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PREFACE

Agriculture has always been the backbone of civilization, sustaining populations and
shaping societies. From ancient practices of crop rotation to the Green Revolution, every
era has brought innovations that have transformed the way we produce food. Today, we
stand at the cusp of a new revolutienone driven by technology, data, and a deeper
understanding of our environment.
"Precision Agriculture: Bridging Technology and Tradition" is a book that delves into this
transformative era where ageld agricultural practices meet cuttingedge technology.
The objective is not just to introduce new tools and methods, but to illustrate how these
innovations can harmonize with traditional farming wisdom, creating a sustainable and
efficient future for agriculture.
Precision agriculture, at its core, is about accuracysing data to guide farming
decisions, reduce waste, optimize resources, and increase yields. Yet, it is also about
maintaining the delicate balance between innovation and the rich heritage of farming
practices that have sustained humanity for millennia. This book seeks to bridge the gap
between the digital and the practical, offering insights into how farmers, researchers, and
technologists can collaborate to enhance food production while respecting the
environment and preserving cultural traditions.
As you journey through these pages, you will explore the many facets of precision
agriculture, from satellite imagery and GR&uided equipment to soil sensors and machine
learning algorithms. However, beyond the technology, this book also emphasizes the
importance of human knowledge and experierccelements that are as critical to
successful farming as any piece of hardware or software.
The chapters ahead bring together contributions from leading experts in the field, offering
both theoretical insights and practical applications. Whether you are a farmer looking to
modernize your practices, a student entering the world of agronomy, or a policymaker
shaping the future of food production, this book aims to provide the knowledge and tools
necessary to navigate the complexities of modern agriculture.
In an era where the global population is increasing, and environmental challenges are
mounting, precision agriculture offers a beacon of hope. By marrying technology with
tradition, we can ensure that agriculture remains not only productive but also resilient
and sustainable for generations to come.
We invite you to explore the innovative world of precision agriculture, where tradition
meets technology, and where the future of farming is being cultivated today.

Editor s
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GIS BASED EVALUATION OF SOIL IRRIGABILITY AND LASBPABILITY

FOR AGRICULTURAL SUSTAINABILITY AFFECTED BY FLY ASH
Subhas Adak
Agricultural Training Centre & State Agricultural Management and Extensiohraining
Institute, Ramakrishna Mission Ashrama, Narendrapur,
Kolkata-700103, West Bengal, India.

Corresponding authorE-mail: subhas.adak2014@gmail.com

Abstract:

Silt is found more in the adjacent area (<4km) of coal based Kolghat thermal power plant
in the KolaghaBlock, Purba Medinipur, West Bengal, whereas clay is rich for the rest of block
area. Water holding capacity is little bit higher (54.4%) in the site close to power plant than the
remaining area (53.01%). Calcium carbonate content (1.03%), electric conductivityl GO}
and exchangeable sodium percentage (3.95%) are also influenced by fly ash while these are
0.88%, 0.124i1Sm* and 3.37% respectively for the area (>4km) outside of impact zone. Gypsum
status (1.54%) and infiltration rate (0.314 ct).ln further location (>4km) compared to the
nearer area (0.4% and 0.3 crhiespectively). Cation exchange capacity (16.38cmd).kigase
saturation (88.9%) are found more in the surrounding area (<4km) whereas these are
13.09cmol.kgt and 84.23% respectively for the rest of area. Organic carbon is comparatively
less (0.52%) in the plant site. The land near to thermal power plant is moderately suitable for
irrigation with limitation of organic carbon (<0.75) and alkalinity (pH>7) while the drainage is
the limiting factor for the remaining area. The surrounding land is capable for moderately good
for cultivation with limitation of soil and climate. This evaluation precisely designed by GIS
technology suggests the best alternative uses of land for environmental and agricultural
sustainability as well as the improvement of semsonomic profile of the agrarian community.
Keywords: Fly Ash, Land Capability, Soil Properties, Soil IrrigabilitglS Technology,
Sustainability
Introduction :

Land represents an important resource in the world. The way people handle and use land
resource is decisive for their social and economic-tagithg as well as for the sustained quality
of land resources. Land use however is not only a realm of those directly using it; it is exposed to
a part of the wider reality of social and economic development and change. Land use therefore is

a highly dynamic proceskand includes both soil and topography with the physical features of a
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given location. It is also regarded as space, factor of production in economic processes,
consumption goods, situation, property and capital. Increase in population is mounting pressure
on land. Land is not used for agriculture but also required for industrialization and urbanization.
Electricity is stretching its hand to ignite the expedition of these processes of modern
civilization. 65% electricity is coming from the thern@wer plant of which coal fired power

plant is contributing 61.32% in India ad % in the world All India Installed Capacity of

Utility Power Stations2016. KolaghatThermal Power PlanKTPP) is based on coal fuel out

of 132 in India and 13 in West Bengdll(India Installed Capacity of Utility Power Stations
2016.The Power Plant is situated at228 6 16 0 N5 and28F on the rigt
Rupnarayan river in the district of Purthdedinipur, West Bengal. The present electricity
generating capacity of KTPP is 1260 MW. The plant produces-8800 metric ton of ash

every day by consuming a total of 18000 ton of coal. The Power Plant emits considerable
amount of fly ash. For usual disposal of ash one acre of land is required for one megawatt
electricity produced in the whole life of the plant that is about 30 yearsh&&TPP requires

1260 acre of land for the disposal of ash generated in its life time. At present the plant has only
325 acre of land located® km away from it. The fly ash which is coming out of the chimneys
generally subsides in the surrounding areas generally43km away (Adaket al., 2016;
Dasgupta and Pau2011).It influences the land feature in the surrounding area and crop yield
also is decreasing due to fly ash in the village Borodangi of Kolaghat block within 4km from
KTPP (Dasgupta and Pa@011). It is perceted that land characteristics have been affected by
the fly ash. Fly ash addition to the soilaciges the physical properties of soil such as texture,
water holding capacity hydraulic conductivity and particle size distribution (Shetraig2002).

