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From the Editor’s desk
Sustainable agricultural systems depend on agroecological processes that promote soil fertility 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 affordable 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. To 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 various 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 resilient rural livelihoods.
Drawing on the most recent science and case studies, especially from the work of the World Agroforestry Centre (ICRAF) and its
partners, this chapter explores the contributions of agroforestry to the management of agricultural landscapes and the
strengthening of rural livelihoods, taking account of the fine-scale variation and heterogeneity that are a feature of these
landscapes. There is growing evidence from across the developing world that the adoption of agroforestry is helping to restore
the productivity and resilience of landscapes, as well as contributing to the goals of food, nutrition and income security for
smallholders and other vulnerable 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 people 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 to 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 demographics and changing consumption patterns.
In line with the above this issue of Van Sangyan contains an article on Agroforestry towards sustainable agroecosystem. There
are also useful articles viz. Celtis australis for fodder security in mid hills of Himachal Pradesh,
:
, Tulsi (Ocimum basilicum L.), Lemon grass (Cymbopogan flexuosus Nees ex steud wats), Muskdana (Abelmoschus

moschatus Medic) and Changing climate with changing Sun.

I hope that readers would find maximum information in this issue relevant and valuable to the sustainable
management of forests. Van Sangyan welcomes articles, views and queries on various such issues in the field of forest
science.
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 various 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
ecoenvironmental 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 selfsufficient 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 ecoenvironmental 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
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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 agroproduction 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 inputoutput 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 landuse 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.
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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 20th 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
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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
characteristics
and
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/m3
and specific gravity ranges between 0.61-
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0.71 respectively (Luna, 1996). Being a
good fuel wood with calorific value of
18.22 ± 0.29 KJ/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
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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. Invitro 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 silvihorticulture
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
2
g/m /annum in comparison to the natural
grasslands (300 g/m2 /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/ha/year 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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A

C

B

D

Fig. 1: Celtis australis: a. Tree b. Leaf c & 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-1
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
m3 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 IAA.
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:
 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.
 Small and marginal farmers can
utilize their farm bunds farm bunds
for planting of Celtis australis trees
for fodder security.
 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.
 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.
 C. australis tree can also be planted
near cattle shed or homestead by
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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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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
Varieties
(Telgu), English: Sweet basil, Common
There is two types of Ocimum are under
basil
cultivation: the Green type (Sri tulsi) is the
Botanical Description
most common; the second type (Krishna
Basil and Tulsi plant is an erect,
Tulsi) bears purple leaves and is preferred
herbaceous, much branched softly hairy,
in the trade for its higher potency of the
biennial or triennial plant, 30-90 cm high.
drug.
The leaves are elliptic -oblong, acute or
The genus ocimum can be broadly divided
obtuse, entire or serrate, pubescent on both
into two main groups viz basilicum group
sides, minutely glanddotted, the flowers
and sanctum group based on the basis of
are purplish or crimson, in racemos, close following differences:
whorled, the nutlets are subglobose or
broadly ellipsoid, slightly compressed,
nearly smooth, pale brown or reddish with
small black markings.
S.No.
Particulars
Basilicum Group
Sanctum Group
1.

Habit

Species are mostly
herbaceous perennials

Biennials or triennals or woody
perennial under shrubs.

2.

Flower

Bracts are petiolate flowers

Bracts are sessile Flowers are small
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3.

Characters

more conspicuous

Seed

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
Fresh
Oil
Name of The
Herb
S.No
Variety
yield
Species
yield
Kg/ha
(t/ha)
1.

RRLO. americanum
02

RRL07

4042

40

175
TO
200
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Non-mucilagenous
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:

Oil
Recovery Major
Other chemical
(F.W.
Constituents compound
basic %)
0.44

400
Kg

0.44

200

0.50

Methyl
chavicol

Methyl
Chavicol
(70-75%)

Citral
2.

O.basilimum

RRL-07 40

50

220

0.50

Linallol
(50%) and
Methyl
chavicol
(35%)

RRL-01 40

200

0.5

Linalool

RRL011

3.

O. canum

(75-80%)
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Linalool Geraniol
Borneol Edesmol
Caryophylleneoxide,
Linalyl
acetate
Y-cadenine
1,8
cineol
terpenol
Lemonene Ocimene
Pinene
Cineole
Geraniol Linalool
Camphor, Methyl
chavicol, Eugenol
Sesquiterpene
Methycinnamate
Ocimene
leaves
contain
Protein
Carbohydrate,
Volatile oil Fixed
oil,
Cellulose,
Mineral matter vit.
A, B and C
Linool,
pinene,

Campher
Elemal,
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4.

5.

