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1. INTRODUCTION
1.1 GENERAL

The land usefland cover has been dramatically changing in Asian countries in the last few
decades due to the population pressure, Ganerally, the forested lands have been converted
inta agricultural lands, as well as the producthity has been improved because of more
irrigation, use of chemical fertiizer, mecharization and g0 on, There is, however, increasing
concern about some of the Irigation potential created but not brought into the functional
system, lower operating efcency, jesser oop productivity etc, Tmprovement in agricultural
productivity has become a necassity due to the limitations in expanskon of cultivated acreage
and ever increasing food demand. A large number of lIrfigation projecks have been
. mmmissioned In India In the post-independence era faor improving food production and
aeonomic development. These irigated croplands though limited to about 30 percent of the
gross cropped area in India, contribute maore than 50 percent of the botal agricultural
productian, However, optimistic forecasting of production can mot be expected, because there
are limits of suitable cropland, Gmitations of productivity and shortage of waber resources.
Monitoring, estimating and forecasting crop peoduction are quite Important for the
management of food demand and supply balance at local level, regional level and World
wide, According to the FAD {Food and Agricultural Organization) statistics, the crop
production has Increased corresponding Lo the population increase iri the last 40 years, This
means, scientific management of imigation croplands through integrated systems approach Is

the anly way Lo make our agriosture productive and competitve.

Mational agricuitural productan, on 3@ sustainable hasis, deperds on the judicious use and
management of natwral resources like soil, water, animal resources and crop/plant genetic
resources.  With an  acceptable  technological  input under  prevailing mmm:
infrastructure. In order to achieve an econormically sound S0CETY, environmentally benign
development and  judiclous  utilization of matural resources, It B necessary that a
comprehenshve Irtegrated Irhgation Information Syetem (ILIS) be developed o prondde

systematic and perlodic information and s status to the planners, decisce-makers and



developmental agencies. These resources need proper evaluation that can be done through
interactive Interpretation in a relational datahase system. Alse, digibEng SOCHO-EC0NDMIC
database alang with blophysical factors s impartant to objectivaly monitor and evahate the
current and future agriculbural growth and development. Many agencies have developed
various information systemg, which Include databases on different FesOUICES. Space
application Centre (SAC) has developed Natural Resources Information System (NRIS). This
ﬂMﬂﬂmﬁmmlmmmnmmusmllmﬁunﬂ water bodies of the entire
country. Tt ncludes bath the spatial and nor-spatial databases. Department of Science and
Technology (D5T) has developed @ Matural Rescurces Data Management System (HRDMS)
wilth the aim of developing and demgnstrating the use of spatial decision support for
integrated planning and managerment of resources for mico level planning. Undar NRDMS,
also developed a user-friendly Geagraphic Information System (GIS) package wiz. Geo-
Referenced Area Management (GRAM) for entry, storage, manipulation, analysis and disgplay
of spatial data on a low COST computer configuration.
Eﬁﬁﬂhﬁﬁrﬁaﬂlmnrﬂmﬂmmnﬁhmam effective #migation
management, It |5 proposed to develop an integrated Drigation Systems Information, the
prime objective of this propased project. Such syslEms have atways been considered as an
gffective way of increasing agricftural productian. The 15 reaylting after the afficient
integration of temporal, spectral ard spatial stake holders for high recalution data which &5
important for accurate mapping of agricultural areas which helps the affective management
of resources for cptimuim orop yieid,
Remote Sansing has shown great potential in agriculturl mapping and monitoring due to RS
' sdvantages over traditional procedures In terms of cost and fime effectiventss [n the
avallability of information over larger areas. In agriculiure, Remole Sensing has been
amployed fo the developrent of precision farming for the better crop production and
erwironmental protection, Hence, it is proposed o use remote sensing data for the mapping
of natural resources.  Newerthaless, the surface reflecdtance specla over a wide range of
obects and conditions <hould be identified and Intarpreted Inta meaningful outputs pricr o

decision-making and applications. Sateflite Remote sensng images, such as IRS- LISS, PAN

[



and WIFS are proposed to use in developing 2 detarministic model for the estimation of oop
yield of the project area, which Is a part of IS In this model, an attempt will also be made
using GIS, as a ool o help the decision making process for enhancing the efficiency of the
system bo integrate eatelfite-derived crop information, yield prediction mendel, water usa
- gfficiency, and other components of management discussed in the previous para. A moded
chuddy area is selected from the part of Nagarjuna Sagar command area to develop 1115, The
methodology adopted for this IS may be applied on other command areas under simiiar
emwirons.
1.2 REMOTE SENSING IN AGRICULTURE: PRESENT SCENARIOD
Remote sensing techniques play an important rode In crop [dentification, acreage and
production estimation, disease and stress detection, sofl and water resources characterization
ard also by providing reguired inputs for the following: generation of land and water
resources developmental peans, bringing47Sadditienal lznd into cultivation through mapping
and reciaiming wastelands, Increasing the irrigaton potential through ground-waler prospedts
| mapping; crop-yield and cop-weather modes, inteqgrated pest management, command ares
management, watershed management, agrs metearslogical services, precisien farming, €1C.
Remote sensing applications to agricufture have grown 1o a stage where such inputs are
being used far numbar of polcy level decisions refated to food secunity, paverty alieviation
and sustainable development In the country, Decision on buffer shock of food grains could be
based on pre-harvest crop acresge and production estimation while the ground water
prospects maps serve as the major source of infermation in ensuring drinking water and
other needs In rainfed and bess favored areas. Mation wide wasteland, land use, land Ccover
and soil mapping has helped i expanding and intensification of agricullural sctivities and also -
- in Kentifying the land capability classes and crop suitability Indices.
1.3 CROP ACREAGE AND PRODUCTION ESTIMATION
In Ingia the use of space-Dome remate sensing data for crop acreage estimation and
production forecasting was expenmented in early 19805 in selected districts for wheat, rice
and groundnut. The promiging and encouraging results af this initial study led to an attempt

to estimate state-lavel wheat aceage usng Land sat MSS data for Haryana and Purmjgb in



1GE5-86. The results were encowrsging and the project, ramely, ‘Crop Acreage and
Production Estimation’ (CAPE) was launched covering wheat, rice, groundnut and Raby
sorghum in sshected major growing states/districts. Since availability of optical det ks 2
comcem in Monsoen easons, the use of data from active sensoes, such as SAR of RADARSAT
was operationally used for Khardff rice in 12 districts of Karnataka, The microwave data,
which has all weather capabilities, has shown that the rice rop can be discriminated at better
than 90% accuracy, which can aid In early detaction with multiple forecasting. Apart from
using the single-date hegh-resaluticn cateliite data to prowide crop acreage estimates al
district-level under CAPE, the multl date WiFS dota (coarse resolution and high receptivity) is
used to explore the possbility of making national-level forecasts. The procedure uses 3
national-level sampling frame and coarse sample segment grids to make multipe foracasts as
well asinter-seasonal crop growth differences using multyear WIFS data .A comprehensive
software package called CAPEWORES/CAPEMAN' has been developed enabling end-to-end
analysis culminating ingeneration of production sratistics, The remote sensing tedhmiques
have also been deployed in assessing the horticultura] crops. For example, acmeage estimation
of mango and banana plantations in Krishna district of AP and Thiruchirapall district in
Tamilnadu respectively has also been sucoesshully carried out with an accuracy of 9% in a
joink venkure with the Indian [nstitute of Haorticultural Ressarch. Mapping of sugarcane has
been carried out to aid various users and cooperakive sugar mils in accurataly estimating the
acreage. This Is also done at cadastral level engbling the government to identify those
beneficiaries (Farmers) who are not paying the tax. Efforts made on estimating the onlon
acresge in Masik district, Maharashira ylelded results to an accuracy of 75% Decause af
smailer field size, peculiar leaf structure, continuous cultivation and spectral mixing with other
crops. From the experience gained on implementation af CAPE project and also to meat the
requirements of timeliness, accuracy and coverage of crops, 2n Integrated concept of
Forecasting Agricultural cutput using Space, Agro meteorology and Land basad ohservation
(FASAL) has been evolved. A National Crop Forecasting Centre is being established by the
Department of Agriculture and Cooperation, Govt, of India to expcute the project. (As remote

sensing, weather and field chsenation provide complementary & =upplementary infarmatian



for making crop forecasts, FASAL proposes an approach which integrates in pulses from these
three types of observation on to make forecasts of desired coverage, accuracy and
imeliness), The concept of FASAL thus strengthens the current capabilities of early crop
sEasen estimation from econometric and weather-based techniques with remote sansing mid-
season assessments that can be supplemented with muiti-temporal coarse resolution data
based anatysis, In the later haif of crop growth period, direct contribution of remote sensing
in the form of acreage estimates and vield forecasts i avallable, However, Incthis case alsa,
" the addition of more extensive feld information and weather inputs would increase the

forecast accuracy, India i also planning for some exdusive satellites fo provide data specfic

to agricufture.

1.4 IMPORTANT REMOTE SENSING APPLICATION PROJECTS IN AGRICULTURE
« Crop Acresge and Production Estimation (CAPE) State Departments of Agriculturef
Mimistry of Agriculture

« (Cotton Acreage and Condition Assessment (CACA) Ministry of Texdiles.

» Forecasting of Agricutural output based on Satelite, AgromeErorology and Land
based observation (FASAL) State Department of Agriculture

= Mation wide mapping of soil rescurces on1:250000 scale Ministry of Agricuture

+  Mapping of saline/alkaline soéls of India Central and State Agricultural Departments.

» Natioral wasteland mapping on 1:1 Mifion scalef1:50,000 scale Wasteland
Development Department [ District Au thorities

«  Matiomwvide mapping of land usefland cover for agrodimatic zones on 1:2, 50,000
grata Planning commission

s Mational Agricuftural Drooght Assessment and Management Systems (NADAMS)
Department of Agricefture and Co-operstion, State Agricultural Depariments and
District Authesities.

o  Forest covers mapping for the entire country Department of Forest, Forest Survey of
India, State Forest Departroents.



« Mational drinking water technology mission on 1:2,50,000 scale Ministry of Rural
Development, Ground Water Department

= Satellite monltoring of command areas for crops, salinity/alkalinity and wateriogged
Areas Central Water Comissicn | State Command Area Development Authorities.

« Integrated Mission for Sustainable Development (IMSD) Planning Commission,
Ministries of Rural Development, Agriculture, Enviconment and Forests, State

governments. (Venkataratnam, 2001} 481

1.5 GEOGRAPHICAL INFORMATION SYSTEMS (GIS) IN AGRICULTURE
Integration of the and and water resources and ldentification of the constraints/ecological
problems at the micro level will help in dentifying the location specdfic solutions through the
effective 1= of remote sensing based resource [nformation combined with other socio-
economic data ysing GIS. This is being done by survey of resources at different scales using
trad®ional and remote sensing tachmgues, collection of collateral information like siope,
topography ete, preparation of a set of resource maps {hydro geomorphology, solls, land use
{ oower, surface waterfdrainage/watershed etc.) and generation of action plan maps giving
sita specific recommendations for development and management of agriculbure, ground water
recharge, fuel and fodder as wall as for sod conservation [ reclamation and afforestation. In

"one of the experiments &t NRSA, sustainable action plan for upper Machkund Watershed
falling in tribal areas of Visakhapatnam district, Andhra Pradesh has been generated through
GIS techniques. GRAM ++ is an indigenously developed Geographical Information System
(G15) software package for storage, analysis and retrieval of geographic iInformation relevant
to the task of local level planning {GRAM++ - Geo-referenced Area Management Package a
Tool for Local Level Manning, Natural Resources Data Management System, Department of
Seience B Technology, and Government of India). The package has been prt Lo use in a
variety of applications like watershed management, wasta land reclamation, land capability
analysis, sofl erosion assessment, energy budgeting, location/ allocation of facilibes, and

. Hazard zonation studies, These applications have been conducted and functionalities basted

by Kamataka State Coundll for Science and Technology, Bangalore; Technology Informatics



. Design Endeavour, Bangalore, Mational Atlas and Thematic Mapping Organization, Calcutta,
Mationgl Water Development Agency, New Delhi and several other universities and R&D
institutions. Under NNRMS, Dapt. of Space, a Nabural Resources Information System (RRIS) is
being developed for policy makers to ensure the optimum utilization of natural resource
Information. This knformation system wil enable o update existing natural resource
information and Integrate with scdoeconomic data. GIS forms the core of NRIS for data
stormge, retieval, data integration and analysis. It will also be linked with other existing
infarmation systems at district/state level to provide an effident and powerful tool for
management of respurces. NNRMS [2000) has prepared a document on the node design and
standards to be adopbed under NRIS for 3 themes Eke sod, land use, water, geamarphology,

' socipeconomic data, Infrastructure facilities, etc.Thas, the potential of the GIS s vast ©
improve the resource management for enhancing the productivity on a sustainabie basls In an
eco-friendly manner. This invohses mollection and formatting large database with co-operation
from ling departments/instibutions for dariving the maximuem benefits cut of this technoiogy.
Précising farming is an emarging concept in modem agricufture. It ts @ micro management
systam to armive at improvad agrcultural and land managemsnt decisions that result from
using. information delivered by ogeospatial technologies. In other words it is “Digital
Agriculture” involving very large scala Farm level mapping, comprehenshie data base creation
on required resources generaled through space based inputs and field cbeservations and
making a detailed plan of work for maximizing the yield and reducing the custom inputs using
the decision support systerm.

1.5.1 THE DATA BASE
« Crop characteristics like, stage of the crap, crop health, nutrient requirement, et;:j
« Detailed sail layer with physical and cherical propertios, depth, testure, nutrient
status, salinity and towdicity, soil temperature, productivity potential, etc.,
¢ Miooclimate data {seasonal and daily) about the canopy tempearature, wind direction
and speed, humidity etc.

= Surface and sub surface drainage conditions;



« Irmigation faclities, water availability, and other planning inputs of interest. With the
acvent of differential Global Positioning Systemn (GPS) with high aoccuracy, there are
possibiiities of automating the farm operations fike tillage, planting, fertifizer
applications, pesticide/harbicide spraying, imgation, harvesting and ather mechanizad
ouftural operations. High resclution Digital Elevation Madels (DEM) may also form &
component of the database, which provides the appropelate description of the
topography to support soll maolsture and Fertility models for decsion making.482
Precision farming enables micro-management concepts that include the ablity to
approprately manage ewvery feld operation at each location in the feld, ¥ I s
technically and economically advantageous to manage at that level. The concept of
predsian farming s picking up wery fast in developed countries due @O large Farm -
holdings and fully mechanized agriceftural operations. With the present day
technological developments and further avaflability of higher resolution multl speciral
senzor data, thera is scope for adopting precision farming for cultivation of high value
/ Commercial / frults / fowers! vegetables ofc. In developing oountries irciuding
India. The application of remote sensing and G135 echniquss im the management of
agricultural resource are Increasing rapidly dus to Improvement in space borne
remote sersing satellites in berms of spatial, spectral, temporal and radiometric
resolutions. Many of conventional approaches of handling malti thematic infermation
to arrive at optimal solutions are being computerized using GIS utilites, Kseping in
view the development in satefiite, computer and communications technalbgies, the '
following opportunities and challenges exist in the application of remote sersing GIS
and precision farming techaologles in India.

1.5.2 OPPORTUNITIES
= Pricrilization of maomo/micro watersheds for implementstion and impact assessment
of watershed projects at national, state, district, taluk and hobll kzvals,



# Forecasting of outbreak of pests and dissases hased on soil water status and plant
| stress indicators Im crops such as paddy, wheat, sugarcane, cotton, chilli, &

pigeanpea, etc.

#  Development of decision support system for predse management of resources at
farm level at least in commerdial f fruit § fower crops to begin with,

« Airbome SAR dat@ utllization for identification of AT crops and development of
procedures for canopy backscatter models for idantification and yield prediction,

«  Soil mapping at cadastral scale using high resolution spatial, spectral and radiometric
resolutions.

= Quantification of soil loss,

# Detection of water logging due to rising ground water able.

« Delineation of salt-affected soils in black soll and sandy reglons.

= Soll moisture estimation and mapping using micro wave/opbcalthermal remols
sensing techmiques in surface and reot zome depth,

* land surface temperature estimation using thermal and microwave remots sendgng
techniques.

* Hyper speciral studies on solis to establish quantitative relationship between spectral
reflectance and 5ol properties,

= Development of dighal techniques for a varety of applications using GIS technigues.
For e.g., soil suitability to crops, land capability dassification and land irrigability
BSSESEMEent etc,

= Preparatory activities towards hyper spectral data utilizaton for understanding the
plant processes and development of spectral response models for stress detection,

* Improved yield modeis by integration of bicphysical simulatian and regional level crop
models.

1.5.3 CHALLENGES

The application of Remate Sensing, GIS and precision farming technigues in the management

of agricsitural resources are increasing rapidly due to Improvements in space sdence



supported by computer and communication technologies. The Tollowing challenges noed o

be addressed in the apphication of thess techniogies.

Idantification of crops and estimation of area and producion of short duration orops
granan Tn fragmented land holdings, In partioular during ST season,

Foracasting of droughts/floods.

Detection of crop stress due to nutrients, pests and diseases and quantification of
thelr effects on crop yield.

Automation of land evaluation procedures for a variety of applications using GIS
techniques.

Information on sub-surface soil horizons.

Extending precision farming database to smaller farm size and [/ of diverse
cropa/cropping systems.

Deveioping decsion support systems for managemant of biolic and abiobic streszes at

tha farm level.

More accurate yvield modets 483

Estimation of depth of water in reservolrs and quality assessment of ground water.
Better than 1m contours for watershed development plan at the mioro level,

Use of remote sensing and precision farming technologies in intercrepping/multiple
oropping sibuations.

Identifying ways and means of reduding the oost of RS, GIS and predsion farming
bechnalogies and dme gap in collechon; irterpretation and dissemdnation of data ko
enable their usage on a karge scale, A successful example in this direction is that of
hand-held radiometer developed by Optometry Engineers Hyderabad in collaboration
with space application center, ISRD Ahmedabad for standardizing the spedral |
sgignature insitu for inter pressing the RS Data.

Comvincing evidence to prove the utility and economec viability of these technologies
50 &5 to mobilize suppart for B & D work,

Human resource development to hasten the process of large scale use of unexplained
and cutting edge technologies that have tremendous scope and potential. Agriculture,

Lo



the dynamic system governaed by several biotic and abiotic factors, needs 1o be
sustained, as it is the major player in Indian economy, Though we are self sufficlent
in food grain production, there are several gray areas which need bo be improved for
achieving ever-grean revolution. Thera i a nead to transform low-yielding Food
production systams in to high yielding ones through the convergences of agrodech
{mainly production relabed), biotech {productivity related) with space technology (RS
ard GISYLaunching of satellibes Bke IKONOS-II Cuick Bird-2, TES and planned
indigenous earth observation mission, namely Rescurcesat-1 Cartoset-1 and Cartosat
- 2, Orbriew-3, SPOT-5 and Advance Land Obsenvation Satellite (ALOS) may enable
generating detailed and more spadific Information on land and water resources, To
faciiitate deriving Information on orops durkng the ahani¥ season, Inda has proposed
to launch a dedicated mibcrowave mission w2, Radar Imeging Satellite (RISAT) with a
c-band SAR. Generation of DEM with fine resclution is another imgartant reguissment
for watershed development, Translation of remote sensing data, GIS techniques and
precision farming datebase informabion in to implement able schemes at the feld
level and absorption of technology at the grass oot [evel by the actual benefidanes
still remains & greater challenge, These technologles should infilirate in to agroultursl

sector at micro level far greater and sustzinable benefits,

1.6 THE MAJOR OUT PUTS OF INTEGRATED IRRIGATION INFORMATION SYSTEM
(II5)

a. Irrigation planning: In many Irrigation systems it s nécessary bo adjust the area 1o be
plantsd as well as the crops to the available water resources, Climatic varistions or market
conditions may strongly influence the planted area, Adjusting the demand to available water
supply 15 @ complex exerdse, particularky when the copping pattern is made up of many
crops. 115 greatly fadlifates this process and a reasonable optimization can be made before

starting the irigation season,



a. Irrigation scheduling; This module aims at providing, under different hypotheses of
operation, the schedule (regulation, opening and dosing of gates) and the operating flow in
the irrigation network. The three methods of operation are; proportional supply, fixed rotation
and semi-demand (on-request). Some indicative values of depths and intervals to apply for
all possible planting periods will also be provided.