The adverse impact of fly ash on soil properties was observed by Adbiaalg (2002). The
application of coal ash gave higher percentages of base saturation; representing moderate to high
levels of base saturation duririge study on utilization of coal ash to improve acid soil was
carried out in a greenhouse at the Land Development Regional Offfeghiium Thani Province,
Central Thailand, from JanuaMay 2003 (Im-Erb et al., 2004. Patil and Katpatal (2008)
studied the Chandapur district of Maharastra, India, in the concern of coal mines and its impacts
on surroundings. Mishrand Mohanty (2010) conducted research on site specific conservation
plan for thermal power plant in Naraj of Cuttack, Orrisa. They observed impact of coal fired
thermal power plant and suggested conserving meadaorpact of coal based thermal power
station especially on agritture has been studied by Arun and Mauya (2008)dhapachare
(2009) conducted cumulative agricultural impact assessment of the upcoming thermal power
plants in Chandrapur district of Maharashifae unfavourale environment around the Kolaght
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thermal power plant hinders the life supporting system and-gocioomic development of the
farming community of the block. This intensifies the risk of jeopardizing the agricultural
sustainability in the area. Proper evaluation of land irrigability and land capability may guide to
restore the natural resources for the sustainable agriculture. Geographical Information System
(GIS) is used for collecting, storing, retrieving, transforming, answering queries and displaying
spatial data for effective evaluation of land resources (Burrdl@86; Kapetsky and Travaglia
1995).Land resource evaluation analysis determines whether the requirements of land use are
adequately met by the properties the land (Bandyopadhyagt al., 2009). Using GIS
technology evaluation of land irrigability and land capability has been conducted for natural
resource planning and managemeéfirfaret al.,2002:Bhandariet al.,2014). To improve the
socice conomi c status of rur al agrariansao so
sustainability, the land evaluation should be conducted in the area for judging the best
potentiality of land and irrigation suitability.

The main objectives of the study:

To determine physical properties of soil around the thermal power plant

To understand wetness of soil of the land

To describe the surface feature and chemical properties of soil

= =4 =4

To evaluate the land irrigability, soil irrigability and land capability around the power
plant.

1 To use GIS technology for data management and pictorial presentation

1 To predict the best alternative use of landdgricultural sustainability
Materials and Methods

The data were collected from field survey by using soil survey method (Soil Survey Staff

1999). Mouza map and block map were used to estimate the different area. The cultivated areas
under different crops were collected from field survey in 2011, 2013 and 2015. Information of
total geographical area and agricultural land were collected from the office of Assistant Director
of Agriculture, Kolaghat, Government of West Bengal, India. The Kolaghat block is divided into
thirteen circles mentioned by gram panghta (Fig. 1). Soil samples (130 nos.) were collected
from all the circles on the basis of 1: 100000 map scale and their characteristics were evaluated.
The particles size distribution (sand, silt, clay) was determined by hydrometer method (Buoycos
1962). Electrical conductivity (EC) of soil samples were estimated in the ratio of 1: 2.5: soil:
water (Richard1954). Water holding capacity was determined by using Kaornkowski boxes

(Piper, 1966).Percentage of Gypsumwas estimated by measuring electrmnductivity and
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plotting on EC curve with known concentration of gypsum (Saydhl., 1978).Percentage of
calcium carbonate was determined by titration against hydrochloric Jmlson1962. Cation
exchange capacity (CEC) was estimated mixed indicatthod, respectively (Jackson 1967).
Exchangeable sodium was estimated by flame photometer (HesseBSPE)Exchangeable Na
(meq/100 g soil)/CEC(meqg/100 g soil) was measured by putting the values of fateese (
1971). Infiltration rate of soil was measured by using double ring infiltromet&rsefican
Society for Testing and Materials 2Q008and capability was assessed on the basis of different
factors (Klingebiel and Montogomere961; Syset al., 1993). Land and soil irrigability was
evaluated (USBR1953; Syset al., 1993). With the help of GIS, various crops suitability was
produced (BurroughL986).

A. Location of the study area

LOCATION OF THE STUDY AREA
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Results and Discussion
Evaluation of soil and land irrigability

Irrigability denotes the suitability of soils or land for irrigation purpose. The overall slope
of the block is medium ¢B8%) to low (G1%).
Physical properties of soils around KTPP

Soils of Kolagat block are having texture from silty loam to clay loam (Table 1). In the
adjacent area of Kolaghat thermal power plant (<4km) soil texture is silty loam except in
Sagarbarh where silty clay loam is found whereas the rest area of block (>4km) shows clay rich
soils. It suggests that soils around the KTPP have been affected by the fly ash that is having
sandy silt to silty loan soil texture.

The addition of fly ash changes soil texture with rich silt cont8hafmaet al., 2002.
The fly ash which is coming out of the chimneys generally subsides in the surrounding areas
generally 3i 4 km away (Adaket al., 2016; Dasgupta and Pa@011). Soils throughout the
block are more than 150cm deep. Soil depth is not a limiting factor for the area. Water holding
capacity is roving from 56.3% to 51.3% throughout the study area. In the adjacent area (<4km)
including the circles Kold, Kola-Il, Gopalnagar, Sagarbarh, Amalhanda and Pulsita of thermal
power plant the average WHC is little bit higher than the rest The fly ash increases the water
holding capacity of soilsSharma and Kalt&2006). This implies that fly ash coming from the
power plant is affecting the soil properties in the surrounding areas (<4km).
Chemical properties of soils

The chemical properties which are included for evaluationrrafability have been
described. Percentage of calcium carbonate is roving from 0.95% to 1.2% in the nearer area
(<4km) from KTPP whereas it is ranging from 0.8% to 0.95% for the rest (>4km) of the total
geographical area. It indicates that fly ash subsiding on the adjacent area (<4km). It has been
observed that gypsum content (%) within the impact area is lower {0.2%) that the outside
of affected area. The percentage of gypsum is betw&eant 2.0 in the rest area (>4km). It
suggests that fly ash is affecting the gypsum content (0.4%) of soil in the surrounding area
(<4km). Electrical conductivity is not in critical (<2dSH All the circles of Kolaghat are
showing normal EC but in radius of 4km from KTPP it is little higher (@BAdSm'") than the
rest (0.110.14dSm") of the block. A significant increase in EC has been reported with increase
in percentage of fly ash addition (Sharma and Kalra 2006). Alkaah&e of fly ash is affecting
the chemical property of the soils of adjacent dfatak et al.,2016; Bastet al.,2009; Singhet
al.,, 1995). Exchangeable sodium percentage is another key factor for evaluation of soil
irrigability. This is within the limit of the salinity (<6%). The ESP is revolving from 3.1 % to
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4.3% throughout the block. The nearer circles of Kolaghat block show the average ESP little bit
higher (3.95%) than the rest circles (3.37%) of the block. These results imply that the fly ash is
affecting the soil properties of the area within 4 km of KTPP.