O. gratissimum

RRL-08 40

160

Vol. 7, No. 6,
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Eugenol
(75-80%)
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Methyl
chavicol
Geranylacetate,
Linalyl
acetate,
Tricycline,
Myrcene Ocimene
and Boranyl actate
Ocimene, Myrcene,
Methyl chavicol

(O.gratissimum
RRL-15 40
O. x o. viride)

250

0.50

Eugenol
(75-80%)

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

O. viride

200

0.50

Thymol
(65-70%)

Thymol,
imonene,

Thymol
(65-70%)

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

RRL-08 42

RRL-09 42

200

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

0.50

d-

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 0C. 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 1520 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 P2O5
and 60 Kg K2O 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.
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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 yield 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
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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, α-pinene, β
-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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but poor in citral content (60-75%). The
Introduction
Lemon grass (Cymbopogan flexuosus Nees
oil is also poor in solubility.
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 Cymbopogan citrates
Lemon grass
It is known as West Indian and American
Botanical Description
lemon grass. It is stem less perennial grass
Lemon grass belongs to family poaceae
with numerous stiff tillers arising from
(Graminae) and the genus cymbopogan
shoot rhizomatous root stocks making
which has three identified species
large tussocks. It seldom flower in
Cymbopagan flexuous
cultivation.
It is known as east India, Cochin or
Cymbopogan pendulus
Malabar grass. Under this species two
It is known as Jammu lemon grass. It is
varities are identified based on the stem
white- stemmed and dwarf in stature. The
color.
plant is frost resistance and suited to sub
Cymbopogan flexuous Var. flexuosus
Himalaya areas of northern India.
The red grass locally known as chumanna
Cymbopogan khasianus
pullu. The stem is reddish; or purplish in
It is discovered recently and is important
colour. It is recognized as true lemon grass
for its geraniol content.
and is commercially cultivated. The citral
Varieties
content is very high (75-90) in essential oil
Pragathi, Nima, Cauvery, Krishna, NLG
although oil yield is poor.
84, Sugandhi (OD- 19), ODP-1
Cymbopogan flexuous Var. albescens
Soil
The White grass; locally known as
It is generally grown on poor soils along
vellapullu, is characterized by the white
hill slopes; though it flourishes on a
colour of the stem. The oil yield is high
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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 m2 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
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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 30×30 cm with a
plant density 1, 11, 000/ha is
recommended. A wider spacing of 60×45
cm for seedlings and 90×60cm 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 P2O5 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.
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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 yield 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 yield of 15t/harvest and
recovery of oil about 0.3 to 0.5% from
fresh grass. The oil is extracted by steamdistillation. An oil-yield of about 350-400
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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
 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.
 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.
 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.
 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.
 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
 The plant residue thrown out after
the extraction of the essential oil is
called spent material of lemon
grass.
 Cattle relish it when it is hot or is
converted into silage by adding a
dilute solution of molasses.
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It is also a excellent source of
manure it is applied either after
composting or in the form of ash
by burning.
 The waste lemon grass also used a
fuel for distillation after drying.
 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
 The essential oil of lemon grass is
mainly used in the manufacturing
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of perfumes for soaps, hair oils,
scents and medicines. It has also
antibacterial properties
Ionone prepared from the citral
present in lemon grass oil is one of
the most important raw materials
for the preparation of vitamin A.
It is also use in perfumery; Ionone
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.
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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required sufficient rainfall during growth
Introduction
Muskdana belongs to family Malvaceace,
but compartivity dry weather during
popularity Known as musk mallow yields
flowering and fruiting stages. The
musk like scented seeds. Its seeds yield an
optimum temperature ranges between 20essential oil, contain mainly ambrettolic
280 C which is best suitable for vegetative
acid, and give a strong flowery musky
growth.
brandy-like odour of remarkable tenacity
Soil Preparation
because of the presence of ambretollide,
The land should be ploughed twice and
macrocyclic lactose in the seed coat.
field should be cleaned thoroughly of
Vernacular names
Sanskrit-Lata
Kasturika,
HindiMuskidana, Lata Kasturi, Tamil- Kattu
kasturi, Malyalam- Villilai kasturi, katta
kasturi, Bengali-Muskdana, MarathiMuskbhindi, Telgu-Kasturi benda vittalu,
KannadaKadukasturi,
EnglishMaskmallow, 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
weeds before cultivation of muskdana 15lower ovate, acute or rowdish angled,
20 t. of FYM/ha may be incorporated in to
upper palmately 3-7 lobed, divided nearly
the soil at the time of last ploughing.
to the base. Flowers are long usually
Mode of propogation
solitary, axillary, mucilaginous hairy,
Muskdana is propagated by seeds
yellow with purple centre Seeds are scent
Sowing
sub- reniform greenish brown in colour
The seeds are sown in early June for better
with numerous raised brown striate.
growth 5 kg seeds are required for sowing
Soil climate
one hectare land under irrigated
Muskdana crop prefers well drained fertile
conditions. Seed are sown about 2-2.5 cm
rich loam to sandy loam soil. Clayey and
deep in rows in well prepared field.
sandy soil, waterloged conditions are not
Manures and fertilizers
good for its proper growth. It requires
A fertilizers dose of 120 kg N: 100 kg
tropical warm and humid climate and
P2O5 and 75 kg K2O is recommended for
canbe grown up to 1000m altitude. It
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obtaining good yield. 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 q/ha.
Chemical constituents
Leave; flowers and seeds of the plant
contains betasitosterol and its glucosides
campestrol, stigmasterol; cholesterol,
ergosterol. The seed contains an essential
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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
Rekha Agarwal
Government Science College
Old Robertson College, Estd.-1836
Jabalpur (MP)

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 20th
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 17th 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-19th
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 19th 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 20th 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.
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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 17th-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.

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
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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 Öpik
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. Öpik
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 longterm 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

Vol. 7, No. 6,

Issue: June 2020

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 variations 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 longterm climate change.
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