'l:.'-l:nntml of Maintenance Activities: Apart from being a mechanism fo conbrol the
performance of the staff, an activity report constitutes a valuable source of informabion,
. particularly showing where maintenance and repairs have been exeouted for comparison o
the maintenancs/rehabilitation plans. If propery set up, compllation of the data registered on
different (daily, weekly, monthly) activity reports permits periodical reviews of the time and
money spent on the different types of management activities of the project.

1.7 END USERS

Government of Andhm Pradesh emphasized the importance of linkage of varlous river
systems, which s the onfy solution to tide over the sevene water shortage in different parts of
the country, Addressing a press conference, Chief Minister of Andhra Pradesh said several
areas in Assam, West Bengal and Bihar were resulting in floods, the southern states were
facing acute drought stuation. He said that the two rivers Ganga and Cauvery are lrked; the
: problem of excess or less water will be solved (Deccan Chronlde, September 23, 2002).To
solve such problems, and to link various appropriate river systems, the proposed IS will be
used by many organisations related o water and its management of the other command
areas of analogous environmental settings

Mary organizations like state and central ground water depastments, Irigation department
{major and minor) can ulbilize the outoome of this project for the planning of the imication
system, This project will also provide scope and methodology for carrying out such studes for
ather basins in India, The planning of irmigation Information system will be highly useful to the
devetoprment of natural rescorces as unplanned utilization leads to the ewironmental
degradation for which the esisting work s expected to be wseful For planners,

environmentalists and State Govl polcy makers. Al the end of this projedt, "ready to use

i2



Irrigation database”™ for Krishna basin shall be oreated and maintained on Intemet by WIC -
INTU for the appropriate end users.

2. OBJECTIVES AND METHODOLOGY
2.1 GENERAL

The present study Is simed at supporting the Govt. of Andhra Pradesh in planning,
cocrdinating and developing Interventions in the irrigation sector of MNagarjuna Sagar
command area. The expected output of the project is an “Integrated Imrigation Information
system (I115): a computer base model” using Remote Sansing GIS, GPS and fisld studies,
The specific objectives and INCID approved of this project are

1. To examing and analyse the spatial information related to present practices of
imigation in Addankl branch Canal command area. The exdsting spatia data will be

obtained from Concemed Government organisatians.
2, To generate GIS and MIS digital database for the study area: Addanki Branch Canal of
Nagarjunasagar command area, namely,

@) Spatial database consisting of thematic data derived from IRS ID PAN + LISS III
merged Products and topagraphic data from SO toposhests,

b) Atribute database consisting of collateral data acquired from various organisations
and The data collected thraugh field studies,

3. To develop models;
1 Crop vield prediction

Iiy Agricultural Productivity Index [API) and Farmers Involvement Index (FII}. The
FII will be computed considering detailed questionnaire designed to obtain all the

refevant information through fleld survey,
)] Met Primary Productivity (NPP) using NOVI and PAR

i) Land suitability based on land characteristics

13



With the inbegrabion of spalial datebase and attribute database with their topological
relatianships,

A, To develop a model, ramed as, Integrated Irrigation Information System [IT15)
for the study area by designing two main modudes:

»  Project Data Module
« Irrigation Management Moduls
B, To valldate this 1115 model with the help of other feeder channels with in

MNagarjunasagar command area

2.1 METHODOLOGY

The development of IS for Addanki Branch Canal command area of Nagarjunasagar
reservair is based on a step-by-step approach, The major activithes to be carried out for the
development of II1S zre given below:

1. Acquisition and dervation of Basaling data

2. Fleld surveys and creation field database

3. Creation of GIS and MIS database for model development

4. Crop yield Prediction Model Development

5. Deterrmdnation of APT and FIT,

B, Met Primary Productiviby [NPP) computations,

" 7. Lend Suitallity Model Development

8. Designand Development of 1115

9, Validation of IIIS model
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2.2.1 ACQUISITION AND DERIVATION OF BASELINE DATA
The base line data consists of:

+ Topographic data

« Land use / land cover data

« Cropped and irrigated area data

»  Solls data

« Ground water level data

» Water quality and other enviranmental data
« Geological and Geamorphelogical data

+ Land ownership data

= 5000-economic data

» Surface water sources data

» Data related to command areas

2.2.2 TYPES OF DATA PRODUCTS AS PER PROJECT DESIGN

Data bypes with their relevance in the Digital database for IS are dassified based on the
source of acguisition and creation. For the preparation of the bass line digital data base all
the data products are categorized as

i) Topographical data to be derived from SO1 toposheets

i} Thematic data to be derived from satellite sensing (IRS ID, PAN + LISS 11T}

fii}y Colfateral data to be derived from related organisations

Iv} Field data to be derived from Fleld Survey,

a. Topographical data

Comprises of all the topographical details available on SOT 1:50,000 topo maps, The
impaortant topographical data layers are:

+ FRoad, rail network

#  WWater bodies

¢ Forest boundaries
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« Administrative boundaries

= Drainage

«  Settlements

» Forest areas

=  Scrubs/waste lands

= Bridges oossing et

b. Thematic data

Thematic data to be derved from IRS ID LI5S IIT + PAN data mainfy comprises of the
folowing themes:

+  Lard uze [ land cover and crop dassification

= Water logged or fiooded area

+ Cropped area maps (Irrigated and un imigated areas)

+  Soil maps

+ Hydrogeomorphological maps {Groundwater status)

» Geglogy and Geomorphology

v Surface water bodies

» Data related to command areas

c. Collateral Data:

The Collaterai Data consists of dimatic stations and thelr data, temperature, rainfall,
hurmidity, wind, sectorzation, land tenure, cop wats requirements, water delivery schedule
and current maintenance activities, will be collected from various organizations fike local
irrigation departments, India Meteorclogical Department (IMD) etc.

d. Fleld Data

The Field Data consists of data measured by DGPS; farmer's database through a standard
questionnalire and secio-economic data will be mllected through the intensive field survey,
During this field survey, the views af the Water User Association (WUA) duly constituted by

Govt. of AP will be ghven due considerations (n the competation of FI1,



2.2.7 DATA SOURCES AND COLLECTIONS
It s proposed to use muti-band, multi-date satellits data to derive B above thematic data
and the field surveys to derive elevation data and collateral data, The details af sowrces of

all the required data products, which are used as input for the 115, are:

Type of Data Sourca of Data
1. Satellite data IRS-LISS 1Tl -ID Mational Remote Sensing Agency (NRSA), Hyderabad
2. 1:2,50,000 Topo maps Survey of India (S0} ard published deta

1:50,000 Topo mags

125,000 Topo maps

Planimetric and height data

3. Ground water data Maps Depths Field survey and APPCE
to water l=vel data maps Irrigation Fleld data and state ground water board

refated data and Collateral data State Irrigation Department. India meteorological |

Dept.

Water Usar Association (WLA)Y

4. Feld Data Through DGPS, Questionnaire during field survey,

2.2.4 FIELD SURVEYS AND FIELD DATABASE

Sampling procedure for selection of the farmers

The questonnaire will be designed to get the attribute database of farmers and thoir
grievances. The selection of farmers will be dona based on a stratified random sampling
and the yield varisbility, Once the number of farmers in & particular reach is selected, the
further selection is totally based on random sampling 5o as to see that the farmers selected
e havirg their land evenly [ocated within a reach, Members of WLA will b2 consudted in
selecting the numbers and composition of farmers for the detalled field survey. Apart from
this, the team will be comprising of 4 ccientists, two having imigation water resources
background and other twa with agrictural background. During the interview, question on
farmer's personal view and wishes will be noted, The data fems will be used as input for
base line data base gemeration in GIS platform, The existing maps and data collectsd
related to the bench marks provided by the krigation department and all planimetric control
covering the area will be collscted during the fleld survey. In addition bo this, the

]




socioeconomic data along with demographic detalls will also be collected during the field
survey., The Instrument that |s proposed to wse durng the field survey is DGPS for
determining heights and survey of contouss for mappang with the help of GIS software for

OTM madeliing

2.3 CREATION OF GIS AND MIS DIGITAL DATABASE

The four kinds of required data products and themstic coverages of the study area derived
from the interpretation of satelite images (Three sesson's datz), the data layers derived
from 501 toposhests will be made ready for GIS modelling by means of conversion process
and transformation of the data compatible (o ARC/INFO GIS software. The acquisition o
derivation of these data products consists of collection of axisting maps, analysis of satelite
data wsing vicual and digital techniques, anahss of collaberal data and measuroment of
eevation data and the field data. These types of data products are then converted Nt
digital mode for the creation of GIS database.  The collateral and field data will be
converted ino the maps showing the spatial distribution of each ane of the components

which intern will be used for modeling process.

2.4 DEVELOPMENT OF CROP YIELD PREDICTION MODEL

Radiometric normalization will be done ko remove inherent noise in multi femporal RS
images. Linear transfermation will be dane for radiometric correction, After performing
geometric cormection, radiometrc normalization and making Ffor assigning null value to non
vegetaon aneas of images, NDVI values will be calosated by using field boundany vector
file as ROI {region of interest). Geometrically rectified multidabe satelite data is
soquentially analysed with maximum ikelibood dassifier algorithm supported with ground
truth / field database collected during fleld visit Various crops are identified and extracted
sequentially at different stages of the dassification process. Crop land sutability will be
generated using DEM based on information of land altitude and siope gradient.  Drainage
moded will be generated using DEM and river nebwork information, By using this model,



each pixel can be identified where is the catchment of the fixed and where to fiow to the
down stream, MPP (5 estimated using MOV and PAR, data,

Crop production anabysis will be made using administrative boundary, statistics of
agricultural production and population, land cover data, crop land suitability, drainage
model. The data required for crop production or crop yield prediction modsd,

= Digital Elevation Model (DEM)

= Piver Mabwork

»  Administrative Boundares

= Agricultural Producion

* Popugation data

= land cover data

= MNDWT data

* PAR data

This multdate {three seasons data) and multiband sateliite data is also bransformed to NDVI
using the Following Formaia:

NV = (NIR - VR)/(NIR + VR)

NDVI represents the integral effect of various factors that influence crop production and is
well accepted in India and elsewhere for crop vield forecast and agricultural drought
manitaring.

All digital coverage will be used for assessing modelling parameters ke slope, aspect,
elevation, age of the plantation, type, refative humidity, annual cumulative rainfal, average
daily température, average daily sunshine hours, soil depth, rock cover percentage of the
ficid and Leaf Area Index (LAL) are compited.

The ground reparted yield will also be interpolated using the weighted average interpolation
technique to generate a vield map. The ground report vield map is then cross checked with
the sstellibe driven vield to prove the validity of yleld model and estimate the emor of

interpaiation. Ground repart travel time of flow is also interpolated to get & general picture



of canal condition the molsiure stress, the fertilizer application adequacy to find out the
effect on yield and Imvolverment of farmers in various extansion works.

2.5 DETERMINATION OF API AND FII

Twa types of indices namely Agticultural Productivity Index (API) to study the effect of
Inputs on productivity and Farmers Involvement index (FII) to study the farmers
participation In the imgation activities will be computed on the basic of water avallability per
unit area besides the role of Water User Associztions. The APL will be derived as below

APT = W (wl) + F (w2} + 5 (w3) + P (w4)

W = water availability (moisture stress)

Where, F= fertilizer application adequacy

5 =seeds quality

P = pestiddes usage

W1 to wy = respactive weightages

The FII will be calodated by m-.lng' Ints consideration the awareness, response and
imolverment in irtigation related works,  The weightages for varous factors will be
calculated applving Boolean logic, The importance of these indices will be usafyl to Hhe
review of the farmers stalus and responsiveness in yield predicton. Socio-economic factors
such as farmers awareness, responss and Involvement in various works and waves on the
various Gowt Agencles are spatialised by performing a duster analysis using theissen
polygon mathod,

To cbtain all the relevant Information, will be designed for the irigation officials, agricultural
authorities and the farmers. The guestionnaire to the irrigation authorities will cover
questions related to irrigation water management, canal conditions, interaction with the
farmers and the agricultural officials, The guestionnaire prepared to the #gricultural
authontes covers quesions related o the crops to be grown In the study area, thelr
Interaction with the farmers and the imigation offidals, type of agricultural estension and
ather miscellaneous Information regarding the soil fertility conditions In the study area, The



Cuestionraire will be prepared for farmers based on farmers awareness,  information
refated to thelr identification the details regarding the inputs and the production In the
current season, farmers response Lo irigation, status of agricultural works, farmers views
on imigation department and farmers views on agriculbal department using this field
database, the following spatial maps wil be generated.

i Farmers awareness to the various programmes

0] Match bebeeen water delivery schedule and agricultural production and operation.
fify Farmers rvohvament in irmigation scheduling

v} Status of agricuttural warks

v) Farmers views on responsiveness on the Dept, of Irigation.

The dustering analysis adopted for this study enable the zonation of the project area into

zones of farmer's level of involeement,

2.6 NET PRIMARY PRODUCTIVITY (NPF)

MPP will be estimated with a method proposad by Hirakoba {1998} based on production
effidency approach, MNPP is estimated using Photosynthetically Active Radiation [PAR) and
NDVT, The distribution of agricultural land can be seen in the land use [ land cover map.
The NPP an the agricultural fand of the command ansa will be estimated with the dataset
oonsist of PAR, NDVI, from which the per ceplta productivity will be analysed. The
efficency index (E), which is the ratio of radation energy changed into the arganic
substances can also be taken into consideration for the model, The radiation energy in
wavelength which a plant can use for the photosynthesis is called PAR absorbed by the
cancpy of the plant and can be estimated using NDVI.  Solar radiation sbsorbed by 3 plant

Is named APAR {absarbed PAR) and can be caloulated from the data sat of PAR and NDVI.

2.7 LAND SUITABILITY MODEL
The Land characteristics ke Water availahility (W), Nutrient Avaiiability Indesx (NAT), Water

and Nutrient Retentlons (R), Salt hazard (S) and Topography (T) are considerad as thematic



layers in the GIS. The water availability (W) is based on the amount of annual rasnfali and
avallability of irrigation and W an be gencrated using spatial analysis of rainfall and
irrigated areas.
The Nutrient Availability Index (NAI) is based on the methed given by Raddiffe et al (1962)
and Is given by
MAT = N x P x K x ph
The spatial information for each one of these parameters can be obtained from soil- map.
The water and nutrient ratentions will be estimated from the solf texhure and partide stze.
Higher day content results in high retention of water and available mutrients. The soil
salinity Is an important edaphic constraint in the region. The =cil salinty map will be
prepared and used to derlve factor rating. The diagnostic factor of topography (T) is a
combination of land form and slope gradient. The information on kandform and Shope can
be extracted from sateflite imagery and toposheets.
Each of these flva qualities with associated attribute data are digitally encoded in & GIS
database and used to generate five thematic layers. The land evaluation or and sultatdlity
mcdel will be developed using the formula:

Land sultability =W x NAIxRxSx T,
These five layers are then spatially overaid to produce a resultant palygon layers. Finally, a
land sutability map will be derived using this modal.
The distribution of the agriculture productivity in terms of five parametric Ixyers, namely:
Water avadability (W}, Nutrent Availability Tndax (NAI), water and Nutrlent Retention (R,
Salt hazard (5} and topography (T) are the land characteristics considered as a thematic
layers in the GIS. The W-factor is generated from the spatial analysis of annual rainfell and
imigated data. The nutrient availability index can be computed based on the method
developed by Radcliffe et al (1982).
2.8 DESIGN AND DEVELOPMENT OF ILIIS
It s realized, however, that the irigation potential created is not being fully utiized and gap
edsts between the potertial created and potential utifized becawss of Eck of proper

i)



ooordination. Keeping this scenana, an sttempt is made to improve the productiity of tha
land for agricultural produce by developing an Intagrated Irrigation Information System
(IM15) model for Addankl Branch Canal command area of Nagarjunasagar resendolr, Krishna
bastn of Andha Pradesh. This system = I115 includes the module to forecast the growth of
agricultural productivity, crop production dasta based on administrative zones on GIS
platform. Remedial measures to iImprove the orop acre age and to minimize the land actess
problems based on land surveys, orop suitabiliby, crop scheduling, DEM models, drainage

models, rver nebwork analysis model atc.

The agricultural production is considered to be a part of Net Pimary Production (NPP) on
the agricuftural land, The NPP can be estimated using Photo synthetically Active Radiation
(PARY and Mormalised Difference Vegetation Indee (MCAVT) that can be desived from three
ceasnns satellite based radiance data. The distribution of agricultural land an ba s=en in
the land usefland cover map derived from satsllite data. By Integrating the result of the
agricultural NPP with the statistics of crop production, the comversion efficlency of
agricultural production from agricultural NPP will be made. Al these components will be
inciuded in the III5 model which will intem be usad to compute the per capita productivity.

Hence the I1IS (Integrated Irrigation information system) will be structured In two major
modulies:

@, Project Data Module

b Irrigation Management Module.

In the Project Data (project data files) module, the user can input new data, modify or
detete existing records, re-arrange data or issue a report. These data are not supposed to
change very often and they are the information basis of the system, The following four sub-

modules are utilized to store "basic” data of the imigation system such as:

i Thematic Data
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i} Topographical Data
il Collateral Data

W)  Feld Data including Questionnaira

The Irigation Management Module mnsists of 4 sub modules and they are;

i GIS and MIS digital database creation

Iy Land suitabiliby model

iy NDVT / DEM / Crop yield prediction model and crop production analysis
W) NPP, APL FII, PAR models .

29 VALIDATION OF IT1S MODEL

The M5 model developed for the Addanki branch canal command area of Nagarfuna Sagar
reservolr s then validated by apphying this model on the other feeder channels within the
NS command area. The evohed and validated model resulted out of this project may be
potential enocwgh to be utilized in elsewhere of various command areas under similar

emvironmental seftings,

25



3. STUDY AREA DESCRIPTION

3.1 DESCRIPTION OF KRISHNA RIVER BASIN

From the time of Atareya Brabman (2000 B.C) through the regions of the Sathahanas,
Chalukyas, Vijayanagaras down to the Nizam shahis and present day, the Krishna flows
through the passage of time In the vibrant youthful compary of Bhima and Tungabhadia
Spatiakty, the Krishna originating in the dizzy heights of Sahyadr (western ghats) at
Rahabadeswar passes through the Mallamalal gorge (near Abmakur ) at the base of the
Srisailam temples through the shrives of the Nagarjura Konda and strides into the wide
coastal plains and fan out into 3 dalta before ending its journey into the Bay of Bengal. The
total length of Krishna river is 1400 Km, basin area is 257923 S5q Km. and annual average
discharge 67675 (million cubic waters). Yet it has a rather poor water wealth because of

fairdy low rainfall in the basin (Pune 661mm, Kurmnool 607mm and Machilipatnam 107 0mm;).