Table 1 Soil properties around the thermal power plant areas

Circlebd Physical Properties of Soll Chemical Properties of Soll Wetness
)
- 2 |2 |2
g e |6 |E€ |E |5 |5 |8 |8 &%
S 518 |¢ |8 5&|= |s 85 |E¢
| @ = 3 < i Zs5 £
- $) (_>r)‘ L -

Kolarl Mle_g'oim sil | 150+ | 55.3 | 1.1 | 03 | 028 | 4.2 | moderate| 0.2
Kola-ll Mf_g'(;om sil | 150+ | 55.8 | 1.0 | 0.2 | 0.31 | 3.8 | moderate| 0.2
Gopalnagar '-Og"; ” 1 gl | 150+ | 537 | 09 | 04 | 022 | 35 poor 0.3
Sagarbarh Low 0-1% | sicl | 150+ | 52.4 | 095| 05 | 017 | 4.0 poor 0.4
Amalhanda | 6106 | sil | 150+ | 565 | 1.2 | 02 | 025 | 4.3 | moderate| 0.3
Pulsita Mle_g'oﬂom sil | 150+ | 526 | 1.0 | 08 | 0.19 | 3.9 | moderate| 0.4
Average (<
4km from medium sil 150+ | 544 | 1.03| 04 0.24 | 3.95 | moderate | 0.30
KTPP)
Baishnabchak | | 6 105 | sicl | 150+ | 531 | 09 | 1.2 | 011 | 34 poor 0.3
Khanyadhi Loé"é ” I 1 sicl | 150+ | 528 | 0.85| 1.4 | 0.14 | 3.7 poor 0.4
Deriachak Low0-1% | cl | 150+| 542 | 0.95| 1.9 | 0.12 | 3.0 | poor 0.2
Bhogpur me‘i':,‘/img ol | 150+| 513 | 09 | 1.0 | 0.12 | 3.4 | moderate| 0.3
Siddhal Mle_g&m sicl | 150+ | 550 | 08 | 1.8 | 014 | 3.1 | moderate| 0.3
Ssddhal MO | sil | 150+ | 515 | 0.8 | 15 | 013 | 3.3 | moderate| 0.4
Brindabanchak] Medm | ¢ | 150+ | 532 | 0.95| 20 | ®M | 37 | moderate| 0.3
Average (>
4km from medium sil 150+ | 53.01| 0.88 | 1.54 | 0.124| 3.37 | moderate | 0.314
KTPP)
Fly ash ; sil . | 581 | 185]| 046| 041 | 32 | moderate| 0.4
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Soil Wetness of Kolaghat block

Wetness property of soil is represented by natural drainage and infiltration rate.
Increasing the infiltration rate at which soil absorbs water results in more water available to meet
crop needs and less water loss through runoff. It has been observed that the Kolaghat block is
having poor to moderate natural drainage. The poor drainage is characterized with the low land
situation and lack of proper drainage system. Hpldola-Il, Amalhanda, Pulsita, Bhogpur,
Siddhal, Siddhall and Brindabanchak are having the moderate drainage capacity whereas the
rest circles are facing poor drainage condition. Infiltration rate is fluctuating in all the circles of
the block. It has been observed that average infiltration rate is little bit lower (03dm the
adjacent area (<4km) than the rest of area (0.3149nmuhthe block. Yunusat al. (2007)
reported that in Australia soils, application of fly ash to the soil would reduce the hydraulic
conductivity by 50% which is related to decrease in infiltration rate of soil. The fly ash addition
to soil decreases hydraulic conductivity of soil (Sharma and K2066). This result implies that
fly ash of KTPP is affecting hydraulic conductivity as well as the infiltration rate of soil around
the thermal power plant.
Soil irrigability classification around KTPP

Soil irrigability classes denote the degree of limitation of soil properties for their
requirement of irrigation management and development. This has been evaluated irrespective of
availability of irrigation water, water quality, land preparation costs, availability of drainage
outlet and other neroil factors (Table 2). All the circles of Kolaghat block (15480.51ha) are
havi ng t he 60ADd cl ass s 0 i -l, Kola-tl,r Hulgita, bAmhblhandg, . Tl
Gopalnagar, Baishnabchak, Khanyadihi &agarbarrar e s howi ng O6A6 <cl as
with slight limitation of texture and alkalinit{57.73% area) whereas the rest circles (42.27%)
are suitable for sustainable use under irrigation. The fly ash is affecting the soil properties of the
adjacent areas (<4km) which limit the soil suitability for irrigation.
Land irrigability classification of Kolaghat block

Throughout the block no gravel and course fragments are found. It has been observed that
land of all circles of the block is suitable for sustainable use under irrigation with moderate
limitation of soil, topography and drainage (Table 2). In the area within 4 km of Kolaghat
thermal power plantand is suitable for irrigability clasdl with the limitation of soil (s),
drainage (d) and alkalinity (n) due to the shedding of fly ash in the adjacent area of thermal
power plant.The soils of rest of Kolaghatidck possess the irrigability clasd with drainage,
soil and topography. In the closer circles the major limitations are soil texture, alkalinity and
drainage. llsn, llds Illd and lldt comprise 22.21%, 35.52%, 16.34% and 25.93% of total
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geographical area respectively. The fly ash is creating gradually the limitation of soil texture and

alkalinity in the surrounding area (<4km).

Table 2 Area under different Irrigability classes

Soill
Irrigabili
ty Class

Land
Irrigabili
ty Class

Description

Ci r cName&d

Area
(ha)

% of
total

area

A

llsn

The land possesses limitati
of both soil and alkalinity. Th
soil is

deep, imperfectly

drained with problem o
seasonal water stagnation 3
high water table. Clay conten
of the soils limit the irrigability,

of the soils.

Kola-l, Kola-
I, Pulsita,

Amalhanda

3434.871

22.21

llds

The land is imperfectly draine
and possesses limitation
both drainage and soil. Sili
clay loam limits the irrigability

of soil.

