar constant did not
vary by more than one percent, and it
remained an open question whether it
varied anywhere near that level. Perhaps
Abbot was detecting variations not in the
solar constant, but in the transmission of
radiation through the atmosphere. Still, if
that varied with the sunspot cycle, it might
by itself somehow change the weather.

The study of cycles was popular in the
1920s and 1930s. By now there were a lot
of weather data to play with, and
inevitably people found correlations
between sunspot cycles and selected
weather patterns. Respected scientists and
over-enthusiastic ~ amateurs  announced
correlations that they insisted were reliable
enough to make predictions.

Sooner or later, every prediction failed. An
example was a highly credible forecast
that there would be a dry spell in Africa
during the sunspot minimum of the early
1930s. When that came out wrong, a
meteorologist later recalled, the subject of
sunspots and weather relationships fell into
disrepute, especially among  British
meteorologists who  witnessed  the
discomfiture of some of their most
respected superiors. Specialists in solar
physics felt much the same. As one of

them recalled, purported connections with
weather and climate were uniformly
wacky and to be distrusted there is a
hypnotism about cycles that draws all
kinds of creatures out of the woodwork.
By the 1940s, most meteorologists and
astronomers had abandoned the quest for
solar cycles in the weather. Yet some
respected experts continued to suspect that
they did exist, lurking somewhere in the
data.

Sun could affect climate on much longer
timescales. During the 1920s, a few people
developed simple models that suggested
that even a modest change in solar
radiation might set off an ice age, by
initiating self-sustaining changes in the
polar ice. A leading British meteorologist,
Sir  George Simpson, believed the
sequence of ice ages showed that the Sun
is a variable star, changing its brightness
over a cycle some 100,000 years long.
There has always been reluctance among
scientists to call upon changes in solar
radiation to account for climatic changes.
The Sun is so mighty and the radiation
emitted so immense that relatively short
period changes have been almost
unthinkable. But none of the terrestrial
causes proposed for ice ages was at all
convincing.

The eminent astrophysicist Ernst Opik
wrote that none of the many explanations
proposed for ice ages was convincing, So
we always come back to the simplest and
most plausible hypothesis: that our solar
furnace varies in its output of heat. Opik
worked up a theory for cyclical changes of
the nuclear reactions deep inside the Sun.
The internal fluctuations he hypothesized
had a hundred-million-year timescale that
seemed to match the major glacial epochs.
Manwhile, within a given glacial epoch "a
kind of ‘flickering' of solar radiation” in
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the Sun's outer shell would drive the
expansion and retreat of ice sheets. In the
1950s, when reviews and textbooks listed
various possible explanations of ice ages
and other long-term climate changes,
ranging from volcanic dust to shifts of
ocean currents, they often invoked long-
term solar variation as a particularly likely
cause. The problem of predicting the
future climate of Planet Earth would seem
to depend on predicting the future energy
output of the sun.

Meanwhile some people continued to
pursue the exasperating hints that minor
variations in the sunspot cycle influenced
present-day weather. Sunspot variations,
the only possible single factor of climatic
control which might be made to account
for all of these variations. Others thought
they detected sunspot cycle correlations in
the advance and retreat of mountain
glaciers. Willett admitted that the physical
basis of any such relationship must be
utterly complex, and is as yet not at all
understood. Climate changes could be due
to solar variation in the ultraviolet of the
sort which appears to accompany sunspot
activity. As another scientist had pointed
out a few years before, ultraviolet radiation
from the explosive flares that accompany
sunspots would heat the ozone layer high
in the Earth's atmosphere, and that might
somehow influence the circulation of the
lower atmosphere.

In the 1950s and 1960s, instruments on
rockets that climbed above the atmosphere
managed to measure the Sun's ultraviolet
radiation for the first time. They found the
radiation did intensify during high sunspot

years. However, ultraviolet light does not
penetrate  below  the  stratosphere.
Meteorologists found it most unlikely that
changes in the thin stratosphere could
affect the layers below, which contain far
more mass and energy. Still, the
hypothesis of atmospheric influence
remained alive, if far from healthy.

A few scientists speculated more broadly.
May be weather patterns were affected by
the electrically charged particles that the
Sun sprayed out as solar wind. More
sunspots throw out more particles, and
they might do something to the
atmosphere. More indirectly, at times of
high sunspot activity the solar wind pushes
out a magnetic field that tends to shield the
Earth from the cosmic rays that rain down
from the universe beyond. When these
rays penetrate the upper reaches of the
atmosphere, they expend their energy
producing sprays of charged particles so
more sunspots would mean fewer of these
particles. Either way there might be an
influence on the weather. Meteorologists
gave these ideas some credence. But the
solar wind and ultraviolet carried only a
tiny fraction of the Sun's total energy
output. If they did influence weather, it
had to be through a subtle triggering
mechanism that remained altogether
mysterious. Anyway Vvariations connected
with sunspots seemed likely to bear only
on temporary weather anomalies lasting a
week or so (the timescale of variations in
sunspot groups themselves), not on long-
term climate change.
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