3.2 HAGARJUNASAGAR PROJECT

Magarjunasagar project 5 one of the most imporiant major water resources scheme in the
counbry catering to irigation of vast command area apart from flood control and power
generation Project wherezs the Krishna Delta System is the on down stream side of the
praject. The dam site of the projact is located at Nandikonda village of Nalgonda district in
Andhra Pradesh with latitude 16 347 247 N and longitude 79 18° 477 E. Nagarjumasagar dam,
constructed in 1969 across the River Krishna, is the one of the largest and highest straight
gravity masonry dam in the wordd. The catchment area of the River Krishna at
Elagalimsg;ar dam is 2, 07,120 km2. The project has a gross storage capacity of
11560.05 MCM (408,24 TMC). Out of the 22652.44MCM (BOD TMC) allocated to Andhra
Pradesh by EMWDT, Nagarjunssager project is allocated 747565 MCM (264 THC) with an
additional amount of 481.39 MCM ({17 TMC) towards evaporation ksses. Figure 3.1 shows
Hagarjunasagar project,
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3.3 GENERAL FEATURES OF THE COM MAND AREA OF NAGARJUNA SAGAR
PROJECT RESERVOIR

The rainfall of the command area varles considerably over two monscon seasans. The first
spell of rain (South - West mansoon) In the Khanlf season oocurs during the period af June
to September and the second (Morth - East mansoon) in the Rabi season from October o
December, Neardy 70 percent of the annual rainfall in the Left Bank ommand and 55
percent in the Right Bank command occurs in the Khariff season, The Rabl season rainfall
amounts to about 20 percent of the annual rainfall in the Left Bank command and abaut 30
percent in the Right Bank eommand. The annual rainfall of the command area ranges from
680 mm to 1110 mm. The temperatires range from a low of about 15°C in December bo
about 45°C in May. Refative humidity ranges from about 30 percent to about 80 percent
with a mean of about 50 percent, Evaporation ranges from abaut 145 mrm in November and

December to about 350 mm in May,



3.3.1 Canal System

Following are the Canal Systerns of the Nagarjunasagar Reseniair:
1. Nagarjunasagar Right canal { lawahar Canal)

2. Magarjunasagar Left Canal (Lal Bahadur Canal)

3.4 5TUDY AREA PROFILE: ADDANKI BRANCH CANAL

The Addanki branch canal is one of the major branch canal of Magarjuna Sagar right branch
canal (Jawahar canal) as per Government records the total serlal extent under Addanki
branch canal command area i B, 69,655 acres (2, 71,000 hectares). The Addanki branch
canal command area is located in the Eastern part of the state and it is covered 25 mandals
part of Prakasam and Guntur districks in the state of &ndhra Pradesh. Location map is
showmn by figure,. 3.2

AU BPLACH CAKSL
LA ANES

3.5 ADMINISTRATIVE SETUP

Bddankl Branch cansl command area is present covered In part of Guntur and Prakasam
districts, The study ares s bounded on the MNorth by vogaruvagu, East by Kommamur canal,
and South by Gundlakamma River and West by Magarjunasagar Right bank canal. The total
geographical area is 6, 689,655 acres (2, 71,000 hectares). Topographical index map shown
by figure.3.3.
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Surveyoflndigtopesheetscovered56p/11,56py12 56p/15,56p/16,57m/9,57/m13,57m/ 14, 65d/
4.650,/8,66a/ 1, 66af 2andoba/s on 1:50,000 scale Addanki bramch canal command area
coveringnearly 2smandalsoffndhraPradesh, inPrakasamdistrictSathamagaluru, Balfikuruva, Add
anki, Martur, Yaddanapudi, Parchury, Chirala, Karamchedu, Inkolly, Vetapalem, janakavarampang
uluru, Korisapadu, Maddipadu, Negaluppalapadu, Chinaganjam  another 10 mandaks  are
covererdinGunturdistrictthesemandalsareBoliapalie, Ipuru, Nekarkallu, Vinukonda, Savalayapu,

Rompicherla, Narasaraopet, Chilakaluripet, Peddanandipadu, Kakumanu.

3.6 ENVIRONMENTAL RESOURCES IN THE STUDY AREA

3.6.1 Population
The study area has a total population of 2,342,803, It has a density of 242 persons per

square kilameter, (Prakasam and Guntur Districts 2001). In these twenty five mandals thers

are nearly 450 villages coverad, the population Is 90% rural and 10% is urban population.

3.6.2 Climate

The study area |s characterized by tropical climate with hot summers a5 well as cold winters
are characterized by tropical chmate with hot summers as well as cold winters. The study
area receives an average annual rainfall of 1045 mm and 75 percent of the rainfall is
received through the south-west monsoon period and remaining one-fourth is received

through north-east monsoon. The study area is generally hot during summer and cold in



winter, while the period from Apell to June is the hottest touching temperature of 43oC or
oven more, The meteorological data (s presented in Annexure-T1. Situated nearly distance

from the Sea Coast, the dimatic condition & humid.

3.6.3 Temperature

The temperature fuctustions are high in this study area. The normal mean minimum
temperature is 19°C and mean maximum is 43°C. AL times the temperature plummets to as

low a5 12°C during winter and soars to as high as 45°C during the peak summer.

3.6.4 Rainfall

The normal rainfall in the study area is B90mm, of which about 909 comes from the
southwest monsoon during the latter part of June to the end of October. The study area
normal average rainfall during 2006 till the end of March 2006 is 530.4mm. The rainfall Is
recefved through the south-west monsoon period and remalning one-fourth Is recaived

through north-east monsoon,

3.6.5 Physiography

The shudy area |5 characterized by an undulating terrain with erosiongl landfiorms llke
insstbergs, and ridges noticed amidst vast area of dissected pediment and Pediplain but the
major part is Aat berrain with Tertile scils. The highest elevation in the study area is 420m

above msl, which ks Vinekonda, while the lowast poink is 90m above msl wiich is at Soulh

West of Dharmavaram.

3.6.6 Drainage

The main rivers draining in the study area Is Krishna and its tributaries. Gundlakamma River
and Vogarwvaga, The overall dralnage patiem is sub-dendritic, while locally rectilinear and
trellis patterns are noticed. The drainage pattern |5 Coarse textured in the areas of
metamorphic rocks and fine textured in the areas of barren sheet rock aress which s mastly
in the Western parts of the study area.
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3.6.7 Geology

The minerals obtained in the study area are Limestone, Lime kankar, Napa slabs, and
copper lead. Granite, Road metal, Slate, Quartz, Grawel, silica sand, iron ore in Ongole,
Addanki; & maddipadu e.t.c .There is copper mines in Ipur. Colpur Granite i predeminantly
available in Ballikurava region of the study area. The lime stone i basically avaliable in the
South West region of the study area and of one of the types of metamaorphic rodks with
undulating topogeaphy. Al the above rocks are profusely Inbruded by K-rich grey granite,
syenc- granite and monzogranite of lower Proteroznic age Grey granité & characterized
predominantly by K-feldspar, The contact between granites ts gradational. The soil types in
the study area are in general fertile broadly dassified as biack cotton, red loamy and sandy
Loamy .The percentage of the Black cofton area is 70%, Red loamy is 24%, and sandy

Iy is about 6%,

3.6.8 Geomorphology

Mostly the South west central part of the study area 15 composed of granitic rocks
represented by a pediment-Pediplain along with some central parts of the study ares
complex with insalbergs and residual hills standing cut prominently besides the linear rdges

made of dolorites,

3.6.9 Geo Hydrology

The study area dominantly comprises lime stones and granitic and gneisses among which
the major is metamorphic lime stone which has & high permeabdity for infiitration of water
into the ground water table, The ground water In these rocks 5 fracture controlled,
ocourring only along the major fractures, In the southern and northerm parts of the study
grea the rivers are located which indicate the coarse textured drainage pattern, Part of the
Study area Is prominent zone composed of Barren sheet rocky areas which has a poor
ground water potential with low permeatility and yield.
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3.6.10 Geotechnical Characteristics and Matural Hazards

The rock type, of the major part of the study area |, have 3 goed permeability, high bearing
capaaty and compressive strength (1000-2000 kg/om) and wery good Foundation
characteristics. As the study area is near to the coast natural hazards are common with
Cyctonic effects like heavy rains and high speed winds causing kot of damage to the crops
and the human habitat.

3.6.11 Soils

The sofl types in the study area are in general fertile broadly dassified as black cotton, red
loamy and sandy Loamy _The percentage of the Black cotton area is #0%, Red loamy is
4%, and saridy loamy is about 6%,

L1517, Land utilization:

The major part of the study area is arsble irrigated land with patches of un irigated land
sean In the less percentage, as the soil is fertile and the water i sulficient enough probably
owing o the presance of the Nagarjuna sagar Right bank canal in the West, Komrnamur
canal in the east Gundlakamma river in the southern part and Vagaruvagu in the northern
part of the study area. The western parts have patches of the forestland and sorubland,
Prominent wastelands are seen in the some parts of the study area, The total geographical
area ks 2, 71,000 hectares, net cropped area is b, 69,655.58 acres and net imigated anea s
3, 81,177,811 hectares.

1.5.18. Land holding agriculture
Agriculture is the backbone of the shudy area ecanomy and about B5% of the working
popuiation depends on agricufture. The majar crops grown are paddy, groundnut, chillies,

sugarcane and sunflower, tobaooo, maize, pulses e.t.c,



3.7 NON ENVIRONMENTAL RESOURCES IN THE STUDY AREA

4.7.1 Road network

NH-5 is the main National Highway passing through the study area glong with State
mgkmmﬁlﬂumpmammmﬂnmwamammlcmmwmﬂr
different roads. The mandals & mandal headquarters in the study area are well connected
by bus communication. mmwhmamwgmmmdmwmammm

Study Area,
3.7.2 Railway network

The South central rallway main line passas through the major stations (ke Marasaraopet,

Vinukonda, of the study area,

3.7.3 List of Banks in the study area

| 5. No. | Name of the Bank ' No. of branches
1 Stabe Bank of Hyderabad B
2 | Andnra Bank 25
'3 Syndicate Bank 10
4 State Bank of India 22
5 Indian Overseas Bank 13
6 Vijaya Bank 3
?- Canzra Bani 10
B Indizn Bank 10
9 Dena Bank 3
10 Unicn Bank of India B
11 Corporation Bank 4
12 Punjab National Bank - 4
13 Central Bank of India 10
14 Barik of India g
15 Bark of Maharashira ]
16 Oriental Bank of Commerce 3 B
TOTAL | 150

Sowrre: National Beauro of Economéc and Statistics, Hyderabad

il



4. DATA SOURCES AND DATA USED

Bazad on the source of acquisition of data, nature of data and its use in the present study,
thi data products are dassified into four types namely, topographical data, thematic data,
field data and collateral data,

4.1. DATA SOURCES

A heightened awareress of water resources problems has developed over the past sevearal
decades and this has spumed 3 need for reSable geospatlal data to enable better
understanding of water related problems and their impacts on enwironment. Crop yield
models have also undergone changes and these heve created new rijuirements for
geaspatial data. In view of critical role, digital data plays in any kind of spatial modafing and
anakzis, Emphasis s given to new information gathering |nitiations for remaotely. senced
data and to advancements In integrabing data from different sousces with GIS. The
avallability of appropriate and adequate crop yiekd data, and other related data derived from
coflateral data and other field survey are mportant corcems, GIS and erop vield models
funcoon with a broad spectrum of geospatial data that are used for spabial analysis and
modeding of crop yields. These data generally come in different formats and from variows
sources and measurements. The examination and crganiztion of data inte a useful form
produces Information content, which is compatible to GIS and which enghies appropriate
analysis and modeling of crop yield predictian,

In the present study, four different sources are usad to collect the required data products.
The four sources are remote sensing satellite systems, survey of India toposheets, related
government and private agencies for existing data products and fleld surveys for collection
of primary data products. In transforming this raw data to data compatible to GIS, care is
taken for approgriate level of data precision and accuracy. The data types, Important
features and corresponding data sources used in the present shudy are listed in table 3.1.
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Tabie 3.1, Data type, important features and sodrces of acquisition

S.No Primary Map | Reference Map

1 Base . S0I-Toposhest & Satellite Data

2 Drainage S01-Toposhest & Satellite Data

3 | Road network S01-Topasheset & Satellite Data

4 Mandal reference map | S01-Toposheets & cadastral maps

5 Village reference map | SOI-Toposheets & cadastral

6 | Land usefLand Cover aGl-Toposheets & Satellite Data

7 Soil Map (Type, Depth, | Soil, SOI-Toposheet & Satellite Data
Drainage, AWC, Particle
Size & Erosion)

4.2, COLLECTION OF DATA
The following types of data have been used in the pressnt imvestigation

» Satelite data

= Collateral data

« Crop daracteristics and agricultural data

«  Meteorological data
d.2.1. Satellite data
Remotely sensed data from IRS-1C/10D and IRS PE LISS 1 data In the farm of fakse colour
composite (FCC) prinks and computer compatible tapes (CCT'S) pertaining to the study
areas are used in the study. The entine study area is covered by thres scenes of IRS-1C/1D
and [R5 PG LISS III data. The satellite data sets are used In the experirnent are given below

in table.3.2,
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Table: 3.2, Sateliite datg Sets used in the study area

Year | Satellite | Sensor | Date of Pass

LISSTIT | 12 Feb 1996

LISS T | 12 Feb 1997

LISS I1T | 16 Dec 1998

LISSTII | 17 Nov 1989

LISS I | 10 Dec 2000

LISS I | % Dee 2001

LISSHI | 27 Nov 2002

LISS I | 4 March 2003 |

LSS I | 18 March 2004 |

LS5 | 27 Dec 2005

1995 | RSIC
[ 1997 | msic
1998 | msic
1999 | msIC
2000 | IRSIC
2001 | ms o
2002 [ IRSID
3003 | RS 1D
2004 | IRS P
2005 | TRsps
2006 | IR Ps
. =l

LISS IIIJ_ED lan 2006

-

The raw satellite images are presented in Fig 3.1. To 3.11 for tha Cropping season of 19495

to 2006 The satedite data for the

were used for generation

of spectral

paddy condition assessment and Sreage astimatian,

Figure 3.1 shows satellite image vear of 190¢

alf seasons are completely cioud free and the dats sets
indices from individual figlds In the study area, for



Figure 3.2 shows sateflite image year of 1997

Figure 3.3 shows satefiite image year of 1998
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Figure 3.4 shows sateliite image year of 1999

Figure 3.5 shows satellite image year of 2000
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Figure 3.6 shows sateflite image year of 200

Figure 3.7 shows satellite image vear of 2002
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Frgure 3.8 shows satellite Image vear of 2003

Figure 3.9 shows satellite image year of 2004




Figure 3.10 shows satellile image year of 2005

Fignre 3.11 shows satellite image year of 2006
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4.2.2. Collateral data

Collateral data wsed In the study includes topographical and thematic maps of the study
area. The topographical maps are required for preparation of base maps. The themabc
maps of land use/cover maps, agro-climatic zane Maps, soil type maps and irigation maps.
The topographical maps were coflected from survey af India, soil type maps from NBSSLUP
and other maps such as land usefcover, agro climatic maps, irigation maps from NATMO,
Eoikatla.

4.2.3. Agricultural data

[nfarmation on the crop characteristics of paddy and other crops were collected from
Department of Agriculture, Directorate of 1CAR, Gowvt. of Andhra Pradesh, officlals during
preparatary activities. The data includes cropping pattem, planting and harvesting periods,
crop area statistics and crop calendars of various Crops in the study area. The oop
calendars ane useful in determining maximum vegetative period for acquisition of cateflite
data. These calendars are also provides Information on other crops and their probable
growth periods. It has observed that sometimes the sowing operations are delsyed due to
late anset of monsoons or delayed release of water Into canals, Therefore, the peak
vegetative period may shift from year to year, thus there s a meed to develop a crop
ratendar for deciding the acquisition of remote sensing data.

4,2.4. Meteorological data

The meteorological data was collected from IMD station &s well as the daa recorded by
Cingole and Nellore officials in the study area. The data includes maximum and minimwm
temperature, rainfall distribution, relative humidity, sunshine hours, which are usaful in
development of relationship behween meteorological parameters and crop yield. The
historical meteorological data is presented in Annexure-Y1, Table 3.3 shows temperature

and table 3.4 shows rainfall data.



Table 3.3 shows temperatune data

MEAMN | MEAN MEAN
YEAR | MONTH | MAX, | MIN | YEA | MONTH | MAX | MIN :u MONTH | MAX. | MIN.

1 i R i 5
1995 WNUARY | 300 | 17.2 | 1997 | JANUARY | 27.4 | 155 | 1998 | JaNwARy | 304 | 177
15496 FEBRUARY | 318 | 18.7 | 1997 | FEBAUARY | 324 | 16.1 | 1999 frsanum 35 | 195
1596 MARCH | 36.8 | 211 | 1997 | MERCH | 360 | 20.3 | 1996 [ MARCH | 361 | 225
1956 APRIL 370 | 230 | 1997 | APRIL /O | 223 | 1998 | APRIL | 394 | 25.3
1996 May 40,7 | 267 | 1997 | May 39,1 | 259 | 1998 | MAY an4 e
1996 JUNE 356 | 24.8 | 1997 | JUNE 357 | 24.5 | 1508 | JUNE 70 | 258 |
1996 LY 319 | 23.0 | 1997 | JULY 320 | 228 | 1998 | JULY 327 | 216
1596 WGIET | 396 | 220 | 1997 | AOGUST | 30.7 | 221 | 1998 | ALGUST | M2 | 228
1996 ﬁSEFTE'ﬂ'EE-M 307 | 223 | 1997 | SEPIEMBE | 31.3 [ 222 | 1998 E_H“‘“Epm 04 | 224

R
1985 DCTOBER | 297 | 205 | 1997 | DCToseR | 31.1 | 20.8 | 1998 E‘-ﬁi:uﬁ ol | 214
1998 Hmvmﬂﬁ 397 | 17.5 | 1957 | NOVEMBE | 299 | 206 | 1998 Enumrer-ﬂ 06 | 1BS
=
1396 DECEMBE | 262 | 149 | 1997 | DECEMBE | 267 | 15.2 | 1908 | DECEMB | 287 | 128
. R | ER

[ MEAN MEAN MEAN
VEAR | MONTH | MAX, | MIN. | YEAR | MONTH | MAX. | MIN. | YEAR | MONTH | MAX. | MIN.
1999 | IANUARY | 29.2 | 140 | 2000 | JANDARY | 304 | 156 | 2001 | JAMURRY | 298 | 160
1999 | FEBRUARY | 32.2 | 185 | 2000 | FEBRUARY | 314 | 15.2 | 2001 |FEBRUARY |35 | 177
1699 | MARCH 3.7 | 216 | 2000 | MARCH 5.7 | 0.1 | 2001 | MARCH 354 (221 |
1090 | APRIL 308 | 247 | 2000 | APRIL T8 | 247 | 2001 | APRIL 369 | 247
1959 | MAY 376 | 251 | 2000 | MAY 6 | 25.2 | 2001 | MAY 404 | 271
1999 | JUNE 333 | 23.2 | 2000 | JUNE 316 | 228 | 2001 | JUNE 61 | 3A
1998 | JULY 313 | 224 | 2000 |JULY 300 | 223 |2001 | ULy 318 |227
9 | ADGUST | 304 | 210 | 1000 | AUGST | 297 | 222 | 2001 | AUGUST | 284 | 221 |
1995 | SEFTEMBER | 302 | 217 | 2000 | SEFTEMBER | 3140 | 217 | 2001 | SEFTEMBER | 5.0 | 227
1959 | OCTOBER | 311 | 203 | 2000 | OCTOBER | 330 | 204 | 2001 | OCTOBER | 304 | 208
1008 | NOVEMBER | 300 | 166 | 2000 | NOVEMBER | 31.2 | 172 | 2001 | NOVEMBER | 306 | 187
[195 |DECEMBER |29 | 14 | 2000 | DECEMBER | 295 | 133 | 2001 | DECEMBER | 204 145 |
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TMEAN MEAN MEAN
YEAR | MONTH | MAX. | MIN | YEAR | MONTH MAX. | MIN | YEA | MONTH | MAX. | MIN
. ; R :
002 | JANUARY | 305 | 207 | 2003 | JANUARY | 309 | 194 | 2004 | JANUARY [308 | 193
502 | FEBRUARY | 327 | 2100 | 2003 | FEBRUARY | 328 | 218 | 2004 FEBRLARY | 328 | 20.7
2002 | MARCH 35.1 | 23.B | 2003 | MARCH 339 | 238 | 2004 | MARCH 56 |32
2002 | APRIL 6.9 | 262 | 2003 | APRIL B8 |62 | 2004 |APRIL | 376 | 267 |
2002 | MAY #0.7 | 290 | 2003 | MAY 313 | 203 | 2009 | MAY A
2002 | JUNE 371 | 268 | 2003 | JME 300 | 281 | 2004 | JUNE 31 | 280
200¢ | JULY 374 | 2B0 | 2003 | JULY F4.1 | 257 | 2004 | JULY 353 | 264
o | AUGIET | 345 [ 353 | H03 | AUGET | 341 | 260 | 2004 | AUGUST | 364 28D
2002 ﬁarra—nm 374 | 361 | 2003 | SEPIEMBE | 356 | 260 | 2004 | SEFTEMEE | 4.5 758 |
R R
S5 | OCTOBER. | 328 | 293 | 2003 | OCTOBER | 328 | 247 | 2004 | OCTOBER | 335 349 |
02 | NOVEMBER | 320 | 213 | 2003 | NOVEMBER | 328 | 3225 | 2004 Emm (3.5 | 221
W0I | DECEMEER |30 | 19.7 | 2003 DECEMBER. | 30.7 | 198 | 2004 EEEE"IEE |j|.g 198
YEAR MONTH MAX. MIN. YEAR MONTH MAX, | MIN. |
|
3005 TANUARY 316 PN 2006 TAMUARY 304 | 14.0
2005 FEBRUARY | 33.8 .7 2006 “FEBRLIARY 30 | 186 |
2005 MARCH 31 243 2008 MARCH M2 | 206
3005 APRIL 570 %7 5006 ABRIL e |86
2005 MAY 39.9 7.8 2006 MAY 4 | 56
2005 JUKE 405 W04 2006 JUNE o ‘I‘ﬁ &
2005 JOLY 5.7 768 I 2006 JULY s | 234
2005 ALGUST 3.1 271 2006 AUGUST 300 | 225
2005 SEPTEMBER | 34.0 26,0 2008 SEPTEMBER 3q | 228
005 OCTOBER 312 5.2 2006 DCTOBER 3w |22 |
2005 NOVEMBER | 314 2.2 2006 NOWEMBER. 4 | 182
| 2005 DECEMBER, | 309 Wa | 2006 DECEMBER 27 [ 152