Gopalnagar,
Baishnabchak,
Khanyadihi,
Sagarbarh

5498.058

35.52

lld

The

drained

soils are imperfectly

to moderately we

preé
dominantly of silty clay loan

drained and consist
to silty clay soils. Availableg
water holding capacity of theg

soils is medium to high.

Deriachak,

Bhogpur

2533.843

16.34

[dt

The soils aremoderately well
drained and very gently slopin

plain.

Siddhal,
Siddhall,

Brindabanchak

4013.738

25.93

Evaluation of Land Capability
The land capability classification is an interpretative grouping of different soil units and
serve as an important role in land use planning to shown the relative suitability of soils for

cultivation of crops, pastures, in addition to focusing the problems which need preventive
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measures. Land capability classes were determined on the basis of effect of the combination of
climate, external land features and inherent soil characteristics that limit the use of land. Sub
classes were determined depending upon the limitation of erosion (e), wetness (w), soil
properties(s) and climate(cYhis provides clues to the management increasing production.
According to the USDA land capability classification, the soil of profiles were grouped keeping
the view of limitation viz., erosion(e), wetness(w), soil(s), and climate WYojts of land
capability depend on the different management and cultural practices (Table 3).

Table 3 Land feature around the thermal power plant

Surface feature of land Soil chemical properties
i A Surface
Circleo Surface CEC BS ocC EC Gypsum
coarse _
stoniness| (cmol.kg?) | (%) (%) | (dSm?) (%)
fragments

Kola-l nil nil 16.1 94.2| 0.36 0.28 0.3
Kola-1l nil nil 15.3 88.4| 0.51 0.31 0.2
Gopalnagar nil nil 17.8 84.6 | 0.60 0.22 0.4
Sagarbarh nil nil 16.7 89.2| 0.52 0.17 0.5
Amalhanda nil nil 17.3 86.6 | 0.64 0.25 0.2
Pulsita nil nil 15.1 90.1| 0.48 0.19 0.8
Average (< 4km _ _

nil nil 16.38 88.9| 0.52 0.24 0.4
from KTPP)
Baishnabchak nil nil 12.4 82.7| 0.81 0.11 1.2
Khanyadhi nil nil 12.1 85.8| 0.58 0.14 1.4
Deriachak nil nil 13.2 785 | 0.71 0.12 1.9
Bhogpur nil nil 14.9 79.3| 0.78 0.12 1.0
Siddhal nil nil 12.3 86.3| 0.64 0.14 1.8
Ssddhall nil nil 14.0 89.1| 0.69 0.13 15

0.11

Brindabanchak nil nil 12.7 87.9| 0.63 2.0
Average (>4km ) ) 84.2

nil nil 13.09 0.69 | 0.124 1.54
from KTPP) 3
Fly ash nil nil 26.3 82.5| 0.20 0.41 0.46
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Surface features of soils around KTPP

Here surface features include the surface coarse fragments and surface stoniness for
evaluation of lanaapability classedt has been observed that the soils of all the circles do not
contain any coarse fragments on the soil surfate texture of soil can be influenced by
stoniness, its amount and size. Stoniness is expressed by the percentage of large particles, grave
(<7.5cm), stone (7-25cm), boulder (>25cm) on the land surface. No stoniness has been found
throughout the Kolaghat block. The particle size of the fly ash is not more than 2.0 mm diameter
(Sharma and Kalra, 20065toniness is not the limiting factor for determination of land
capability in the study area.
Soil chemical properties of Kolaghat block

For determination of land capability classes, cation exchange capacity (CEC), base
saturation (BS), organic carbon (OC), gypsum content and electric conductivity (EC) have been
taken into consideration. It has been found that CEC is roving from 15.1crhaickg
17.8cmol.kdtin the adjacent area (<4km) whereas it is ranging from 12.1 crrotckdgl4.9
cmol.kg? for the rest of the block. It is clear that CEC in the closer area (<4km) is little higher
(16.38cmol.kg ) than the remaining circles of the block (13.09cmohkdhe fly ash coming
from the KTPP is influencing the CEC of the soil in the surrounding area (<4km). The CEC
increases with addition of fly ash (Sharetaal.,2002) It has been also observed that BS in the
surrounding area (<4km) is higher (88.9%) than the rest of the block (84.23%). The overall CEC
and BS are conducive for crop cultivation. The presence of organic carbon is low (0.52%) in the
nearer circles while it is little bit high (0.69%) in the area beyond 4 km from KTPP. This implies
that fly ash contains less carbon (0.2%) which cannot help to sustain the organic carbon content
of the surrounding soils. EC is high (0.24d8mwithin the impact area of fly ash whereas it is
very low (0.124dSm) in the remaining area. It suggests that the alkaline nature of fly ash is
increasing the EC of the adjacent area. Gypsum content is low (0.4%) in the local area (<4km)
while it is considerably high (1.54%) in the rest area of the block. This indicates that fly ash does
not contain such amount of gypsum which can influence the gypsum status in the nearer area. On
the other hand, the rest of the circles show the high gypsum due to use of acidic fertilizers for
intensive crop cultivation.
Land capability classification

SubT tropical and suthumid climate is observed in the Kolagldck. Fly ash of the
power plant is changing the land capability of the shedding area within 4km from the KTPP to
classll which indicates the moderately good cultivable land whereas the area beyond the 4km
remains good cultivable lan{lTable 4). Developed alkalinity in the soils and change in
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surrounding micreclimate affected by fly ash limit the crop growing potential of the land (Adak

et al.,2016). Kolal, Kola-Il, Pulsita and Amulhanda are moderately good cultivated land (lIsc)
comprising 22.21% area with moderate limitation of Soil and climate. llwc, llws and lIs
comprise 35.52% 16.34% and 25.93% of total geographical area respectively (Fig. 2). Outside of
impact zone of fly ash, CEC and BS are the limiting factors which are characterized by the
intensive crop cultivation. The utilization of land resources on the basis of estimated potentiality
for the best alternative uses nourishes the agricultural and environmental sustainability around
the coalburned thermal power plant.