Table 3.4 shows rminfad data

YEAR MONTH RAINFALL | YEAR | MONTH | RAINFALL
199 JAHUARY T3 1957 | MANUARY | 56.1
1956 FERRUARY 1957 | FESRLARY | 0.0

1998 MARCH 0.0 1957 | MARCH 123
1536 APRIL 58.8 1597 | APRIL 5.5
1855 MAY 5.7 1997 | MAY 19.7
1955 JUNE 76.3 1997 | JUNE 754
19596 JULY 1928 1987 | LY 181.5
1956 AUGIST EEEE] 1997 | AUGUST | 167.2
1556 GEFTEMBER | 1289 1997 | SEFTEMBER | 73.6
1996 OCTOBER. | 10L6 1957 | OCTOBER | 95.2
1596 NOVEMBER | 57.8 1957 | NOVEMBER | 336
1696 DECEMBER | 0.0 1997 | DECEMBER | 40.5

[ YEAR MONTH RAINFALL | YEAR | MONTH | RAINFALL
1958 MNUARY | DD 1998 | JAMUBRY | 0.0

1058 FEBRLARY | 0.0 1995 | FEBRLUARY | L.B
1958 MARCH 0.4 1599 | MARCH 0.0 |
1998 APRIL 55 1999 | APRIL BE

1998 MAY 1T 1999 | MaY a7k
1598 JUNE 437 1959 | JUNE 36.2
1938 JoLY 221.7 1959 | JULY 1439
1993 BUGLST 265.7 1999 | AUGUST 1218
1958 SEPTEMBER | 141.5 1999 | SEFTEMBER | 1243
1953 OCTOBER. | 239.5 1999 | OCTOBER | 320
1958 NOVEMBER. | 6.4 199% | NOVEMBER | 0.0
1998 DECEMBER | 0.0 1589 | DECEMBER | O.0
YEAR MONTH RAINFALL | YEAR | MONTH | RAINFALL
2000 JARUARY 0.0 2001 | JANUARY | 325

| 2000 “| FEBRUARY | BD.7 2001 | FEBRUARY | D0
2000 MARCH 0.7 2001 | MARCH 0.0
2000 APRIL 129 2001 | APRIL B5.4
2000 MAY 645 L 2001 | MAY 1.3
2000 JUNE 215.7 2001 | MINE 5.8
2000 JULY 1250 2001 | JULY 04
2000 AUGLST 4600 2001 | AUGUST 054
2000 SEFTEMBER | 500 2001 | SEFTEMEER | 854
2000 DCTOBER | 218 2001 | CCTOBER | 2744
2000 NOVEMBER | LB 2001 | MOVEMBER | 116.5
2000 DECEMBER | LD 2001 | DECEMBER | 114
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YEAR MONTH RAINFALL | YEAR | MONTH | RAINFALL
002 JANUARY | 3248 003 | JANUARY | 6.4

7002 FEBRUARY | 0.0 7001 | FEBRLARY | 0.0
2002 MARCH 0.0 2003 | MARCH 3.6

2002 APRIL 3.2 Z00% | ARRIL 0.0

2002 AT 3.7 2003 | MAY 0.0

2002 JUNE 38,9 2003 | JUNE B3

2002 LY 49,5 008 | ALY 1388

2003 AUGUST 752 2008 [ avaisT 105.4
3002 SEFTEMBER | 34.0 7003 | SEFTEMBER | 121.6
2003 OCTOEER 2114 2003 OCTOBER | 2314
2002 NOVEMBER | 113.4 2003 | NOVEMEER | 19.5

2002 DECEMEER | 0.0 2003 | DECEMBER | 58.4 |
YEAR MONTH RAINFALL | YEAR | MONTH | RAINFALL |
2004 JAMUARY 0.4 005 | JANUARY | 0.0

2004 FEBRUARY | 0.0 2005 | FEBRUARY | 5.4 |
2004 MARCH 15 205 | MARCH 0.1 |
2004 “APRIL 71 3005 APRIL 0o

2004 MY 184.7 2005 MAY 168

004 TUNE 13.2 2005 JUNE 59

204 TR 154 2005 LY 6.9

2004 AUGUST 138 05 | AUGUST | 105.7

2004 SEFTEMBER | 1538 2005 | SEPTEMBER | 1846
2004 DCTOBER | 126 2005 | OCTOBER | 3855

2004 NOVEMBER, | 4G4 2005 NOVEMBER, | B4,/

2004 DECEMBER, | 0.0 2005 | DECEMEER | 10.1

[ YEAR MONTH RAINFALL

| 2004 JANUARY 0.0

2006 FEBRLIARY 0.0

06 MARCH 416 -
006 RPRIL ) |
2006 MAY 1003 j
2006 JME BN |
2006 LY 1927 :
2006 ALGUST 6.1

2006 SEPTEMBER #06.1 ,
2006 OCTOBER 157 |
2006 NOVEMBER, 511 !
2005 DECEMBER 0.0 |




5. GENERATION OF DATABASE

5.1 GENERAL

The generation of data base needs the source information comprising non cpatial dat and
a spatial data, The spatial data Is comprised of land usefland cover, drairage, basa detais
and soil maps etc. The non-spatial or attribute data I8 composed of climatic paramaters,
crop pattern etc, In this chapter, the steps invalved In deriving all these data producks; the
enurces of data acouisition and the ways of ransfarming these data products suitable to
(15 software are discussed.

This work has been accomplished with the use of the capacity of Geograptical [nfurmation
System (GIS) as a tool for remote sensing data processing and analy=:,  Tho Chapter
introduces spatial data lssues involving data collection strategies, the use of @ {ppraphic
and remote sensing products as sources of digital data and digital characteristics of spatial
databases, Data collechon issues incude the cheice of spatial madal o discretizeng
geographic properties, for eample, necrobzing the real world by abiocts v cearly
defined boundaries, defining regions such as polygons with assumed intarol o coenaity,
These spatial modeds are transformed into various data structures such 29 the raster or
vector formats, In this chapter the methads of generation of spatial databos: a0 analysis

is presented.

5.2 SPATIAL DATA FROM 501 TOPOSHEETS

Creating a GIS spatial database is a complex operation, and is heart of the citin: work; it
involves data caphure, verification and structuring processes. Because riv oo jraphecal
data ara avallabie in many different analogue and digital forms such &s LopoEho s, aerial
photographs, satallite imageries and tables, Cut of all these sources, iha sourck of

toposheet Is of much concem to natural rescurce scientist and an environreriaton Inthe

present study, the thematic maps generated from toposhest are, base mop, (70 coge map
and Road network map. These paper based maps are then converted to o I3 wsineg
scanning and zutomated digitization process. These maps are prepared [0 o in stalg



and show the attributes of entities by different symbols or colouring. The location of enbities
an the earth's surface |5 then specfied by means of an agreed co-ordinate system, It &S
mandatory that all spatial data In a GIS are located with respect to & frame of reference,
For most GIS, the common frame of reference co-ordinate system Is that of plane,
arthoganal Carteslan co-ordinates oriented conventionally north-south and east-west, THis
entire process & called georeferencing. The same procedure |5 also applied on remote

sensing data before It 15 used to prepare thematic maps from sateilite data.

5.3 SPATIAL DATA FROM SATELLITE DATA AND PROCESSING

The step-by-step procadure for preparing the spatial data derived from remole sensing

satellite data for the entire study area is discussad as below:

Satellite data processing using image processing software

+ Geoprocessing and Georefencing
» Digital enfancement
s Generation of hard copy

s Generation of thematic maps: Land use [ land cover and soil map.

5.3.1 Geo-coding and Geo-referencing

The following standard technigues have been adopted for gecreferencing of LISS I1I data
covering the study area. ERDAS image processing software has been used for this work.
1:50,000 scale toposhests are scanned and raster file for study area is created. These are
geo-referenced based on the longitudinal & latitudingl co-ordinates. After geo-referendng
all the maps are edge-matched and a digital mosaic is prepared which depicts the continuity
of the study area. The LISS 11T data obtained from National Remote Sensing Agency {NR5A)
s processed for inktlal corrections like drop cuts, stripping and earth rotations ete. Sufficent
nsmbers of well distributed ground control points are selected both on the meps and
enfresponding Imagery, Care Is taken to satisfy the condition on density of GCPs for image
registration. Georsferendng is carried out using ERDAS image processing software. The
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geo-referenced image s further mosaicked and then fealure matching Is carried out. At the
end of this process the digital data which is free from all distortions s available for digital
image enhancement, dassification for land usefland cover map preparation with the help of

visual Image analysis techniques.

5.3.2 Digital image enhancement of LISS I1I data

Image enhancement deals with the Indwvidual values of the piels in the Image, The goal of
spectral enhancement is to make certain features more visibie in an image by brnging out
more contrast. Inital display of LISS mmmhmmmmm
features like minor roads and streams are not dear/visible as the contrast of tee Imageries
very dull because of the raw data vaiues fall within a narrow range. Therefose, an attempl
is made to apply Enear contrast strebch technique in order to improve the contrast of the
image, which can be capable of expanding the dynamic range of radiometric resolution of
LI5S 1T digital data. To perform this technique, Look up Tables {LUT) Is cr=ated that
convert the range of data values to the maximum range of the display device, Basad on
these LUTs an enhanced Image Is produced.

5.3.3 Hardcopy generation

In grder to derive spatial thematic data, a hardcogy of satellitz Image Is generated through
the following steps: .

s Acquisition of satellite data from NRSA, Balanagars, Hyderabed and topesheets from
Survey of India, Hyderabad.,

» Gao-coding and geo-referencing of LISS T digital data by exracting the Ground
Contred Points (GCPs) from SO1 toposheets and GPS Points

« Digital image enhancement and application of comechion medels for making the
digital data free from errors and distortions both radiometry and geometry of the

satellite data,
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« Satellite Image in FOC mode and is used for visual interpretation o extract the
thematic data by applying both pre-visual interpretatian, ground truthing and post
visual Interpretation techaigques,

+ A& sgtellite hardoopy is generated for subsequent analysis,

5.4 GENERATION OF THEMATIC MAPS FROM SATELLITE DATA

The thematic maps namely, land usefiand cover and soil are generated from satelite dgital
hardcopy. The standard basic elements and key elements for visusl nterpretation are
apgplied on this satellite hardcopy digital image so as 1o extract the entropy or information
extent In accordance with the above thematic maps. At the emd of the interpretation
process the above thematic maps i the form of paper based maps are ready for
subsequent scanning and automated digitization and then created a digital database for GIS
data analysis and modeling. The entire procadun i5 discussad in detall In the following.

5.4 SPATIAL DATABASE GENERATION AND ORGANIZATION

Mapping of different themes is carried out using the date derived from remate sensing data
analysis,  supported with ground tnath studies on GIS platform. Spatiel elements of GIS
databaze, which depends upon the end use and defines the spatial data sets that will
populate the database, The spatial elements are application specific and are mainly made of
maps obtained from different sources, The spatial elements are categorized into primary
elemnents, which are the ones that are digitized and / or entered into the database, and
derived elements, those that are derived from the primary elements based upon GIS
operation, To perform this study the spatial database s created with the help of scanning
with autemated digitization and GIS software. Thematic layers are generated for the study
area using the data obtained from Survey of India toposheet, satelite digital data and
ground observations. The step by step procedure for creating the spetial database Is
discussad in the following paragraphs.

50



§.4.1 Flow of Operations in Spatial Database generation

Based on the design, tho steps of database creation are worked ouf and & procedurs lay
dowm,  The procedure for the spatial datsbase oreation adopted in general for preparalion
of all themes is described balow:

Creating Spatial Frame work @ The spatial framework of the GIS database can be
organized in the GIS by specifying the registration points for the @&l detebase and
specifying the registration points for the tofal  datzbase and specifying the ooordinate
system of the datebase. Reglstration points for the tobal area are entered through key -
board,

Master Template Creation: A master template i= created as a reference laver and
consisting of the boundary, drainage and base map features etc. This template is then used
for the component themes digitization.

Thematic Map Manuscript Preparation; Based on the spatisl doemain, the different
themes orented infarmation is transferred from the base map to 8 bransparent sheet
Spatial data manuscripts are consishing features that are to be digitized. And the
instructions ke, registration point locations and identifiers, features codes as per the
defined codes, feature boundaries, tolerance spedifications and cther relevant digitization [
scanning instructions to be followed.

Digitization of Features; The features of the spatial data set are then digitized [ scanned
using the package. The digitization f scanning ks done for each map sheet of the spatial
reference. - The master registration reference polnts are used for the digitization. Esch
theme prepared, digitization & done as @ component Inke 8 copy of the master template
iayer.

‘:uvm Editing: The digitized coverage is processed for digitization errors such as
dangles, constibuting the overshoots or undershoots and labels for polygons. And fnally the
coverage Is processed for topology creation using GIS in ARC [ Info workstation
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Attribute Coding Verification; The attribute codes for the different categories need 1o be
then verified and additional attributes = feature name, descripticn etc. are addad inbo the
feature database. After these operations the thematic coverage are ready for GIS analysis,
5.5 SPATIAL DATA GENERATED FROM TOPOSHEETS
The spatial databases from topashests of Survey of India (S01) relevant for this study are

= Base map

« Drainage map

»  Road network map

« Mandal reference map

« Villzge reference map

= Contour map

= Physiography map

# Slope map

* ‘Watershed map

= Digital Elevation Model (DEM)
5.5.1 Basa Map
Maps are representation of features on the surface of Hha parth drawn to a scale. A
topographic map s & representation of the shape, size, podtion and relation of the physical
features of an area, & base map consists of various featires like the road network,
settlemants, waber Dodies, canals, railway track, vegetation ete, which are delineated from
the toposhest, The map thus drawn s scanned and digitized b get a digital cutput. A map
which depicts the outline structure of the district Is called as base map. The base map s
prepared using Survey of Incia (SOI) tposhests (36F/12, 56P/15, 56P/16, 57M/9, 57M/13,
57M/14, 650/4, 650/8, 6641, 66A/Z, 66A/S) an 1:50000 scale and updated with the help
of satelite imagery. The informabion conbent of this map is used as a baseline data to
finafize all the ether physical features of maps. The fiestures induded in the base map in
general are district boundary, taluky block/mandal boundary, rivers [ water bodies, district /



mandal headguarters, major settlements, major roads, rallways and other towns. The

characteristic feabures of the sbudy area are;

Major Roads
Maicr setilements
Riviers

Water bodies
Rallway line

Forest ansas

Since the toposhests are very old and prepared long back, the major roads, rallways and

the other settements which are redently developed are updated wsing sateflite image and

existing maps. The major seitlements in the present study area are Boliapslls,

Ipur, Makarikabu, Vinukonda Savalayapuram, Rompichera, Narasaraopaet, Chilakalur pet, Pedan

andipadu, Kakumanu Santhamaguiury, ballikuruva, addanks, martur, Yaddanapudi Parchura, Chi

rala karamchedu, Inkallu, Vetepsiem Janakavarampanguluru, Korisapadu, Ma ddisadu, NaguBug

palapadu and Chinaganiam. The major water bodias represertad in the basa map Include

Guncllakamma River and Viogaruvagu, The south central railway line passes through the

shucky area along with the NH-5.awhich connect different places. The base map of study area

has shown in fgure 5.1.
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i 'BASE MAP ’
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5.5.2 Drainage Map

This map consists of all water bodies, rivers, tributaries, perennial & ephemeral streams,
reservoirs, tanks, ponds and the entire drainage network from first arder ariginating in the
area to the last order joining the rivers, tributaries and tanks based an topography.
Understanding the impaortance of drainage depends on the purpose and the objective of the
project. For the present study purpose the following factors have to be understood and
extracted from the study of the drainage pattern, Drainage network helps in delineation of
watersheds, Drainage density and type of drainage gives information related to runaff,
Infiltration refief and permeability,

Table 5.1. Shows Drainage Density Based Critera Proposad by smith and strahler.

Drainage Density | Texture Runoff | Infiltration | Rellel | Stratum

<50 Coarse (High] | High Low High High Impermeahla
5.0-13.7 Medium Medium | Medium Medium | Medium Permeable |
13.7 - 1552 Ultra fine (Low) | Low | High Low Good Permeabls
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5.5.3 Road Network Map

The major and all the minor roads connecting different places of the study area are were
delineated from the toposheet and a road network map was prepared, The rasd nebwork
map was used for the selection of shortest route during the fiald work for the collectian af
Agriculture information from farmers. Transport network interpreted using IRS-1D PAN Data
when compared with 1:50,000 scale SO1 map delineated about 80% of roads as depicted
on map, It was possible to delineate major roads and connecting of aseund 10 m width in
the highly congested wrban areas. Railway stations and marshalling yards, main bus
complexes and main road junctions were clearly identified on PAN data, Monuments like
could be delineated by virtue of their unigue shapes and well defined pattems observed on
PAN data. Recreational facilities and parks are very clearly depicted by PAN data. Other
features like road/rall bridges, brick kilns, field bunds, rows of trees In crohards could be
delineated precsely using the data, Thus, the results of the data conclude that, improwved
spatial resolution of the PAN offers scope to map and urban features on 1: 50,000 scake.
The road netwark map of study area has shown in figure 5.3,
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5.5.4 Mandal reference map

The mandal reference map prepared from survey of India topasheets (1:25,000 scale) and
village maps the map shows the all mandal head quarters and locations of all the reyenye
villages In the district. The boundary of the mandals has taken from SOT toposheets, The
map aiso contains mandal boundaries as shown In the source map, There are 25 mandals &
450 villages in the parts of Prakasam and Guntur Districts, The mandals are Bollapalie, 1pur,
Nakatlkallu, Vinukonda, Savalyapuram, Rempicherla, Namsaraopet, Chilakaluripet,
Pedanandipadu, Kakumanu, Sathamagaluru, Baliikurava, Addanki, Martur, Yeddanapudi,
Parchur, Chirala, Karamchedu, Inkellu, Vetapalem, Janakavarampangalury, Korisapadu,
Maddipadu, Naguluppalapadu, and Chinaganjam, The mandal reference map of study area
has shown in figure 5.4.
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5.5.5 Village Reference map

The village reference map shows the locations of all the revenue villages in the district, The
boundary of the district taken from 500 toposhests. The map ako contains Mandal
Doundaries as shown in the source map, There are 450 vikages & 25 mandals in the parts
of Prakasam and Guniur Districts. A.P. Pellution Control Board supplied this data. The
vilage reference map k& used for location - reference purpose of particular crops and
cropping pattern and Agricultural research stations, Refigious, Historic places, Tourist
places, Handkooms, Tribal areas etc. The village reference map of study area has shown In

figura 5.5,

S0



5.5.6 Contour map

Contour 15 a line joining the points of equal elevation. Contour interval used whie preparing
this map is 20 m. Spot heights are alse included In this map. Elevation of the study area
varies from 338 to 635 m. above mean sea level (MSLY. The maximum of 639 m. height
exists in the village and the minimum in village. This map is used in the preparation of slope
map. The contour map of study area has shown in figure 5.6,
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5.5.7 Physiography map

The purpose of Physiography layer is te understand disposition and distribution of barriers
of winds. The Physiography i prepared using the contours derived from Survey of India
topo sheets. According to the guidelines of Central Pollution Control Board (CPCB), three
Physiography categaries are demarcated in the map as under:

High - Hills and hill ranges with steep slopes generally high hills of more than 200m with
slopes of at least 1:4.5 and all those hills that pose a constramnt for consbnacton activities,
Medium - Moderate slope areas Including undulating land and hillocks.

Low- Gentle slope areas including plains

The high slope areas not only pose physical constrains for developmental acthitios as
barriers for monsoon winds, The plains occupy the major part of the project area, which
Indicates nearly level, genthy sioping and very gently sloping terrain. The next major unit is
the undulating terrain indicating oderately and strongly sioping terrain, which indicates
the steep and very steep sloping along with the residual hills, Thases landfarms indicate the
granie rocks. The schematic representation of Fhysiography map shown in the map, The
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highest elevation in the study area i 920m above msl, which iz while the lowest peint is
90m above msl which Is at SW of Dhamavaram. The Physlography map of the study area
shown in figure 5.7.
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5.5.8 Slope map

Slope of land has a great influence on the soil and water loss from the area and theraby
Infiuence the land use capability, The slope percentage determines the emsion susceptibility
of the soll depending upen the nature and helps in placing the lands In suitable capability
classes,

The classification and methodology is followed from the guidelines of Al India Soil and Land
Use Survey on slope categories vides Sail Survey Manual (IARI 1971), The slope Is dassified
based on the percentage of slope. A land with 5m of vertical drop over a harizontal digtance
of 100m has 5% slopes. Accordingly, 10m or 20m vertical drop for every 100m of horizontal
distance s 10% or 20% slope respectively. The vertical drop is measured from the contowr



irtiervals and the horlzontal distance In between the contours s measured from the conmtour

map by multiplying the map distance with the scale factar,

Slope classification adopted
Serial Stope Catogory Slope Range
M- (i %)
1 Hesrly Level 01
z Vary Gently Stprg -3
3 Gertly Sioping 3-5
4 Srangly Soping -0
5 Moceratoly Soping W-15
3 Moderately Stoop to Steep Skping 15=135
7 Very Steen Siopng >3

In the preparation of slope map GIS Is used for editing the digitized work, especiaily to

dissolve units. This map is overlaid with villsge map to know the sioping categories of each

village. The slope map of the study area shown in figure 5.8

mMmmgmﬁurshpemmawhmmmemtegmaglmhﬂm.

= Siops | Slope

Mo, Slope Category Range | siope categary | Rangs
(in %) {in %)

1 Nearky Level 0-1 Neady Lewnl | 0~ 1

F] Wery Gorttly Sloping 1-3

3 Ganty Shoaing 1-5 Soping Ground | 1-10

] Maderaiely Siaping 5-10

5 Strongly Skoping 1m-15

E Moderatily Steep to Stoop Sioping 1= 35 Siesp Slape | =10

7 Viery Steep Sloping =135
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5.5.9 Watershed map

Watersheds are the optimal fydrologic units for planning and implementation of various
development programs, Watershed is defined as a "Nalural Hydrologle entity that cover a
specific area expanse of land surfsce from which the rainfall runoff flows to & defined drain,
channel, stream or river gt any particular point.” From this generalized definition it emerges
that the size of & watershed is governed by the size of the stream or rver in question or the
point of Interception of the water course like a dam, barrage etc, Obviously no political or
administrative boundaries govern a watershad.

The size of the watershed could be some lakhs of hectares or if 2 small stream is chosen

stage where land development could be of viable size 8 heerarchical approach was
Suggested by the Ministry of Agriculture (MO&), Govt. of India, in 1990, According to
Lentral Water and Power Commissian (CWPC), the country was distinctly delineated into &
Water Resources Regions (WRR).



Reglon 1@ Rivers falling into Arabian Sea, excluding Indus system.

Regicn 2:  The Indus basin in India.

Rigion 3: Rivers falling mto the Bay of Bengal, other than the Ganga and the Brahmaputra
systems.

Region 4: The Ganga systam.

Region 5:  The Brahmapuira systen.

Region 6  Rajasthan.

Mumber of Hydrologic Units at Different Stages of Delineation of our Country

Water Rescurces Regions - B
Basing =
Catchmernts - 112+
Subcatchments = 500+
Watersheds - 3237+
Watershed Codification

Water Resources Reglons are assigned Arabic numbers 1, 2, 3....

Basins are assigned letters as A, B, C....

Catchments are assigred Arabic numbers 1, 2, 3.

Subcatchments are assigned lettersas A, B, C....

Watersheds are assigned Arabic numbers 1, 2, 3....

Thus, watersheds will have the codes like 1A1A1, 2B2A3, JASC4.

It has been suggested that the watersheds could be further divided into sub-watershads,
micre-watersheds and nano-watersheds, The watershed atias provided map sheets of 1:1
milllian scate indicating the codifications up to watershads only.

The size at each stage could be an an average as follows:

Water Resource Regéon - 5.0 la sa.km (+)

Basin : 0.50 la 5q.km (+)
Catchmens : 0.05 la sq.km {+)
Sub-Catchmant - 0,005 la sg.km (+)



Mano-watershad - A few hectares of land

An alphanumerical systern of codification has been suggested by the MOA under this
Eystem:

Water resources regions are assigned numbers 1,2,345 & 6

Basins = AB C...
Catchments -  $Ri 2 RN
Sub-cabchments - AB s
Watersheds - e B JEER

The watershed map is prepared In accordsnce with the National Watershed Atlas (1990,
India is divided into & regions cut of which the present study area comes under Redgion-4
2. the river flowing into Bay of Bengal, The study ares watershed map shown in plate 4.3,
The total area occupied by this reglon is 113048 lakh. Present study area falls under basin-
C l.e. between Cauvery and Krishna basin which has a total area of 14,606 hectares. The
total catchment is divided as 3 and 4 which indudes Pennar {3740 ha) and Pennar Krishna
(2426 ha). The 3 catchment is further divided into A, B, C D etc sub-catchments, The sib-
catcfiment-A Le. Lower Pennar 536 ha ‘consists of the present study area and occupies the
L{Right Bank Pennar) and 2 (Left Bank Pennar) watersheds, The 4 catchment is further
divided into A, B, C, and D ete sub-catchments. The sub-catchment-A |.e. Maneru 479 ha
consists of the present study area and occupies the 1(Bungai) and 2{Upputery)
watersheds. For & detalled study the 4C3A1, 4C3A2 and 4C4A1 watersheds are Rurther
divided inte sub-watersheds {4C3Ala efc.), mini-watersheds (4C3Alal etc) and micro-

watersheds (4C3A1ala etc. ). The watershed map af the study area shows in figure 5.9,



5.5.10 Digital Elevation model

Differential GPS uses pasition corrections to attain greater accuracy. It does this by the use
of a reference station. The reference statian {or base station) may be a ground based
facility or a gessynchronous sateliite, in either case it is a station whose postion s a krnown
point. When a station knows what its précice location & It can compare that position with
the signals from the GPS sateflites and thus find the SA error. These corrections can then be
immediately transmitted to mobile GPS receivers (real time DGPS), or the receiver positions
can be corrected at a later time {post processing).

The use of DGPS can greatly increase positicnal accuracy {in general, the better it is the
more expensive It Is). Some surveying systems can give sub centimeter raadings. There arg
a lok of different differential providers that supply real time and post processing corrections,
many are private companies. The avallability of these services varies greatly depending on
what part of the country you are in. The DEM map of the study area shown in figure 5.10.
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DIGITAL ELEVATION MODEL ‘*_

5.6 SPATIAL DATA GENERATED FROM SATELLITE DATA AND OTHER DATASETS

Before sateflite Images can provide meaningful measuremants to wser, the raw, unbiased
reflectance values received by the satelite sensors require conciderable mathermatical
processing. Manipulations are required bath to register the grid of pixels to spedfic locations
an the Earth's surface and to transform the data into useful Information Understanding the
various algorithms operating on the raw data |s usually beyond the ability of non spedalists,
and the resulting spatial dats must be accepted on Faith, Frequently the result of this
manipulation i dassified data in which pivel values indicate dasses of an attribute {e.g.,
neminal data such as vegetation type or land use classes) rather than Interval or ratio data
classification algorithms and techniques  are among the mast highly disputed in the
discipine (Estes, 1995). Methods for statistically estimating the ermor resulting from the
classification of satellite images have been developed and do provide some quality

assurance (Bumrough, 1998,
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5.6.1 Remote Sensing Technology for Visual Image Interpretation

The procedurs consists of a sst of image elements or characteristics like cobour [ tone,
bexture, pattern slze, shape and so on, which help Im the recognition or interpretation of
various land use Jfland cover feabores systematically on the enhanced satelite imagery
during the dassification of features (Lillesand, 2000) (Table 4.4), The land use/ Land cover
dassification system used in this projiect is the system which is pioneered by United States
Geological Survey (USGS) and is modified by National Remote Sensing Agency{NRSA)
acoording to Indian conditions. A preliminary image dadsification koy is prepared for the
fussed pictorial data and 1S used during Interpretation process. Using the image
interpretation  key, preliminary interpretation of satellite imagery s caried out by
transferting the features from base map on to the transparency. This transparency with
base line data features is then ovarfaid on the satellita imagery. Then the features of LUJLC
are extracted and transferred from the satellite pictorial data. The doubtiul areas [due W
similar spactral response and spectral signatura) identified during the preliminary image
dassification are listed out before ground verfication.  After finalizing the ground traverse
plan the doubtful areas are physically verified and field observation about termain condition
and kand use paktern are noted.  Based on the groumd Informaton collected, corrections and
modifications of miss classified land usefland cover details and doubtful areas are carried
out en enhanced imageries for final land usefland cover dlassification, The final land
use/land cover classes are separated by assigning standard colars with respect to each one
of the land use/fland cover classes. The study area satellite images are shown in figure 4.1,

Figur 4.11. Shows satellite imagery of the study area
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5.6.2 Generation of Thematic Layers
Based on the physical characteristics of the sy ares, thelr sources, method of dervation
of maps (TMSD Technical Guidelines, NRSA, 1335), suitabdlity and environmental sensitivity,

the Following maps are generated.

Land use / Land cover map
=  Waste lands map
» Geomorphology map
» Ground water potential map
*  Ground water table map
= Zoll map
5.6.3 Land Use [ Land Cover Map
l-and use refers to man's activitles and various uses, which are carried on land. Land cover
refers to natural venetation, water bodies, rock/soil, artificial cover and others resulting due

ta land transformation. Although land use is generally inferred based on the cover, vet both



the terms land use and land cover are closely related and interchangssbie. Information an
the rate and kind of change in the use of land resources is essential to the proper planning,
management and requlation of the use of such resources.

Fnowledge about the existing land use and trends of change & essential if the nation is to
tackie the problems assodated with the haphazard and uncontrolied growth, A systematic
framework is neaded for updating the land use and land cover maps that will be timely,
relatively inexpensive and appropriate for different needs at national and stabe level. The
rapidly developing technology of remote s2nsing offers an efficient and timely approach o
the mapping and collection of basic land use and land cover data over large area, The
sateliite imageries are potentially maore amanable to digial processing because the remote
SENsOr output can be obtained in digital format. Land use data are nesded in the analysis of
environmental processes and problems that must be understood if Iving condifions and
standards are to be improved or maintained &L current levels,

5.6.3.1 Basic Concepts of Land Use

Clawson has glven nine major ideas or concepts about land, These are:

1, Logcabien or the relation of a spedific parcel of land to the poles, the equator, and
the major oceans and landmasses. There is also relationship between varous tracts
af land, as well as a political location,

2. Activity an the land, for what purpose this plece of land or tract is used,

3. Natural qualities of land, ncluding its surface and subsurface characteristics and its
vegetative cover,

4. Improvements to and on the land., This is clossly refated to the activity,

5. Intensity of land use or amount of activity par unit area.

6. Land tenure, Le, who owns the land, which uses it

7. Land prices, land market activity and credit as applied to land.

8. Intérrelations between acthities on the land and other economic and .ﬂ:u:ial
activities,

9, Interrelations in the use between different tracts of land,
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5.6.3.2 Aims of Classification

1. The major aim of land use dassfication system is to provide a framework as broad
a5 possible and would cover all the possible types of land use within the country
that could be mapped within certain fimitations.

2. The second objective Is to see the applicability of IRS-IC LISS-111 sateiite data for
definzating various land uss, land cover categosies through computer analysis as
well as visual interpretation techniques.

3. The third objective Is to provide a standardized land use, land cover classification
Fystem, which can be used with the satellit2 imagery available in India, at presant.

5.6.3.3 Land Use / Land Cover Classification

The USGS devised a land use and land cover classification system for use with remote

sensing data (n the mid- 1970, The basic concepts and structure of this system are still valid

today. The USGS dassification system was devised according to the following criteria:

[y The minimum level of interprétation accuracy wsing remotely sensed data should be
at hrast 85%

i) The accuracy of interpretation for the several categories should be about equal

fiiy Repeatable results should be obtainable from ane interpreter to another

) The classification system should be applicable over mdensive areas

v) The categorization should permit land use to be inferred from the land cover types

i}y The dassification system chould be sultable for use with remote sensing data
obtaired at different imes of the year

vii)  Categories should be divisible into meore detailed subcategaries that can be obtained
from large scale iImagery or ground survey

vilij  Aggregation of categories must be possible

B Comparison with future land use and land cover should be possible

%) Multiple uses of land should be recognized

USGS specified the dassification, which is principally of Interest to users who desire

information on a nation wide, inter state, or statewlde basis. Leveds 11T and IV can be



Lutfized to provide information at a resolution appropriate for regianal or kocal planning and

management activities,

5.6.3.4 Objectives of Land Use [ Land Cover Map
The main cbjectives of land use map are,

1} The land use map will be utiized a5 a basic database, which provides the
infarmation for allacating new Tand use practices.

2) It will incorporate demographic, economic and environmental impact, which has
pccurmed in an area.

3) Mot ondy will the Information indicaie wieere intensive desstopment has alneady
taken place and where there s cpen land sultable for future expansion, bug ik will
alen make it possihile to determine spedal areas, such as prime agricultural lands.

4) Land use/ land cover map will serve as a basis for rmonitaring land use change,

5) The land use map will sarve 85 a base in the inbegrated overall planming of
agricuitural and industrial development of the region.

Land use refers o man's activities and varous uses, which are carried on land. Land cover
refers to natural vegetation, water bodies, rock/soil, artificial cover and othars resulting due
to land rarsformation, Although kard use is generally inferred based on the cover, yet both
the terms land e and land cover are desely melated and interchangeable. Information on
the rate and kind of change In the use of land resources is essential to e proper planning,
management and reguiation of the use of such resources.  Knowledge about the exdsting
fand wse and trends of change is essential if the nation is to ackle the problems associated
with the haphazard and uncontrofled growth. A systematic framework is needed for
updakting the land use and land cover maps that will be bmely, relatively Inexpensive and
appropriate for different needs at rational and state lewel. The rapidly developing
technology of remote sensing offers an efficient and timely approach to the mapping and
callection of baslc land wse and land cover data over large area, The satellite imagenies are
potentially more amenable to digital processing because the remote sensor output can be

13



obtained In digital format. Land use data are needed In the analysis of enwironmental
processes and problems that must be understood if fiving conditions and standarnds are to
be improved or maintained at current levels.

Sho | Lawel Lavel 11
11 Resklantial
12 Commendsl and serace
L | o
i bult-up band SpEEEian, commimications and widities

15 Indusirial and commerdal eormplens
15 Miged wrban or buit-ip led
17 Ooher urban or buik-up land

£1 Cropland and pasiure

23 Orchands, groves, viteyands, nursenes and
% Agricubural facd ormamental horticultural ansas

23 Other agrnuitral lind

31 Herbaceous rangslznd
1 Fangetared g!ﬂanMranneliﬂ

41 Deciduaue fonest Snd
4. Farest Snd 42 eengresr forest band
43 Mived forest land

31 Sirearms and canals
52 Lakes

33 Reterairs

% Bays and esnuaries

Bl fomsiad wetland
b i _ B2 rionforested wetland

M Cry mlt fints

12 beaches

73 Sandy greas other than beaches

F Barren Rand M4 Bare exposed rock

75 Strip minses, quaies and gravel ps
76 Transdticral armas

7 Mioed bBaeran Land

81 Sorub and Bush lundra
82 herhacrous hindr

B Tundra 83 Bare ground fundra
5t Wet tundra

&5 Mixed hmdra

a1 Perenrial snovsfickds
o} Faciars

a Parannlal snow or s

{Source: Lillasand, 2000)

Table 4.4. USGS Land Uss / Land Cover Oassification System

5.6.3.5 Remote sensing as related to Land Use

Land is the most important natural endowment on which 2l the man's actiities are based.

The interaction between man and land (Soil), vegetation, water and other resources
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culminates In the development of land use, & sequential development of fand use with tme
reswits In different land utilization pattemns and trends, Growing population and increased
human activities are exerling pressure on limited land resources. This |5 evident by the
decrease In per-captia available cultivable land from 0.48 ha, In 1951 to 0.22 ha, In 1991
the unprecedented demnand on kand for agriculture, urban and Industrisd, mining besides for
forests and pastures (apart from land degradation and erosion) calls for an optimum
uization of and. This - requaes timely and up bo date information about the spatial
distribution, location, extent, type of different land use and its spatial pattern of changes

over a period of time for sclentific land wse planning and management,

Ever since the remetely sensed data are avallable (Since the launch of ERTS-1 in 1972), the
mapping of land use/land cover has gained Importance, Earier to this, the land use details
have been colected by village officers and the surveys lacked, The spatial representation,
refiability are time consuming, By the time the detail are compiled ard reaches the planrer,
the data become obsolete. Remately sensed data, due to its synoptic, unbiased, repetitive
coverage provides reliable information on spatial distribution of land wse, Further, this is the
only souree for the inacenssible areas. Organization like Central Arid Zone Research nstitute
(CAZRI} in Jodhpur, National Remote Sensing Agency (NRSA) in Hydoerabad, Space .
Applcation Center (SAC) in Ahmedabad, National Buresu of Soil Survey and Land Use
Planning (NESS&LUP) in Nagpur, All India Seil and Land Use Survey (AIS&LUS) in New Delhi
and other state remote sensing centers hava been engaged in kend use mapping using
remotely sensed data. NRSA has carmied out land use sunveys in some parts of the country
using Ms5, TM Pavam Terra and recently SPOT and IRS data, Wasteland mapping of the
entire couniry on 1:1 M scale was completed using 1980-82 MSS false colowr composites
based on which around 53.3 million ha, {16.2%) of the totl geographical area of the
country was categorized as wastelands under eight different categonies. Presently land
usefland cover mapping of afl the states and union territories is belng camied out on
1:250,000 scale, -based on IRS IC, LISS-IT image on 1:50,000 scale, besdes other
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collateral data as avaliabée in the form of maps, charts, census records, reports, and Survey
of India topographical maps.

Some of the characteristics of remate sensing which are related to land use miay be inferred
from the criteria given by Anderson. These impartant characteristics are; The interpretation
from one interpreter to another will vary greatly for certain types of mterpretation where
insufficient guidelines or poorly construcied and defined classes are used, Terrsin
appearance and the size of simélar features change from place to place and the level of
avallable detail may therefore change for similar imagery scales. Terrain appearance varies
from sedson bo season, Land usa cannot be read directly from imagery, What can be

obtained from the imagery Is dependent on scale. Land cover must be used to infer land

Lsg.