Table 4 Land capability classification

Land Description Circl Area % of Total
Capability Name (ha) Area
Class
lisc It is Moderately good -cultivabl{ Kola-l, Kola- | 3434.871 22.21
land on almost level plain or ¢ ll, Pulsita,

moderate slope. The land posse§ Amalhanda
limitation of both soil (alkalinity)
and climate. Usually the soils a
moderately suitable for vegetables

llwc The land is imperfectly drained an Gopalnagar, | 5498.058 35.52
has moderate limitation of wetnel Baishnabchak,
and climate. Khanyadihi,
Sagarbarh
llws It is good cultivable land on almo| Deriachak, 2533.843 16.34

level plain or on gentle slopes thh Bhogpur
have slight limitations of wetnes
soil BS (<80%) and so
CEC(<16%). The land i
imperfectly to moderate drained a
having wetness which limit th
selection of crops. This land

almost suitable for all field crops.

lls It is good for agriculture. The lan Siddhal, 4013.738 25.93
has slight limitation of soi| Siddhall,
CEC(<16%). Brindabanchak
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istrict

One of the most important media of information dissemination is digital format.

Geographic information system pgoviding such digital platform which is having a set of

powerful tools for collecting, storing, retrieving, manipulating, analyzing, transforming and

displaying spatial data from the real world (Burrou$f86).Data related to the evaluation of

land irrigability and land capability have been incorporated into the Database Management

System(DBMS). Block base map has been scanii&eloreferencing andligitizing have been

12



Precision Agriculture: Bridging Technology and Tradition Volume |
(ISBN:978-93-95847-23-0)

conductedFig. 3).Different layers of information have been generated (Kapetsky and Travaglia
1995). It was visualized as creating a land resource information system in the GIS framework
wherein land irrigabilityFig.4) and land capability maps were created in digital form pertaining

to the characteristics and features of lands.
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> » HoWrahDstrict
Gopalnagar
S Kola Il
Pglsita
Q Kola |

Shaid Matangini
Block
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A KTPP

Fig. 4. Classes of land irrigability with limitations developed by GIS
Conclusiorn
The fly ash is influencing the physical and chemical properties of soils concerned with

the land irrigability and capability around the thermal power plant. Hydrological conductivity
and infiltration rate of soil decrease in the proximity of the power plant. The land is moderately
suitable for water application and is moderately capable for crop cultivation with the limitation
of soil, climate and wetness. GIS technology has been operated to evaluate the assembled spatial
and nonrspatial data precisely for determination of suitability of irrigation and land capability for
cultivation. Adoption of site specific land use planning based on evaluation and organic farming
as well as precision agriculture will abate the adverse impact of fly ash for environmental and
agricultural sustainability.
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Abstract:

Landscape horticulture, as an aesthetic division of horticulture, focuses on utilizing
ornamental plants to enhance the beauty of outdoor spaces through garden creation. Its primary
goals encompass ensuring privacy, convenience, safety, comfort, ease of maintenance, and
flexibility. This discipline not only improves the visual appeal of an area but also fosters a
harmonious relationship between maade structures and the natural environment. In this
chapter, we provide an overview of landscape horticulture, outlining its principles, and
highlighting contemporary trends and practices in both indoor and outdoor landscaping.

Keywords: Landscape gardening, landscape architecture.
Introduction :

Landscape horticulture, also known as landscaping or landscape gardening, is a branch of
horticulture dedicated to enhancing the aesthetic appeal of outdoor spaces. Put simply, it
involves the creation of gardens to beautify land (Dipmala Kedar and Panchbhai, D., 2022).
Landscape gardening is an outdoor activity that encompasses the use of ornamental plants,
various garden forms, styles, and elements to achieve either a pictorial or naturalistic effect,
serving both aesthetic and functional purposes (Nambisan, 1992). This practice blends the art
and science of gardening, considering the existing environment and terrain to shape it further
using natural elements such as landforms, trees, shrubs, and water in a harmonious manner. The
primary objectives of landscaping include ensuring privacy, convenience, safety, comfort, ease
of maintenance, and flexibility (Singh, 2020).

Professionals responsible for designing landscapes are known as landscape designers or
landscape architects. Given that landscaping involves replicating natural environments,
landscape designers must possess expertise in ornamental plantisgardssong, plant
morphology, physiology, and architecture (Landscape Gardening). They should have an
appreciation for the beauty of plant forms, colors, and textures and possess the skill to integrate
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them seamlessly with manade structures like buildings, roads, bungalows, and resorts. Their
ultimate goal is to enhance the overall structure and functionality of the landscape to optimize its
utility and aesthetic appeal (Simonds, B. and Starke, J. O., 2010).

Importance

Landscapeyardening not only enhances the visual appeal of an area but also adds value
to the property by blending architectural structures with nature, providing privacy, and shelter. It
serves as an effective method of land management, preventing areas from becoming barren or
being used as dumping grounds. Additionally, landscaping creates recreational spaces for
relaxation and social interaction while also supporting biodiversity by providing habitats for
various organisms.

Moreover, landscaping offers hobby activities for individuals of all ages, prevents soill
erosion, and facilitates mineral recycling in the soil. It contributes to reducing air and noise
pollution, as plants act as natural air purifiers and sound barriers. Beyond its environmental
benefits, landscaping also promotes physical and mentabeiely), making it an integral aspect
of both home construction and interior decoration.

In commercial settings such as malls, public areas, playgrounds, and parks, landscaping is
employed to enhance aesthetics and functionality, creating inviting environments for visitors
(Patel, 2018; Rukshana, 2021; Dipmala and Panchbhai, 2022).

Source:www.indiamart.com Source: www.pinterest.com
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Principles:

There are two types of principles of landscape horticulture, viz., Primary and Secondary
principles, which are as follows:

Primary Principles: These are the major principles to be adhered for effective landscaping.

They are as follows:

A. To produce a6 Pi ct ur e 6 :ilmthisl cameststiceahpuse, building, or concrete
structure serves as the focal point of the scene, encircled by a lawn that is artfully integrated
with various plants. The vegetation contributes to the landscape by adding composition, color,
texture, and the intended aesthetic impact. This often entails a formal approach to gardening,
known as landscape gardening.

B. To produce natural or landscape effectThis method utilizes mass planting, allowing for a
broader display of plant forms, colors, textures, and patterns in a harmonious mannef. A well
blended and balanced landscape evokes a poetic, calming, soothing, refreshing, and
energizing atmosphere. This approach typically involves informal or freestyle gardening,
known as landscape gardening.