5.6.3.6 Application of Remote sensing techniques for land use/land cover

Remote sensing technigues provide reliable, accurate baseline Information for g use
mapping. Generalized delineation of land wse classification For farge area and spatial
distribution of land use categories is possible by satellite imagery as & provides synoptic
view. Satellite Remote sensing techniques are halpfud to study changes at regular intenals,
Rapid small scale land use mapping for state and national series an 11,000,000 and
1:250,000 is possible by satellte remate sensng technigues. Satelite remote sensing
pravides data in different bands of the electromagnetic spectrum. Also we can have the
coverage of the same area on different dates. We can combine data in different bands to
produce a color composite. Land use mapping both by visugl interseetation and computer

alded interpretation |s possible by satefite remaote gansing technigue.

5.6.3.7 Methodology for land use fland cover mapping

Flawvchart showing the methodology adopted for land use/land cover mapping is given in
Figure 1. For analysis and interpeetation two types of data are needed:

1. Basic data 2. Ground data
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1. Basic data includes:

{a)
(k)
(c)
{d)
(e)

Satellite data of LISS-IIT
Toposheets
Local knowdedge

Area map on any scale to transfer details

Reports and other litersture of the study aren

<. Ground data: Ground data is very much essential to vernify and to increase the

accuracy of the Interpreted classes and also to minimize the field wark,

Data analysis: For analysis and Interpretation of satellite data, the stidy can be

divided into threa parts:

A Preliminary work

E. Fleld wark

C. Post field work

A, Praliminary work includes:

to see the Emitation of satellite data

to lay down the criteria for and use dassification to be
adopted

to fix the size of mapping units, which depends upon the
scale

interpretation of differsnt land usafiand cover dassas
demarcation of doubthid areas

preparation of field land usefland cover map

Type of ground data to be collected

Selection of ssmple area for final dassification

Checking of doubtful areas

Change in land use/ land cover due to wiang Identification,

fresh development, nomenclature,

)



v, General verification
¢, Post field work:

I, reinterpretation or analysis or correction of douistful areas

i transfer of detalls on base map

i, marginal information

i, preparation of final land usefland cover map
5.8.3.8 Land use/land cover description of Study area:
Present land use/land cover map showing the spatial distribution of vanous categories and
thelr areal extent is vital for the present study. The spatial distributions of various land yses
are Intzrpreted based IRS-ID, LISS 101 data, The differant land use! land cover dasses
existing In the area over space and time are briefly discussad here in their dimensian, The
lznd use \ land cover map of study area has shown In figure 4,12, The wastelands map of

the study area shown In figure 4,13,

LAND UISE | LAND COVER Mop

TH



Takde 4.5, Land Use [ Land Cover classification
Settiements

It &5 defined as an area of human habitation developed due to non agricultural use and that
which has a cover of buildings, transport, and communication, utiities In association with
water, vegetation and vacant lands. Settlements appears as dark biuish green in the core
and biuish an the periphery on satellite Imagery. It may be either big or small In size,
irregular In shape with coarse or mofifed texture, The total settlerments ares In the present

study is about 1126 Ha, which Includes some pasts of Nellore urban ares, etc.

Agriculture Area

It ts defined as the land primarily used for farming and for production of food, fiber,

commercial and horticultural crops. It incuda land under crops (irgated and unirmigated),
fallow and plantations atr.

Crop land

It is evident from the study of the two season’s data that mast of the double cropped area
i5 seen under canal command or ground water imgation area.  The copping Intensity is
high in these areas bacause of the physical factors like flat terrain, good aliuvial soils, good
rainfall and assured irrigation from defta canals of Somasila reservolr, Most of the double
copped area-was found in both banks of Gundlskamma River and ares is estimated b ba

15,305 ha, Single crop area Mfownd to be 11,215 ha.

Fallow lands
Fallow land Is described as agricuftural land which is taken up for cultivation bot is
temporarily aflowed to rest, un cropped for one or more seasons, but not less than one

vear. These lands are particularly those which are seen devold of crops at the time, when
imagine taken up for both seasons. The area under this category is estimated as 11 ha,
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Plantations

It is dascribed as an area under agricultural tree Crops, planted adopting certain agricultural
management technigues. Tt includes cocomut, arecant, citrus, orchards and other
horticuitural nurseries, This mostly confined to the beach ridges, sandy areas and along
river courses. Plantation can be seen very profinently on the imagery with a dark red to
red tone, regular in shape, sharp edges and coarse tn medium texture, Thair size varies
fram small to medium. The area under this category forms 759 ha,

Scrub forest

It is an area bearing an assodation predominately of trees and other vegetation types
capable of produdng timber and other forest praduce. The scrub forest describes as 3
forest whera tha vagetative density is less than 20% of the canopy cover. It is the result of
both biotech and abiotic influences. Serub is & stunted tree or bushy shrub. Mast of the low
Iying hills are in degraded conditions consisting of mixed dry deciduous types of spedes and
It appears as fight green colour |0 satellite Image, In the present shudy scrub forest
itlentified as 1084 ha.

Marshy /! Swarmp Lands

Marshy land is that which |s permanently or periodically inundated by water and is
characterized by vegetation which includes grassss and weeds. This calegory of Jand is
estimated to be 224 ha.

Land with Scrub

It ks the land, whith has an undulating tapography with thin soil cover and scattered trees/
srubs. Thesa lands are being used for grazing and are ideal sites for plantations. 3210 ha,

Water Bodies

The water bodies are identified basad on their tone, regular 1o irregular shape & smooth to
modtled texture on the satellite imagery. Surface water spread of the tank or lake varies
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from season o season. The major river present in the study area indudes the
Gundiakamma River, It appesrs as long, namow to wide feature on the imageny with an
imeguiar shape and a smooth texture, The water bodies mainly tanks in the study area
occupted 3,146 ha and dry river and tanks estimated to be 2,143 ha,

Sandy Area

These are the areas which have stabilized acoumilations of sand in situ or transported In
comstal or rivering areas. The sand area ocours in the form of sand dunes, beaches, channal
sslands etc. The sand area appears In satellite image as white coiour and area estimated as
970 Ha.

Waterlogged Areas

Waterlogged land is that land where the water is atf or near the surface and water stands

for most of the year, such lands wsually ocoupy topographically low hing areas. The area i
estimated as 20 Ha.
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5.6.4 Wastelands map

| WASTELAND MAP |
e
i | .

B Heprrmier

BDME

3.6.5 Geomorphology map

Geomorphography is defined as part of geamorphology dealing with the description of
Earths surface features / landforms, The finkage between the physiographic wnits and
geomorphic units are necessary w relate the landforms and soils. Geomorphology map is
prepared by visual Interpretation of high-resaiutian satellite imagery with the help of Survey
of [ndia Topographie maps and ground truth, Lithology, dralnage and conbour maAps are
considered while preparing the geomarphology map, The earth’s surface can be dassified
into different geomorphic units/land formes based on their physiographic expression, origin,
material content and climatic conditions, ete. Technical guidelines of MNational Remote
Sensing Agency are taken Into considerstion in the classification of geomarphic units, In the
study area, the following elght geomarnphic units are defineated from the satefiite Imagery,
The geomorphology map of the Studly area shown in figure 4,14,



PPS  : Pediplain Shallow Weatherad

VFS : WValley Fill Shallow

FD @ Pediment

PIC & Pediment-Inselberg Complex

I @ Inselberg

DR : Dyke Ridge

RH @ Residual Hil

DH @ Denudational Hil

Maps Derived from Hydrogeomorphology and Ground veater Data

5.6.6 Ground water potential map

The ground water patential map s prepared based on the analysis of various themes such
85 geomorphology, land use | fand cover, limeament, intersection ponts, drainage pattern,
lithological evidences by using converging evidence concept, besides the coflateral data
obtained from State Ground Water Board with necessary field checks, The ground waler
potential map reveals the available quantum af ground water, This map is delinezted into
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three zones High, Medium, and Low potential areas / zones as per CPCR guide fines. The
high potential areas rEpresent areas with adequate ground water resources, low potential
20ne represent areas whers ground water ks not available and the medium potential one

surrounding major tanks such as, Pediplain with shaliow weathering (PPS) Indicating
medium ground water patential which is obsarved n major part of the study area. The
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5.6.7 Ground water tabla map

This map & prepared based an infarmation from the Central and State Ground Water
Departments, besides RECessary ground checks. During freldwork, information about the
depths of water levels ars obtained from the residents and used jn preparation of tiis map.
The ground water table map of the study area shown In figure 4,18,
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5.5.8 Soil Map

Sail Is @ major companent of land system which provides 5 medium for plant growth. The
patentials and limitations of & soil for sustained yse under agriculture, horticulturs,
Sivipasture and forestry as well as (s respanse bo irrigation and other management
practices are controfled by its inherent Qualities and characteristics, The quality of the sail Is
a function of its merpholagical, morephometric, physical and chemical characteristics, These
tharactenistics are expressed a taxonemic dlass as depicted on sl map with locational
reference. Soll mapping of the region is intended to serve as a orucial input for preparing an
Integrated plan for sustainable development of the ares, Soll surveys provide desired
Infarmation on nature, location, extent and physio-chemical characteristics along with their
spatial distribution. Earlier, soil surveys have been carrled oyt using topegraphic maps and
cadastral maps as data base, The development of aarial photg interpretation technigue in
late sixties in India substantially avgmented the efficacy of soil mapping programme. The
kzunch of first sateflite of Landsat series during 1972 and subsequently earth observation

satellites opened a new vista In this endeavor. By virtue of Fairy farge area coverage in



aescrete bonds of the electromagnetic spectrum at a regular imterval besides amenability of
such data to digital analysis on Image processing/fanalysis systems, the space bome data
have been founded to provide timely, reliable and cost-effective infarmation on natural
resources induding soils. Conventianal soll mapping through intensive field traversing Is
tedious, stow and subjective. Application of remate sensing for soil mapping helps to
overcome these shortcomings encounterad in braditional gystem,
The properties and urtinatemeufscmamaﬁfacmﬂtnagrmtﬂxtmtb?dlmaﬂc
parameters, In addition, these parameters also govemn th crop gresvth. Hence they have
been nduded as soll properties, namely soll tarnpersture at vanous categorical levels in sof
taxonomy (LS, Dept. of Agriculture, 1951),
The specific ohjectives of the soil mapging are:

L. Identification, characterization and classification of the &0ils of the area,

2, Genesstion of derivative maps

1. Land evaluation for food/cash and harticuttural oops
Methodology:
The approach followed for definasting soil scape boundaries is a3 follows:
Preliminary visual interpretation:
For preparing soll resources map, 2 collective approach camprising mong scopic visug
Interpretation of IRS -1B, LISS-II] geocodad false colour compesite (FOD) pictere an
1:50,000 scale and adequate field verification along with the collateral data namely
topographic maps and published soil survey reports and maps was adopted. Tepographic
Information taken frem SO toposhests on 1:50,000 scale was suparimposed onto FOC
prings of LISS-TIT data, An image interpretation key In terms of lithalogy, Physiography,
contaur information, land use, erosion status and RS Image characteristics namedy colour,
texiure, shape, pattern, assoclation etc. was developed In arder to correlate them with the
distributien of solls, Sample strips were randomly selected for Farther feld verification,



Ground Truth Collection:

Field visits were made to study scil proflle characteristics and to cormelate the interpretation
units with the solls of the study area. Intensive profile examinations were cartied out In the
sample strips. Soil samples were collectad from representative profiles for analysis in the
laboratory. Random observations were however also made outside the sample strips in
order to account for variation in soil therein.

Post Fleld Interpretation:

The soll profile data along with thelr taxonomic classification werea incorporated into image
interpretation units, Based on observations in the field, sodl boundaries drawn during
preliminary visual interpretation were modified and a legend shoeing soil series and
assodations was prepared. subsequently the soil scape boundaries were transferred onto
base maps prepared from Survey of India toposheet at 1:50,000 scale, The soll map is
shown in Plate 4,17,
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Table 4.6, Shows soll units with 3 ter symbol, description & gl taxonamy



Sadl
Code

Description

100

Soil Taxonomy

Maderately deep, moderatedy well drained, cracking clay,
calcarecus soils with very high AWC, on undulating lands with
moderataly deep, moderately well drained, colcareous, clay

(il

172

Fire, mortrmarillontic, [calcareous), Legtic
Haplusterts,
Finer mixed, (caicareous), Typic Ustmopepts,

Very deeq, well drained, dayey sols with medium AWC, on
wmﬁdlﬁﬂ_ﬂg lands, ﬂw eraded; assoclated with: Deep,

Fine, mixed, Typic Rhodustals
Fine, mixed, Typic Haplustaifs

Shallow, somewhat excessively drained, gravelly clay soils with

Clayey-skeletal, mived, Lithic Liskic

175 |wery kaw AWC, on hills & ridges, saverely eroded; associated IHaplocambids,

with: Rock autenogs _ {Rack |ands

Moderately deep, moderately well drained, cracking elay, Fine, martamarilionitic, (Cakareous),
176 calcereous sofis with very high AWC, an undulating tands, Ustartic Maplocambids

moderately eroded; associated with: Deep, well drained, Fine, mhoed, {calcaresus), Ustic

, Calcaresds snils, . Haplocambids,

Moderalely deep, moderately well drained, eracking day, Fne, montmorilionilis, (calareous),

177 jcalcareaus soils with very high AWC, on gently sloping lands,  [Ustertic Haplccambids,

shightly eroded; associated with; Deep, moderately vl

drained, cracking clay soils.

Fine, mixed, Aridic Haplocambids,

181

182

Shallow, sormewhat excessively dramed, gravelly iocam soils with
wary low AWC, on hills and ridges, with stony surface, very

jsovarely ercded; associated with : Reck autcrops

Loamy-sheletal, mibxed, {Paralknic)
Ustorthents
Roxck lands

Maderately deep, wal drained, gravally laam, clcarecus soils

with very low AWC, on gantly sloping lands, moderately

eroded; asseciated with: Moderotely shallow, well dramed,
avely clay solls,

Loamy-Skeletal, mixed, (cacarents), Troi |
Ustrepegts

Clany-Shialetal, mived, Typic Bhodustalfs,

185

» witll drained, grawelly elay soils with very low AWC, on
reding lands, severely eroded; associated with: Shallow weall

Cayey-skelatal, miwed, Lithic Usropepts
Clayey-skelatal, mised, Lthic Rhadustalfs

Shallow, somewhat excessively drained,

drained, gravelly day sails,
gravelly clay sails with
mﬂ#ﬂ-ﬂ.mﬂlsanﬁ ;

Hdges, severaly srpded; asodated
Hul:l;mrtu'uﬂs

Clayey-Skeletal, mixed, Lithic Ustropapts
Rogk lands

190

Very deep, imperfectly drained, cracking dey, calcareaus =oils
wilh very figh AWC, on gently sioping lands, slightly eroded;
assoclated with: Very deep, moderately wel dralred, cracking
clay, cElcanaous soils,

152

135

Very fine, montmorifoniic, (calcarenus),
Typic Haplustarts

Fine, monkmarilloniti, (Calcareous), Vertic
Ustrapapts,

Very deep, moderately well drained, cracking day, calcareoss
sails with wery high AWC, on undulating lands, modarately
eroded; associated with:

madarately will drained cracking clay sails

iFing, montornarillonitic, {calcareous),

Very fine, mantmorilantic, {aiaEreous),
Aridic Haplusherts,

Listertic Hamplocamibics.

Rock cuterops on hills and ridges: assocated with: Wary
shallow, excessively drained, gravelly loam safls with VEFY loww
AWC, very seversly eroded.

136

RoCE [ands
Leamy-Skeletal, mixed, Lithic Ustorthents

Alack cutcraps on hills and ridges; associated with: Shalkavw
exceasively drained, granvelly Ioam salls with wery low AWC, VETY
severely ernded.

Rock lands
Loamy-Shefetal, mixed, Lithic Ustropapts

209 |

Deep, well drained, loamy sois with high AWC, on undulating
lands, moderately eroded; associated with: Very dee, wel

_jdrained, clayey soils

Fing, mixed, Typic Ustrapapes,

210

211

Deep, well drained, dayey soils with high AWC, on very gently
sloping plains, slightly eroded; assoclated with: Very deap, well
1 =0ils,

'Fing, miced, Typle Usirapept=.
Fine, mibed, Typic Haplustalls

Deep, well drained, clayey sois with high AWC, onvery gently
sloging plains, slightly eroded; assoclated with: Desp, poay
drained, clayey soils,

212

Fine, mied, Typic Ustropepts
Hne, mixed; Seric Tropaguepsts

Deen, well drained, clayey sois with High AWE, on undulating

Fine, mixed, Typic Ustropepts
Chryey-Sheletad;, mived, Typic Ustropejs

Very deep, moderately well drained, clayey soils with high

213 [KWC, on salt pans, surface salt encrustations, strongly saline,
-sightly Maoded; associated with: Desp imperfectly drained,

Fine, mixed, Typic Ustropepes
Fine, mixed, Aquic Ustropepts




clayey scils.

219 [lowdands, shightly Aooded: associated with very denap, well
drained, strabified boarmy sois,

Deen, moderately well drained, dayey sodts with high AWC, on  [Fine, mived, Typic Ustropepts

Fine loamy, mixed, Fuventic Ustropepis

Deap, imperfactly drained, Crxciing ciay sails with very high
716 htr.mmﬂmsaﬂmmmmaﬂmwmrmue,
strangly saline, slightly flooded: assodiated with: Dieeq,
imparfactly drained, o S0l

Fine, montmoslionitic, Typi: Haplusterts, |
Fine, mixed, Aquic Ustrapepts,

mLredy LIAPEY S0NMA,
Deep, imperfecthy drained, cracking day,cakcanious sois with
293 wery high AWC , on lowiands, shallow water table @ assoclated
with : Eiaep,imerﬁa:ﬂrm,nﬁmgmy,mﬂuﬁm
5ils

Fine, mantemarillonitic,(calcareos] |

chramatic Haplusterts

Fine, mantmoriflontitic, (calcareniss), Vertic
stropepls

Dexp, wel arained, gravelly clay sails with surface crusting 2nd
231 flow AWC , on gently stoping plains, slightly erodad: associabid
with: very deep, well drained, clayey ssils with high AWC

i
Clapay skeletal, kaalinitic,brpic Haplusars
Fire, kaclinitic, Typic Listropepts

vmdmp.mdmﬂ,chwmﬁmmmh:emm and
13 mﬂnmmmmmmmmm;
Wm:mm,mnmmgmﬂwdapmm

Fne , kaclintic, Typic Raphuststars
Clayey skeletal, kaolintic, Typic Haplustalfs

\Dieen, wel drained, gravally Sy salls wilh surface crusting and
718 Pgm,mmwmmgmm moderately eroded:

Clayey skeletal, mixad Typic Rhodusabs

Fine , mixed, Rhodic paleustalfs

assoclated with: very deep, well drained | dayey scile
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&. MODELS DEVELOPMENT
6.1 DEVELOPMENT OF CROP YIELD PREDICTION MODEL (CYPM)
The present study In ground data activity, digital data analysis and crop acreage, oop yield
and production estmates, After coliection of historical data from Addanki branch canal
command area and Department of Agriculture, Gowvt. of Andhra Pradesh, the work plan is
prepared. The Ground truth work carried out on near real Hme basis and digita! analysis Is
camed out after getting the digital data. The yield estimation was carried out using satellite
“ based spectral data, historical yvield date and Climatic variables. The estimates of paddy
acreages and yields are evaluated for accurecy and finally, the production estimation of
paddy was attempéed,
The methodology Includes collection of fleldfground truth information, identification of
optimum period for sateliite data selection, selection of image analysis techaiques, “and
selection of methods far crop acreage and production estimates and crop vield prediction.
6.2 COLLECTION OF GROUND TRUTH
Ground truth data collection has an important bearng in most emote sensing applications
(Dozier and Strahler. 1983), Its rode in trop production forecacting includes  crop
identification, condition assessment and vield forecasting, the thres main aspects of crop
production forecasting, Crop discrimination and acreage estimation based on the maximum
llkelihood decision rule, requires ground Eruth data to train the classifier. Collaction of ground
tuth data Involves gathering information on land-cover types, their spatial extent, and
condition, geographical coordinates of the location. Tn crap related applications, ground truth
data collection ks necessarily done synchronous or near synchronous to the time of sateliite
data acquisition in order to maintain the corresponding refations bobween remote sensing and
field observations,
6.3 RECONNAISSANCE SURVEY
Reconnaissance survey is essentially a prefiminary fied survey, which Is done to obtain a
general idea of study area. The feasibilty of using remote sensing data, the logistics that
would be imvolved, while planning field survey for data collection, eft., are ascertained during
reconnaissence, Using inputs from the reconnalssance survey, avallable satellite dats is
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intarpreted, visually/digitally In order to explore the feasibility of crop discrimination, Its
adreage estimation for condition assessment, Cefisterzl daks (2.0, historical crop statistics,
local cropping pattemn, crop calendar) In conjunction with existing satellite data; can be usad
to determine the most appeopriate time for data acquisition (both RS and field), Oncs
feasbility of crop identification and period of data acquisition are established, actual planning
for ground truth data collection may be initisted based on the study of the archived remote
sansing cata, potential ground truth sites are marked an the base map.