Secondary Principles:These are the subordinate principles, which serve as means and methods

of making a picture or the naturalistic effect complete. These are the artistic principles. They are

as follows:

6 Axis: An imaginary line divides the landscape into two sections, forming an axis that should
be artistic with a gentle curve to blend with the surroundings. This axis can guide direction,
create order, or dominate the design, often taking the form of paths, avenues, or walkways. It
connects various points in the garden, influencing movement throughout the space. When the
axis splits the garden into two equal parts, it is known as a central axis. In formal garden
styles, the axis is central, while in informal styles, it is oblique (Singh, 2020).

0 Balance:It is one of the most important principles. The imbalance in the garden distracts the
attention of the viewer. Balancing both sides of the landscape around the axis is e$éential.
balance may be formal, informal, or symmetrical types. While creating balance in the
landscapes, colour, texture, pattern, forms of the plants need to be considered (Landscape
Gardening).

o Circulation: In landscape gardening, circulation is a crucial element as it connects various
parts of the garden. It includes avenues or pathways that allow visitors to move throughout the
garden, enabling them to explore and appreciate the landscape's beauty in every corner.

6 Colour: A garden should avoid looking patchy with scattered colors. Continuity is achieved
with a consistent green backdrop. Flowering and colorful foliage plants are incorporated to
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provide a casual, incidental appearance and to introduce color and variety into the landscape.
The emphasis should be on the positioning of plants relative to each other and the overall
structural design of the space, rather than on the individual merits of each plant (Simonds, B.
and Starke, J. O., 2010).

Contrast: Contrast is a common feature in nature and is used to emphasize the best features or

locations in a garden. This principle is based on the -@motrast theory, which suggests that

planting plants with contrasting colors, textures, or patterns together enhances the beauty and
attractiveness of the landscape. However, if elements with equal visual impact are chosen, the
result can be a patchy and unpleasant appearance. To avoid this, one contrasting element should

be dominant, serving as the main feature, while the other should support it as a backdrop (e

Krishi Shiksha, 2011).

Focal point It is also known as emphasis or accent in the landscape. There should be at least

one focal point per landscape. It helps to break the monotony of the garden and, also serves as

the center of attraction. Mostly tall fountains, topiaries, trees, statues, etc. are used as focal points

(Principles of Landscape Gardening).

6 Harmony: Harmony forms the heart of the landscape. Wiklhded and harmonized garden
features, styles, textures, and colour contrasts help to create a pleasing picturalKfisbt (e
Shiksha, 2011).

6 Mass Effect Mass effect can be achieved by planting one form of plant material in one place
in a large number. Such arrangements help to give thickness and density to the landscape and
help to make it prominent. However, care should be taken that the mass arrangements should
not become repetitious and uninteresting (Raxworthy, J., 2018).

6 Mobility : Mobility or movement in a garden can be achieved through careful selection of
ornamental forms and colors. Seasonal plants, which change in color, form, or flowering
patterns, contribute to this sense of movement. These seasonal changes also attract birds anc
butterflies, adding dynamic life to the landscape. Additionally, features like fountains, ponds,
pools, and sprinklers further enhance the sense of movement in the garden (Bhattacharjee,
2004).

6 Proportion and scale Landscape designs that use proper proportions and accurate scaling
create a pleasing appearance and aid in effective space organization and management. Well
proportioned avenues, paths, flowerbeds, lawns, hedges, and edges always contribute to a
harmonious effect (Nambisan, 1992).

6 Rhythm: Rhythm in a garden is achieved by repeating the same objects at equal intervals,
guiding the movement of the eye. This can be accomplished through the regular placement of
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plants with distinctive shapes and sizes. Additionally, modern designs often incorporate
fountains, water canals, water strips, sprinklers, and lights to enhance rhythmic effects (Patel,
2018).

6 Space Effective space management is the key for the attractive, pleasant landscapes. This
helps to appear the garden larger than its actual size. This can be achieved by the
incorporation of large lawns and narrow paths in the setting of the landscapes (Principles of
Landscape Gardening).

Style: There are three main styles of landscape gardening: Formal, Informal, and Freestyle. The

formal style is characterized by symmetry and geometric designs, with features such as

fountains, water pools, canals, cascades, and meticulously trimmed shrubs and trees. Examples
include Persian and Moghal gardens. In contrast, the informal style mimics natural settings and
embraces asymmetry, allowing plants to grow in their natural forms. It features curved roads,
winding paths, irregularly shaped flowerbeds, hillocks, and water bodies. Japanese gardens are
prime examples of the informal style.

Freestyle of gardening is in between formal and informal type and involves combination of a

few good features of both the styles, e.g., Rose Garden, Ludhiana (Landscape Gardening).

6 Symmetry: It is associated with planning, clarity, rhythm, balance, and unity. Symmetrical
garden plans are precise, detailed, and help to make attractive formal garden designs.
Asymmetrical plans lack maintenance of symmetry on both the sides of axis. However,
overall balance, unity and harmony are maintained to develop informal and naturalistic garden
designs (Nambisan, 1992).

o Texture: Like colour, texture is another equally important principle of landscaping. The
texture of the ground, sand, pebbles, leaves, flowers, fruits etc. help to provide an overall
textured effect to the landscape (Bhattacharjee, 2004).

6 Unity: Landscape gardening is mainly based o
landscape should never look patchy and discontinuous. The different sections of the garden
which are consisting of different types of ornamentals should perfectly mix and match with
each other and also harmonies well with the surroundings (Principles of Landscape
Gardening).

Indoor landscaping

Landscaping serves a crucial role in integrating smade structures and spaces with the
natural environment. While traditionally an outdoor activity, landscaping, also known as

interiorscaping or plantscaping, has gained popularity indoors as well, enhancing both aesthetics
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and functionality. Interiorscaping involves thoughtful design, installation, and maintenance of

greenery within interior spaces to enhance their appearance and create a serene atmosphere.

This extension of landscaping indoors, known as interiorscaping, introduces green
elements into interior environments, creating a seamless connection with nature. These green
spaces act as natural catalysts, fostering a sense of harmony between indoor spaces and the
natural world. Additionally, interiorscaping helps regulate the microclimate indoors, contributing
to energy efficiency by keeping spaces cooler or warmer as needed, thus reducing energy
consumption.