6.4 PREPARATION OF BASE MAP

Ease maps for ground truth planning contain administrative bourcaries (e.g. state, cistrict,
mandal, and village), along with major features ke towns\mandal head quartersivillages,
reservoirs, lakes, highways, raliways elt., which may be identifisble on satelite Imagery. The
base map s prepared on tracing fim/paper usually at 1:50,000 scdle, so that they can be
used for visual interpretation of the study area by superimposing the map on FCC prints of
the study area at orresponding scale. A Proforma For collecting crop related information
should also be prepared for field data collection, A typical Proforma for ground truth datg
coliection is given In table 3.5, A sketeh showing the ground truth sites can be drawn an the
reverse of the Proforma.

6.5 PLANNING LOGISTICS

The extent of the area to be covered for data collection will determine the duration to
complete it. Feedback from the reconnaissance and tocal Information can help in planning &
food field survey, It becomes NECessary o have a clear picture of the location and
dﬂtrh.ﬂmﬂmdﬁmlnﬂmﬂdvam-mmbenamedwm'qﬁl selected
Crop signatures on maps at on 1:50,000/25,000 scale. Selected sites are then sorutinized for
acressibility {easy approach and traverse within the st2) and where approach may be
difficult, altemative site may be sebected for ground truth collection. It is often requined to
cover large areas in a short time, the best approach is, and take the help from local officials
and form small teams ard divide the study anea inte as many smaller areas, In general, route
Planning is dore in such a manner thet the maximum area 15 covered with a minimum of

‘dead-run’, In the present siudy the help of officials of Ongole Irrigation  dapartment
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engineers and agriculbure department officials, has taken for ground truth colfection during

In-situ seasons of 2004, 2005 and 2008,

Tabde 3.5: Typical Proforma for ground truth data collectian

DISTRICT | GUNTUR / | MANDAL Date
PRAKSAM | Collected
Crop |__1'. Faddy 2, Cotton 3. Tobacco 4. Sugar Cone | 6. Chillies
Code B.Ground Myt 7. Corals 8. 5un Flower g, 1
Cihers .
| Soll | B. Biack Cotton | R, e W. White Br. Brown M, Mixed
Colar N
Soil | 1. Sandy Clay 2, Sandy Clay 3. Sandy Loamy 4. Lcamy Sand | 5. Qay
Typa Loamy Leam
‘Water | 1a. 5w, Caral 2a. Gw. C. Wl USW + GW | 4a. RW (Sw.) | 5a.
Source | 1b. Sw. Tank 2b. Gw, B 'Wed 3a. Canal + Well | 4b, RW (Ne.) Springs
2c. Gw. T. Well 3b. Tank+ Wall Sh, Filter
[ Peinte
Dat | Village | GPS Coordinates Crop
a of - Economics )
& Cmg’ggg E; Lat. | Long. | Exp | Return
E [+] o a i i ; Per
E 2 = 3 B Per | Acre
= Acr
[~
1.
2.
3
4.
i
& |

6.6 FIELD VISIT FOR GROUND TRUTH DATA COLLECTION

Ground truth data eollaction for crop related studies could include Infarmation on Crop type;

percent canopy cover, spatial extent, phenciogical stage, planting date, expected date of
harvest, avaiability of irigation and Incidencs of pests and diseases, The areas from where

data has been collected, need to be located accurately on sateliite images hence,

their spatial

extent and geographical coordinates nesd to be recorded during data collection preferably on

map tracings. The minimum mapable fisld stee, which s the combined group of contiguous

n



adjacent fields of the same crop, Is of more significance than the size of individual fiids,
Trerefore, a global positioning system (GPS) receiver can help In the acowste recording of
extent and location of a site. During data eollaction for the complete enumeration approach,
It 5 necessary to ascertain that the sntipe range of spectral varabdlity in the area gets
represented and the sites should be uniformiy distributed, Presdmity of ground truth stes, to
unambiguously identifiable ground control poifts is desirable, though not always possibla,
When accuracy assessment Is undertaken, wall-to-wall ground truth dats coliection is usually
done Invalving the collection of field-by-field Information on various fand cover classes. A
cadasiral map of the study &rea can be used for the collection of field-wise iInformation.

Field information collected neads to be compiled probably for future wse. For any region
which has been traditionally under 2 particular crop, the year-to-year changes in the cropped
area needs to be recorded and in case of paddy, the rationing of oop owring next paddy
season is obviously noted down, The crop sites, which are moee or less imvariant in type and
extent, can be used in the supervised maximurn ikellhood dassification avery paddy seasan,
withott having to vislt the site sach time,

6.7 IDENTIFICATION OF OPTIMUM PERIOD FOR SELECTION OF SATELLITE DATA
The most important step in the selaction of satedlite data is the identification of suitabile cloud
frez satellite data sats, when the crop Is significantly manifested on the safetiite data, The
trop calendar of the study area is useful in determining the optimum peried for acquisition of
satedlite data, which coincides with peak vegetative growth, Crop calendar also provides
information on presence of other crops present in the study area at a given time and their
probable growth stages, thus Paving way for digital classification of satelfte data. Tha oop
calendar for the study area as obtained from reports of depariment of agriculture; Gowvt, of
AP,

The optimum acquisition periad fior selection of sateliite data may shift from year to year
based on the sowing/planting schedule, Besides different mandals may have different
growing periods for the same crop, An example would be the tabacco growsng season in
Karnataka & entirely different from Andhra Bradesh,
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6.8 SELECTION OF METHODS FOR CROP ACREAGE AND YIELD ESTIMATION
In-traditional methods, the crop acreage estimation s obtained throwgh enumeration made
by the land revenue afficials using complete enumeration and sampling approaches,
However, these estimates are likely to have human ermors and are available only after harvest
of the crop. However, remote sensing techniques can be used for crop acreage estimation
either visual interpretation or by digital image processing even before the harvest of crops,
The limitations of visual interpretation technigues are highly subjective in nature, becausa of
difficuity in the detection of minor changes in the radiance values of different crop/vegetation
types. The advantage of digital image processing is less subjective, because of possibllity to
detect minute subtle changes in the radiance valyes of land cover types induding crops. With
availzbllity of image processing systems and efficient saftware, digital techniques for crop
area estimation in very large areas, requires less time and man-power compared to visual
interpretation technigues. Therefare, digital techniques are adopted For oop  acreage
estimation, crop condition assessment and yieid forecasting in this study which are discussed
below,

6.8.1 Total enumeration approach

In this approach, the administrative boundary of the study area (districty mandalvillage) is

overlzid on the image to extract all pixeis befanging to the study area, The classification of

multispectral data, pixel by pixal is carried aut using available dassification alqorithms, such

&% maximum likellhood dassifier, In this procedure, crop map showing spatial distribution of

different erops could also be generated, in addition to paddy in the study areg. In the present

study, the administrative boundary layer approach was Lsad for acreage estimation of paddy |
- trop at command area level as well as mandal fevel,

6.8,2 Digital data processing and analysis

Digital data pertaining to the study area Inﬂmfwmdﬂlg’hlmdaﬁ'smprmﬁand

analyzed in Centre for Environment, IST, J.A.T.University, Kukatpally, Hyderabad,



6.8.3. Geometric correction

After loading the data, the quality of the sateflite data was checked, The contrast in FCC
tmage of IRS was improved by histogram stretching of raw data bands. Geometric comections
Iﬂhdlgialdatanarﬂ&dmﬁhymgistﬁngﬂmdijﬁldalawim lopegraphical maps of
survey of India through ground control points already identified and by developing mizp to
image eo-ordinates transformation equation. The data i resampling using transformation
equation developed and village boundaries are digitized on to the data.

6.8.4. Fusion product

A combination of NIR, red and green bands coded in RGE filters, respectively to generate a
Falsa Calour Compasite (FCC), where in wegetalion appears as red/magenta. This is known as
standard FCC and wseful for interpeatation of various land use/cover features. Fusion of an
RGE colour image on an input file with black and white Intensity image and resultant Image is
an RGE colour image with the spatial resclutions of intensity image i, finer resolution for
improving the detection capabiliies of small size objects on land surface, This image |s known
as fusion/merged product and Intensity-Hue-Saturation (THS) model i= used for ks
gengration. In the THS model, the Red, Green and Blue Image channels wers convertad to
Intensity, Hue and Saturation channels and inversion of these channels into RGE |5 the
merged data product, The IRS  LISS-IIT dats having 23.6 meters spatial resolution was fuesd
With RS panchromatic data (5.8 meters resciution) and the out put image is FCC with spatia
resolution of panchromatic data. This merged FCC is wsed in wall-to-wall ground truth
cellection and estimation of paddy acreage at mandal jeysl.

6.9 YIELD ESTIMATION

The variows possibilities of crop yield estimations using remaotely sansed data and other
collateral data for yield modaling are discussed in this thapter, Yield models are developad by
relating various vegstation indices (VT} desived from spectral dats with the measwed grain
yield (or raw paddy yvields) from selected sample areas. Vegetation indices are indicative of
plant biomass or LAI or physiclogical processes like photosynthesis and evapotranspiration. In
the present study various vegetation indioes like RVI, VIN, NDVI, TVI and SAVI were related
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to paddy yields in order to evaluate their sultability towards paddy crap yield modeling using
the Tollowing types of maodels,

6.9.1 Spectral yield models
Spectral data from a orop is an integrated mirnrrﬁstatlmnfmeﬁecturﬂﬁcrtnpmm
stage, condition and emvironment, Absorption in red regicn and high spectral reflectance in
the near-infra red region are characteristics of vegetation, The radiance measured In red and
NIR regions and their ratio, Normalized difference; linear combinations etc., defined
vegetation indices (VI) are indicators of wigour and thus can be refated i yeld, The
methodolegy used for deriving the relgtionship babween yield-spectral indewas for paddy crop
Is showing. Twe common approaches used for yield model development are 1) Regression
models 2) Crop Growth Profile based models are discussed below,

6.9.2 Regression models

In this appeoach, spectral data or Vs are related to the crop yields measured, which is
basically a statistical approach, The speciral VI's of the crop at a particular sEge (normally
peak vegetaive growth) masdmum LAI} are related to its yield through regression techniques.
Measurement of VI made fram remotely sensed data acquired at crop stages other than peak
vegetative growth stage generally do not relate well to vield and should be avoided. The
mﬂmkv&gmummgewmrthemn-upmdﬂer in different regions
based on existing agro-climatic conditions and cuftural practices, The local crop calendars and
In-sity ¢rop sowing information may be used to dedde the date of remote sensing data
acquisition,

6.9.3 Crop growth profile based model

EMammﬁmmmwmnmmmmmeﬂl plot of spectral indices, A
mathematical function fitted to this temporal spectral pattem is known as specral crop
mmm.mmﬂmmmﬂmﬂsmpﬁ:memﬁm cover of tha crop.
Crop growth profile can also be used to derve irformation on the crop stage for a given
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remcte sensing acquisition date, normalization for data acquired at stages other than peak
vegetathve stage, aop vigour and crop identification, Since, yield Is not directly obtainable
from remote sensing data; an assumption based en functional form is wsed for such relations.
Normally, a linear relation is assumed for vield-spectral Index data sets. In order, to achieve
consistency of refations in time and space, the exercise of generating VI should be repeated
for three or more years, The analysis for the development of a modsd shoild be done on
multi-year data sats,

_ 6.10 TIME SERIES MODELS

The variation of crop yield in an area during different years is dwcked using historical data,
The analysis of these data to devefop a model (s mainky done using two methods: (1) Trend
analysis and (2) Auto Regressive Integrated Moving Average (ARIMA) as damonstrated by
Box and Jenkins (1976).

6.10.1 Trend analysis for yield modeling

In regression analysis, external variabies such as rainfall, temperature etc,, are considerad as
explanatory independent varisbles to “explain® the varlalion in dependent variable such as
yeld, Substibuting time as an indapendent variable in a regression eguation leads to the
concept of trend line. One can use frear ar non-iinear trend relationships with tme, Time &
hot 3 causal or explanatony variable in the conventional sense, nevertheless, an increasing
trend for example, with high RP™ value may Imply that the underhing technodogy
improvement varlable can be used along with other external variables such &s rainfall,
temparature, etc. In a multiple regression equation, showing non-linear trand {Makridakis and
Wheshwright, 1978), In the presant study, regression and trend anakysis modefs were used
for prediction of vieids of paddy In Addankl branch canal command area,

6.11 VEGETATION INDICES

Based on this concept, many vegetation indices (VIs) have boan develcped that have spedfic
features concerning the range of vegetation cover, Vis has been used since the LandSAT
satellite became operational. The vegetation indices provide information on the state of
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mnmmmlammu.mlammtuawmmmﬂw
and land use, and provides thus a means of moniteding and estimating changes over tme
{Dadhwall & Ray 2000, de Wit & Boogaard, 2001, Glelen & de Wit 2001). The commonky used
VIs includes.

6.11.1 Ratio Vegetation Index [RVI)

This is the simplest form of ratio-based wegetation indices caloulated throwgh the use of
Infrared and the Red band of the electromagnetic spectrum. It is calculated as follows;
RVI=IR/R

Where:

RVI = Ratic Vegetation Index

IR = Infrared band of the electromagnetic spectrum

K = Red band of the electromagnetic spectrum,
Thishilsseemtuhemnremembvﬂ‘emwmmﬂe Image due to atmospheric
condition (Glelen & de Wit, 2001).

6.11.2 Normalized Difference Vegetation Index {NDVI)
This vegetation index is @ ratio based VI lculated by the difference of the Infrared and red
bands as ratho to thelr sum, Thus:

NDVI = IR-R/IR+R

- Whare:

NDVI = Normalized Difference Vegetation Indes

IR = Infrared band of the electromagnetic spectnam

R = Red band of the electromagnetic spectrum,

Through this nﬁ'mailsattm, the values are scaled between -1 and +1,

RV1 and NDVI are related to vegetation amount unti| saturation at full mnooy cover and ara

therefore related ko the béophysically actve radiation, efficiendas and productivity {Rondeaun:
etal. 19987,
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6.11.3 Other vegetation indices

Other vegetation indices that take into account the soil effect on vegetation reflectance,
especially at low vegetation levels, have been developed. These indices assume a linear
relationship between near infrared and the visible reflectance from bare sol, These Vic
provide Detter results than NDVI at low vegetation cover because they eliminate ﬂ-ra S0l
background effect. These Vs indude Perpendicular Vegetation Indsx (PVI), Weightad
Difference Vegetation Index (WDVI), Soil Adjusted Viegetation Index {SAVT), Transformed Sall
Adjusted Vegetation Index (TSAVI) and the more recently introduced Modified SV [MSAVT)
(de Wit & Boogaard 2001, Huete 1988, Qi et al. 1994, Rondeaws o al, 1556).

6.12 IMPORTANCE OF NDVI IN CROP YIELD PREDICTION

Out of all Vis, the Normalisad Difference Vegetation Index {NDVT) =tands qut and is regarded
85 an al-purpose index, This VI is the most widely used and well-understood vegetation
fndex (de Wit & Boogaard 2001). It Is simpke to calculate, has the best dynamic range and
hasﬂmbastﬂmmmmmgmﬁunmfﬁjﬂen&demtﬂﬂﬂl:l.nmtaan
found to correlate better with yield than other wegetation indices and thus continues tn be
used as a vegetation/biomass Indicatar wng remotely sensed data (Andrew et al. 2000,
Mohd et al. 1994, Singh et al. 2002},
6.13 DEVELOPMENT OF RELATIONSHIPS BETWEEN VEGETATION INDICES AND
YIELDS

- T classified image is further processed to generats a binary mask, which is having '1' for
each of the piels bedanging to paddy, and zero for other land use/ cover types. Thus, the
crop mask i superimposed on original four-band data for gensration of VI's belonging to the
orop of interest for further analysis. Computation of spectral vegetation Indices im'c-h'e-s_: ratio
(NIR/Red) or Normalized Difference Vegetation Index = (IR-red)/{IR+red) e.q. for IRS date
Digital Number or Radiance Value of Band#4 and Band#3 pertaining to the crap of interest
was used, In the first Instance, the regression equation was developed using VI vadues and
vields obtained from individual fields In the study area. Thess relations were further used n
the development of prodisction estimates,
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The development of modal iz dane using multi-year data sets and the steps are a3 follows:

Year-wise scatter plot of vield Vs fpectral-index is prepared at command area level
and tested for the functional form of the refation, outliers and natural groupings
within the data set.

Functional foem of the relation {normally inear) is established and the outliers are
Sereened out on the basis of statistical eriteria, Further, analysis is performed on the
data sets pertaining to all the YEars.

The equations are examined for the stabifity of slopes and intercepts through
statistical significance test. Similarity of high regression coefficients far different yaars
Indicates a good relation to develop a possibie spactral yield modal,

Data sets of the years giving similar regression coeffidents are pooled and rEgression
analysis is performad again.

The spectral yield modal s updated by poaling the fuccessive year's data on yield
and spectral Indices using the above steps.

6.14 METHODOLOGY ADOPTED FOR NDVI BASED CLASSIFICATION
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6.15 CROP YIELD PREDICTION ANALYSIS FROM NDVI DATA FOR YIELD

PREDICTION

Standing Crop
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6.16 RESULTS

The sleven data sets of satellite data were available to assess the: crop growth and condition
In the study area during paddy growing season of 1996 to 2006. The data was used for
delineation of various agricultural land use | land cover classes in the study area, The mango
orchards, which are permanent in nature, have shown significant changes in the spectral
values after fall of leaves and as the new leaves are emerging. The cotton present In the
study area along Gundlakamma River has distinctly different spectral reflectance and can be
observed from 1006 to 2006 omwards.