Incorporating interiorscaping into architectural design plays a significant role in
promoting ecological urbanism and sustainable building practices. By offering clean, green, and
holistic environments, interiorscaping contributes to creating healthier and more environmentally
friendly urban spaces (Pliska, 2021; Mehta, n.d.).

The common types of interiors scaping are as follows:

6 Softscaping Indoor lush green gardens are created with sufficient light and ventilation,
incorporating softscaping elements such as flowers, plants, shrubs, trees, and flower beds
placed in movable containers. This type of landscaping is recommended for various indoor
spaces including bungalows, balconies, terraces, courtyards, passages, transition spaces, anc
room dividers. However, they require high maintenance due to the involvement of various
garden operations such as planting, trimming, watering, weed management, pest and disease
control, among others (Hammer, 1991).

6 Stonescaping The stonescaping or stone gardens are an important part of Japanese
landscapes and used all over the world to create similar ambience spaces. In it, the amount of
green space is less and the space is mainly covered with variouda@map®f stones, tiles,
sand, or pebbles. This type is ideal for entrance lobbies, courtyards, extended bedrooms, and
meditation zones. It is a lemaintenance alternative to green gardens (Pliska, 2021).

0 Waterscaping Waterscapes are used to set a feeling of motion in the interiors. There are
generally small ponds or channels of water added with suitable plantations and pebbles. These
can also be erected in the form of small indoor waterfalls or vertical water walls in living
rooms, dining areas, lobbies, passages, restaurants, and in meditation centres (Rukshana,
2021).

6 Vertical walls: These are also known as vertical gardens, green walls, living walls, or eco
walls. They are green installations grown vertically using hydroponics or drip irrigation. They
have become an integral part of modern indoor landscaping, contributing -tobecrasm
(Mehta, n.d.).
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Floating indoor landscapes These floating landscapes feature a small water body bordered

(@13

by a patch of lawn and ornamental plants. They provide a picturesque setting, offering
habitats for beautiful water flora such as lilies and lotus, as well as fauna including fishes,
frogs, and turtles. Floating gardens serve to create a serene and soothing atmosphere, often
positioned near living rooms or dining areas for maximum enjoyment (Mehta, n.d.).

6 Holyscapeing These are designed to create perfect holy ambience by installing a statue of the
God, Goddess, scriptures surrounded by holy plants like basil (Tulsi), lotus, jasmine (Mogra),
star jasmine (Kunda), Indian magnolia (Champa), and lotus. These gardens are believed to get
good luck and positivity for the indoors (Mini, 2016).

6 Micro-farming: It refers to farming at a very micro level. It is similar to softscaping,
however; overhear, the plants are not just grown for beautification but are actually harvested
as a source of food and medicine. A variety of indoor crops like vegetables, flowers, herbs
and medicinal plants can be farmed and harvested (Rukshana, 2021).

Conclusion

In the modern era, characterized by heightened stress and competition, landscape
gardening serves as a crucial tool for promoting both physical and mentdleive)l Moreover,

it has emerged as an essential component of sustainable development, seamlessly integrating

technological advancements with natural landscapes. Landscape gardening plays a pivotal role in

environmental protection, conservation, and enhancement.

Therefore, it can be argued that embracingwta@anism principles through effective landscape

architecture offers a suitable solution for addressing the environmental challenges stemming

from rapid urbanization. This approach emphasizes the harmonious coexistence of urban
development with the natural world, aiming to alleviate the adverse impacts of urbanization on
the environment.
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Abstract:

Rajasthan constitutes 10% of India's total geographical area. In India, 82% of farmers are
small and marginal, managing less than 2 hectares of land. These farmers play a crucial role in
the Indian economy, yet the majority engage in momp cultivation. The unsatisfactory
outcomes of monoculture (nontegrated systems) on crop productivity have led to the
development of the Integrated Farming System (IFS) strategy. This strategy ensures adequate
income, employment, nutritional security, and -&gendliness. IFS offers numerous advantages
over monoculturing. It has proven to be a viable option, encompassing various combinations of
agriculture and allied activities such as cropping systems, horticulture, forestry, livestock,
poultry, goatery, sericulture, duckery, and fishery. The different components of IFS complement
each other, with bproducts or waste from one component serving as food or energy sources for
another. This reduces environmental pollution by recycling farm waste generated within the farm
itself, thereby decreasing dependence on external farm inputs and cutting costs. In IFS, animal
and plant waste is either directly added to the soil or composted, significantly improving the
soil's physical, chemical, and biological health due to the large amount of farm waste generated.
Adopting IFS technologies on a large scale across India can enhance and sustain the livelihoods
of small and marginal farmers. It can double farmers' incomes on the same piece of land while
improving employment opportunities and meeting the nutritional needs of farming families.
Keywords: Horticulture, Livestock, Integrated Farming System, Arid
Introduction :

Western Rajasthan constitutes 61% of India's hot arid zone, covering 31.7 million
hectares. The remaining arid areas are distributed among Gujarat (20%), Punjab and Haryana
(9%), and small parts of Andhra Pradesh and Karnataka (10%). Annual rainfall in this region is
less than 450 mm, with a coefficient of variation ranging from 40% to 80%. Evapotranspiration
rates are four to five times higher than rainfall, resulting in pronounced aridity, water deficit, and
scarcity for drinking and other purposes. Natuesources such as water, land, and vegetation
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are fragile and less resilient, making the area susceptible to irreversible land degradation and
desertification due to significant pressure from human and livestock populations. While
agriculture alone is unreliable in these drylands, livestock provides sustainable livelihood
support, although the sector lacks organization. Typically, only one crop can be cultivated during
a good rainfall year, with an average of one good harvest year out of five, two moderate harvests,
and at least two failures. Water harvesting and recycling are limited at a watershed scale in this
region, which supports a population of 28 million humans and 28.6 million livestock, tripled and
doubled respectively over the last 40 years, intensifying strain on the fragile ecosystem.
Livestock, primarily sheep and goats constituting 70%, and cattle and buffalo 27.4%, have seen a
threefold increase in buffalo population in Rajasthan during the past decade. Livestock farming
is crucial to the rural economy, necessitating the integration of pasture grasses, fodder trees,
shrubs, and cultivated fodder crops into alternative farming systems.

Importance of Integrated Farming Systems (IFS):

1. Farm waste recycling and resource utilization In IFS, waste serves as a resource,
enhancing ecosystem efficiency, boosting farm productivity, and lowering production
costs (Gupteet al., 2012). Components such as crops, horticulture, poultry, dairy, and
fodder complement each other by utilizing resources generated within the farm, reducing
reliance on external inputs. Kumetral. (2012) found that raw animal and bird droppings
can be recycled into nutrienth products like FYM, goat manure, and
vermicomposting, which are more concentrated and less voluminous than raw waste.
Singh et al. (2012) observed a potential 36% reduction in chemical fertilizer usage
through farm waste recycling, which also improves soil organic carbon and enhances soill
nutrient content.

2. Improved soil health: Maintaining soil physical, chemical, and biological health is
crucial for sustainable production. IFS generates organic waste from various components,
which can be recycled through methods like vermicomposting, composting, and direct
residue incorporation. These practices increase soil organic carbon, stimulate microbial
activity, and provide essential nutrients, reducing the need for chemical fertilizers.
Manure and urine contribute to soil health by enhancing soil aggregation, structure,
nutrient availability, and microbial growth.

3. Pestcontrol: In many parts of India, indiscriminate pesticide use threatens food safety
and environmental health. IFS mitigates this risk by integrating multiple enterprises,

which naturally reduces pesticide reliance (Bele¢ra.,2017).
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4. Employment generation: Traditional agriculture leaves farm labourers unemployed for
about onehird of the year due to seasonal cropping. In contrast, IFS maintains diverse
enterprises that are interlinked, providing yeaund employment opportunities for
family members and increasing overall labour demand. Diversifying crops further
enhances employment prospects.

5. Environmental impact: IFS significantly reduces farm waste generation by recycling
resources within the system, thereby minimizing greenhouse gas emissions and
preventing surface and groundwater pollution (Raal.,2016). Studies indicate that IFS
is more effective than reduced tillage, organic farming, and precision farming in reducing
greenhouse gas emissions.

6. Farm income:For small and marginal farmers in India, IFS offers economic viability by
diversifying income sources. Kashyap al., (2017) found that while crop enterprises
initially dominate income in IFS, dairy, goatery, and horticulture gradually contribute
more as diversification increases. Value addition further boosts income and reduces
dependency on single enterprises.

7. Biodiversity conservation: Maintaining diverse enterprises enhances ecosystem
diversity, promoting effective ecosystem services such as pollination, climate regulation,
disturbance regulation, and pharmaceutical resources.

8. Soil management and resilienceResidue management in IFS enhances soil health by
increasing microbial activity, earthworm populations, and nutrient availability compared
to conventional methods (Das al., 2015). The adaptability of diverse IFS components
also enhances resilience to climatic changes and reduces susceptibility to pests and
diseases (Titi and Ipach, 1989).

IFS Models:

1 Crop + Horticulture + Livestock

1 Crop + Dairy +Poultry + Horticulture

1 Crop + Dairy + Poultry + Horticulture + Sheep/Goat
At ICAR-CAZRI Jodhpur, an IFS experiment covering 7 hectares since 2001

recommends a model for farm holdings o¥ Shectares in 25800 mm rainfall zones. This
model includes arable cropping (20%), agroforestry (30%);hamticulture (20%), hortpasture
(10%), silvipasture (10%), and boundary plantations (10%). Livestock components like
Tharparkar cattle (0.75 adult cattle unit/ha) and Marwari sheep/goats (3 animals/ha) are
recommended to fully utilize family labour and available fodder resoudes. inegrated
farming system (IFS) experiment, covering 7 hectares at FCARRI in western Rajasthan, has
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been ongoing for 17 years since its inception as a purely rain fed system@B60Om rainfall),
designed to maximize returns and resilience. The primary objectives are full utilization of family
labour, yeairound fodder provision for animals, and optimal resource recycling, focusing on
system and crop diversification strategies. The experiment encompasses 8 land use systems:
arable cropping (1 ha), agroforestry (Prosopis cineraria + crops, 0.75 hahowigulture
(Ziziphus mauritiana + crops, 0.75 ha), agjiviculture (Hardwickia binata + crops, 0.75 ha),
silvi-pasture (Colophospermum mopane + grass, 0.75 hapasjtre (rotational grass and crop

for 5 years, 0.75 ha), hompasture (Ziziphus mauritiana + grass, 2 ha), and farm forestry (Acacia
tortilis, 0.75 ha). During the kharif season, crops such as pearl millet, cluster bean, green gram,
and dew gram are grown in a 2:1:1:1 ratio following céteglme rotation. Cenchrus ciliaris

grass is cultivated across different systems. The system manages six adult cattle units (4 cows, 8
bucks, 4 rams) under a mixed feeding regime. The projected net returns for this model are INR
70,000 per hectare (including family labour wages), with a payback period of 5 years and an
internal rate of return (IRR) of 35%. This model is recommended for farm holdingsr of 5
hectares with a family size of 6 members. The Rajasthan State Agriculture Department has
adopted this model as part of its recommended practices.

Role ofhorticulture in IFS:

T Livestock feed provisiont CAZRI's efforts have focused on ensuring yeamd green
fodder availability through the integration of horticulture and agriculture. Innovations
like fodder beet (Beta Vulgaris) have shown the potential to produce over 200 tons of
green biomass per hectare within 4 months (Octdbeuary) at a production cost of less
than 50 paisa per kilogram. Consumption of this fodder has led tel@fbo8ncrease in
milk yield among Tharparkar cattle. Prosopis Juliflora is also noted for enhancing milk
yield from 8.1 to 8.6 liters, reducing concentrate costs by Rs. 7,039 per cattle per year,
and aiding in addressing issues like repeat breeding (ICAR NEWS, Of@iebember
2017).

1 Income generation: Various horticultural products such as Khejri Sangria biscuits,
Aonla candy, Chawanprash, Mateera Magaz, dehydrated Kachri, Karonda pickle, and
Aonla laddu contribute significantly to income diversification. Msttry cropping and
suitable varieties for arid regions are utilized to maximize production and income.

Role oflivestock in IFS:

T Manure utilization: Livestock dung and urine are utilized as organic, -effstctive

manure for horticultural crops, enhancing farm productivity without harming crops or

soil.
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