6.17 ACREAGE ESTIMATION

The acreage nﬁtlrnaﬁm af paddy crop was carred out on Beundary mask approach in the
study area of Addanki brench canal eommand area pans of Prakasam and Guntur districts,
Andhra Pradesh, The training areas were generaled for all dlasses in the study area based on
ground truth information collected during field checks on near real time basis, The spectral
signatures were generated for paddy crop at different ages, mango, banana and other land
use clzsses in @ spatial domain. Spectral separabiity analysis revealed that paddy crop has
higher DN values as shown and s separable from other vegetation dassss In the study area.
Several factors such as soils, agricuftural inputs, fertifzers and climate Influence spectral
Signatures. The spectral reflectance is the manifestation of all these factors signifying the
vegetation vigour.Then the supenised maximum ivelihood dassifier was employed for
Classification/categorization for furthar acreage estmation, The NOVI data sets of Addanki
branch canal command area are shawn In Mg.6.2 to 6.23 for the seasons of 1996 to 2006,
respectively and the acreage estimates of paddy obtained using remote sensing data and
bureaus of Economic and Statistics are presentad in taldes. 1. And figure 6.1 shows anmusl
starding paddy crop diagram.,



Table: 6.1 Paddy acreage estimation using RS data and BES, Govt. of AP

Year Area in Aores
Remole sensing EES Estimata
1596 5322137 932200.1
1997 9543241 9543241
1958 EED4508 8504595
1904 EJEFEF 3142320
2000 E914326 B314340
2001 57632 SARTH2
2002 2651554 265125.3
2003 225093 9 235090,
2004 74387.95 74340.21
2005 3873535 3E72926.5
200% A06R16 4966320 3

Figure 6.1 shows annual standing paddy crop diagram,
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The relative deviations betwaen remote sensing estimates with Bureau of Ecanomic Statistics
estimates are varying with In the limiits of plus or minus § percent, which s statistically
acoeptabie. The changes in acreages between 1995 to 2006 eropping seasons is related to
secio-economic factors such as remunerative prices to paddy output and alternate €rops In
the study area. The forest areas and cther Crops in the study area were masked with digital
masks,

Figure 6.2 shows NDVI image of 1995

Legend far NDVI image

.
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Bare Grass 0.3 -
Land {Pasture Marsh 0.4
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Figure &.3 shows paddy image of 1996

Figure 6.4 shows NDVT Image of 1997
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Figure 6.5 shows paddy image of 1997

Flgure 6.6 shows NDVI Image of 19598
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Figure 6.7 shows paddy image of 1938

Figure 6.8 shows NDVT image of 1992
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Figure 6.9 shows paddy image of 1999

T
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Figure 6,10 shaws NDVI Image of 2000
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Figure 6.11 shows paddy image of 2000

Figure 6.12 shows NOVI image of 2001
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Figure 6.13 shows paddy image af 2001

Figure 6.14 shows NDVT image of 2002
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Figure 6.15 shows paddy Image of 2002

Figure 6,16 shows NDVT image of 2003
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Figure .18 shows NDVI image of 2004

Figure 6,19 shiows pﬁﬂdl'r J.mam of 2004



Figure 6.20 shows NDVI image of 2005

[



Figure 6.21 shows paddy image of 2005

Figure 6.22 shows NDVT image of 2006
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Figure 6.23 shows paddy image of 2006

6.18 DISCUSSIONS

Throwgh Integration of remotely sensed data, land factors and management aspecs, an
assessment of figld level vield prediction has been executed, It # shown that 3 combination
of NDVI, fand and management parameters can Improve field level yield prediction above use
of NOVI alone. Tt is found that the avallability of water, the weeding method, the number of
fertiliser applications, soll type and the date of transpfanting explain yield variabidity. The date
of transplanting and the soll type are found o refate to the NOVI variability at field level.
These points are observed under below.

1. From ouwr study we conduded Decemnber manth Is the |deal period to estimate the crop

yiedd through remote sensing (NDVI).
2. In Nagarjura sagar commend area max rainfall ocourmed during the north east monsoon

(September and October) due to due to cyclonic activity In Bay of Bengal December
month s ideal period.

6.19 RECOMMENDATIONS

This study has developed a yleld prediction madel for fiskd level. The data used in this study
was provided by farmers through interviews. As such there might be a lot of ancmalies in the
reported data that has to be verified before final condusions are drawn on its accuracy and
applicability. There is need for further research to find more factors that can explain yield
variability at field level and Improve the model. Based an this the foftowing recommendations

are dravwn:

= There is a need for Further Investigation on the factors that contribute to yeid
varlability at field level. Factors such as soil type used in tiis study were at higher
level and more generalised, developed from 1:50,000 maps. As such, it could not
provide detailed variation that may occur at field level. There |s need for detailed
study an the soil characteristics at field level and include factars like pH, texture for
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specific areas [ flelds which have a significant effect on water holding capacity,
nutrient avallabdity and vield,

This shudy observed that there is no relationshio between N: P K and yield and N: P;
K and NDVI. However, all the farmers applied fertiliser at different times, different
rates and types. Therefore, it Is proposed that an in depth study on fertiser pse
effidency i requred to estabiish fertiliser utiisation, losses and the gaps misting at
field level,

The water being used for irigation Is mainly canal water, which is released into the
paddy fields. There Is need to assess the quality of water, canal waler recharge and
spedfic canal water depth for the area, which may have impact on water avallability
and yield,

In the analysis, it has been shown that other vegetation indices (including those that
take into account soil influsnces) have not performed better than the NDVL
Nevertheless, these have been claimed to perform much better than VIs that do nat
take Into account sofl influences on refiectance. In view of this it is suggested that
there fs need to find and establish specific soll reflectance in the area and apply the
actual soll reflectance when dealing with soll adjusted Vis rather than wsng the
generally appiied factor of 0.5 for all the soils and at any wegetation density.

The study did net consider the previous land management practices, which may have
@ ressdual effect on crop growth and production, Zine is normizlly applied at two-year
intervals and this has not been considered. If some Farmers applied Zing in the
Previous season or prior o the season is in question. Howewer, It is important to
assess this and inconporate into the model if found to be sianificant.

6.20 MULTIPLE REGRESSION MODEL DEVELOPMENT

The relationships and effects of land and management aspects on yield and NOVL Some [and
and managemeant parameters had a significant effect an yield and NDWL This is explored and
established a yield prediction model based on NOVI and significant land and maragement

parameters. Stepwise forward multiple linear regression was applied to build the model, This
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selected only these parameters that strongly and significantly explained yield variability,
Stepwise forward regression adds variables to a regression model for the purpose of
identifying 2 useful subset of predichors. Repeated ‘trial and emror’ attempts were done te
identify interactions between parameters and to explore unespected sign of coefficents.
Hundred and Rinety samples were randomly selected from the yield data and reserved for
mode testing. Multiple regressions were then applied to the remzining set of data, Al the
regression models were weighted by a quality weighing factor as explained to standardise the
data,

6.21 NDVI PREDICTION USING LAND AND MANAGEMENT PARAMETERS

Al the significant variables were entared into the sepwise multiple regression to select the
best subset that explains the field level NDVI varlability, Through repeated trial snd errar, 3
variables were selected as prediciors explaining 21.0% of NDVI variability, The purpose of
this was to identify which parameters can explain the NOVI variabilty to avoid auto
correlation when buillding the final madel, The regression eguation is;

NEWT matx = 0,4603 —0.002 (DOTI} + 0.0435(Soil code_n1) + 0.0437(Sall code.n2 )

Whera:

NOVI max = Predicted field l=vel maximum NDVI

DOT] = date of transplanting

Sedl code_nl= if rice is grown o soil sub-group E

Soll eede_n2= If rice ts grown an soll sub-group B

The medel suggests a negative effect on NDVI with defayed planting and that high NDAVI
values will be abtained If rice is grown In S0l code N1 and N2, Table 5.1 shows the
coeffidents, t values and p-values for each predictor in the model, The date of transplanting
cross-elates betwesn NOVI and yield data.

Table 5.1 shows coefficients and p-values for NOVI prediction maod,

Constant = 0.4603 F2 ad] = 21.09
Prisdictor Coefficlent T P
Date of transplanting | -0.0020 2.7 l!.'l.l
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If Soll sub group E 0.0435 21 0.05 |
If Sodl sub group B2 | 0.0437 2.0 0.56

6.22 INTEGRATED YIELD PREDICTION MODEL

The final stage was to buldd an integrated yield prediction model based on NDVI, land and

management factors. First, was to establish a yield pradiction model without NDVI for tater

comparison. All the management and land variables that were significant were entored into

the multiple regressions. The best selected predictors explained 38, 1% of the yleld variability

hﬂwm,ﬂmmgrﬁﬁsiﬂnmmnﬁsgimbefmn

Yield = 6046 + 1142(Soil code_n1) + 962(WS_NS) -1370 (APP_3 )

Where:

¥ield = yleld (kafha) predicted by land and management factors

Sall code_nl= Soll sub-group E

WS5_NS = If there is no water shortage

APP_2 = If fertiliser |s applied only twice

The results suggest that if land and mangement factors are considerad for yield prediction,

38.1% of the yieid variability will be expiained by the model, Table 5.2 shows the coefficients,
. bvalues and probabiity level of the predictors,

Table 5.2 shows yield prediction model using land and management fackoes.

Constant = G046 R2 adj = 21.0%

Predictar Coefficlent T p
Mol subgrowp B | 1142 2.7 0.01

If no water shortage | 962 3.z 0.001

IF fertiliser is applied | -1370 2.4 0.02
[iyns

The final viedd prediction model was done by entering NDVI values andt all the Significant
variables that were not related to NDVI prediction Into a stepwise multiple regression to
. select the best subest that explzins significantly yield variabilty at field level, The model
selected four variables, explaining 45.8% of the variability, These four predictors provided
better results than any other combination, The model is defined by:
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Yield = 3027 + 7751({NDVImax) + 1030{WS_NS) — 648[WM2_H) - 1126{APP_2)
Where:

Yiekl = Predicted yield (ka/ha)

NDVI max = field level NOVL aggregated by madmum

W5_NS = if there is no water shortage

WM2_H = second weeding if done by hand weeding

APP 2 = if fertiliser |s applied only twice instead of three or more

Table 5.3 =hows the results of the model,

Tablz 5.3 Yield prediction model using NDVI, management and Land,

rﬁémmm = 3027 | R2 ad) = 45.08%
Predictor Coefficient T lp
NDVI 7751 29 001
If no water shortage 1030 ia 0.0
I second weeding s done by | -64B |23 0.02
hand
If fartiliser is applied only twice <1126 -2.0 .06

Figure 5.1 shows a scatter diagram of the relationship between predicted yield from the
independent data against reported yield and all the data against reported yield, Fitted with a
regression kne of all the samples. The Bne plaing 12.4% of the yield variabiity (p = 0.01)
with a regression equation Ypred = 5891 + 0.24(reported yield). Table 5.4 shows the results
of the predicted yields from the hundred 2nd ninety randomly selected samples.

Figure 5.1 shows a scatter diagram of the relationship between predicted yield and reported
yield
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Predictad yield (kgha)

s
L]
5500 A | A Aldas
5000 . : I T -
3500 3800 4500 B500 6500 7SO0 RSO0
Repariad yiekd (kgha)
Table 5.4 shows test results of the integrated made,

Reported ]R.Ep-nrhd Difference | %

yield (¥r) | yield {¥r-¥p) Difference

(Kg/Ha) | (Yp)(Kg/Ha)  (Kg/Ha) ((¥r-¥p)/
LONGITUDE | LATITUDE | NDVI Yr) * 100
79.79286 | 16.137498 | 0.40112993 | 6916.5606 | 7000 BLA303%9 | 1.176963
(799930 | 16.127116 | 0.40115761 | 6916.5010 | €500 4189119 | -6.054502
7983076 | 16.231204 | 0.40127388 | 6919,2976 | 7300 2B0.70242 | 4.056805
| 7984504 | 16.093371 | 0,40127388 | 6919.2976 | 6900 C19.29758 | -0.276605
79.79182 | 1611232 | 0.40136054 | 6919.7357 | 6800 -119.7357 | -1.730351
79.87722 | 16,101158 | 0.40136054 | 60197357 | 7100 180.26436 | 2.605074
79.94061 16.071048 | 0.40136054 | 6910,7357 | 7300 380.26426 | 5.495358
79.74666 16.114916 | 0.40145984 | 6920.2377 | 7200 279.76232 | 4.042669
| 79.76767 | 16117511 | 0.40157479 | 6920.6185 | GAOG 1208185 | -1.745726
BO.0G437 | 15.062027 | 0.40157479 | 6920.8185 | 6900 -20,81855 | -0.30081

120




79.78741 16121924 | 04025974 | 6925.9788 | 7000 74.021188 | 1.068747
7583102 16.236396 | 0.40277779 | 6926.8878 | 7100 173.11275 | 2.499135
9. 73565 160663628 | 0.4027F7F9 | 6926.8879 | 7200 27311225 3.942784
79.81882 16.239251 | 0.40579709 | G942.0408 | 6600 3420908 | -4.927093
BO.06412 | 15.050606 | 0.40645161 | 69453108 | 6700 2453108 | 3532005
79.87515 | 16.086622 | 0.4074074 | 6950.0765 | 6500 1500765 | 215955
79.83154 | 16.236396 | 0,40039506 | 6950.956 | 6900 59.95587 | -0.061442
79.89903 16.131528 | 0.4108527 | 69671629 | 7000 32837138 | 0471313
79.84893 16.071048 | 041605839 | 6992,7057 | 7200 207.29029 | 2.964377
70.67359 16.097784 | 041605839 | 6992.7097 | 7100 107.29029 | L534316 |
B0.24011 15.886751 | 062616825 | 7B22.1517 | 7300 -522.1517 | 6675295
B0.27463 16.015759 | 0.62B31B61 | 7829.1077 | 7300 -520.1077 | -6.758212
B0.24737 15.86078 | 0.63302B6 | 7B47.1433 | 7400 -447.1433 | -5.698167
80.27255 16.030554 | 0.63451779 | 7B49.0283 | 7500 3490283 | 4446771
B0, 16483 15.669994 | 0.63876653 | 7B6L.5692 | 7300 -562,5692 | -7.15503
B0.25464 | 16.006673 | 0,69035088 | 7667.5955 | 6500 136759 | -17.38264
80.25257 16.029256 | 0.64824122 | 7892 4430 | 6600 1292444 | -16.37571
80,3756 15.998627 | 0.65644169 | 7917.9505 | 7100 8179505 | -10.33033
80.24504 15877406 | 056371679 | 79403134 | 7200 -740.3134 | -9,323479
80.16665 15689734 | 0.66666669 | 79493114 | 7400 -549.3114 | -6.910175
8023517 15.883636 | 0.67099565 | 7962,444 | 7100 -B62.444 | -10.8314
B0.25308 16.029256 | 0.58224290 | 7996.1725 | Go00 -1096.172 | -13.70671
70.94705 16061184 | 0,41333333 | 6979.3766 | 6400 -579.3766 | -B.301266
79.56702 15.586427 | 0.91843972 | 7004.2897 | 6500 -504.2897 | -7.199726
79.91252 16.135841 | 092068964 | 7015.1702 | 6600 -415.1702 | -5.916178
79.92862 16.056512 | 0.42465752 | 7034.2178 | 6700 -334.2178 | 4751314
EDOGI0E 15964363 | 0.42635658 | M042.3196 | &BOO -242. 31596 =3 440007
T9.88TR1 16.099082 | 0.420857143 | 70528327 | 60900 -152.8327 | -2.166968
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79.91019 16.132567 | 0.43055555 | RO02 045 | 000 =02 20447 -(LEBBOROA
7983076 16.084286 | 04326241 TO71.9058 ?.'-!'[i] 128.0708 LB10o74
7992239 16.067673 | 0.43478259 | 7082.0273 | 7100 17972677 | 0.253779
7982738 16.07508 | 0.44776121 | 71417082 | 7300 158.29177 | 2.216441
80.28994 15.988244 | 0.61165047 | 7774.5552 | 7400 -3745552 | -4.B17706
80.25049 15874031 | 0.61320752 | 7778.7138 | 7500 -279.7138 |-3.595425 |
80.2427 16002001 | 0.6195122 | 7800.4684 | 7400 400.4684 | -5.133902
830.23831 15884934 | 0.6195122 | 7800.4684 | 7300 =5001.4684 -5.415876
30.24348 15.678704 | 0.6203703% | 7803.2771 | 6800 | -1003.277 | -12.85713
7993161 -15.1359?9 0442176088 | 71162441 | 6900 -216.244] -3.03E730
287567 16.089218 | 044262296 | 7118.29 G600 -51B.29 T ZELLOZ
79.83335 16,2216 | 044350903 | 7122.8051 | 6700 4228051 | -5.935536
70.97602 16062222 | 04437086 | 7123.2605 | 6800 -3232605 | -4.5380097
80.06126 15945155 | 0.4499999% | 7151.8278 | 6900 -251.E178 | -3.521167
79.92031 16137758 | 0,45323741 | 7166.3728 | 7000 -166.3728 | -2.321576
79.03485 16.061443 | 0.45323741 | 7166.3728 | 7200 33.627231 0.469236
79.86709 16096562 | 0.45833334 | 7169.0583 | 7300 110.94167 | 1.543202
79,9878 15986763 | 0.45833334 | 71800563 | 7400 210.94167 | 2.934209
60,1566 15701675 | 0.592233 | 7709.0979 | 7500 205.0879 | -2.712353
B0.2568 15590839 | 055770113 | 7727.7450 | 7000 7277459 | -9.417311
BD.2466 15870657 | 059798956 | 7728.7262 | 7100 6287262 | -8.134975
B0.16172 15706866 | 0.GOLES18E | 77417876 | 7200 -541.7676 | -6.998224
B0.24780 15881819 | 0.60194176 | 77420906 | 7400 -342.0906 | -4.418582
BO. 16301 15760708 | 0.60094176 | 7742 0906 ‘EE'M -12342.051 -16.04335
B0.24815 15.885972 | 0.60396039 | 77489835 | 6600 1148684 | -14.82694
80,2729 15.991350 | 0.60576522 | 7754.9512 | 6700 -1054.951 | -13.60358
79.93550 16.060665 | 0.46206897 | 7205.5286 | 6900 305.5286 | -4.290197
79.83491 16089477 | 0.46478873 | 7217.4364 | 660D -417.4364 | +5.7837121

el




J0.91B49 16.146584 | 0.96666667 | 7225.6178 | 6600 ~625.6178 -B.55833
50.05944 15948789 | 0.46753246 | 7229.3787 | 6500 7203787  |-10.08909
7987592 16095967 | 0.46875 | 7234.6557 | 7000 -234.6557 | -3.243495
79.92265 16.065337 | 0.46969697 | 7238.7506 | 7200 -38.75056 | -0.535321
8000441 15.992916 | 0.47222221 | 7249.6299 | 7300 S0.370108 | 0.694796
79.916432 16.050801 | 047619048 | 7266,6091 | 7400 133.39087 | 1535669
79.91019 16.134124 | 047887325 | 7278.0081 | 7500 221.99181 | 3.050174
79.87748 16,095707 | 0.47928995 | 7279.7729 | 6500 -779.7723 | -10.7115
7H.83076 16086622 | 0.48259319 | 7295.3897 | 6600 -hY5.3897 <8 53100
7H.92706 160576809 | 0.48344371 | 7297.2814 | G500 -797.2814 <10,92573
B0.28475 16.036524 | 057541901 | 7650.6594 | 6600 -1050.655 | -13.73293
80,24919 15.873253 | 0.58163267 | 7672.4521 | 6700 9724521 | -12,67459
'B0.366 16016797 | 0.58282208 | 7676.597L | 680D -876.5971 | -11.41908 |
80.24452 15.880251 | 0.5B585856 | 7667,1407 | 6900 -787.1407 | -10.23971
80.27125 16016757 | 0.58762884 | 7693.2624 | 7000 -693.2624 | -9.011292
80.25231 15875329 | 0.58000997 | 77014331 | 7200 -501.4331 | -6.510906
80.38183 16.014461 | 0.56599997 | 77014331 | 7300 4014331 | -5.212446
BO.07008 | 15.955538 | 0.59210527 | 7708.6603 | 7500 -208.6603 | -2,706825
B0.06593 15561248 | 0.98427674 | 7300.7746 | 7400 90225374 | 1359107
79.99715 15993605 | 0.4852541 | 7305.0326 | 6700 -605.0326 | -5.28240%
79.92317 16.145545 | 0.4B993280 | 7324.3352 | 6800 -524,3352 | -7.158809
79.54800 16.067414 | 049275362 | 73355634 | 6600 7355834 | -10.03251
80.00078 15001095 | 0.49668875 | 7352.1226 | 6200 -452.1276 | -B.140552
79.83465 16085324 | 0.5 7656049 | 6600 -765.6044 | -10,30432
80.06178 15946193 | 0.5029586 | 7377575 | 6800 -577.575 | -7.B2B792
79.90707 16135162 | 050318474 | 7378.4987 | 7200 -178.487  |-241202 |
[ 79.94254 16.059886. | 0.50354612 | 7379.9437 | 7100 -279.9437 | -3.793304
7987541 16.089477 | 0.50413221 | 7382.30¢ | 7300 -62.30397 | -1.114882
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80.23401 15871695 | 0.56122446 | 7599.9799 | 7500 -95.57991 | -1.315529
80.0706 15852942 | 0.56129032 T 7600.218 | 7400 -200.218 -2.634372
a0.1v132 15.703751 | D.56345177 | 7606.0064 | 7300 -308&. 0164 -4 048577
B0.37534 16018614 | 056382978 | 76053772 | 7200 4093772 | -5.379004
BO.29176 | 16010048 | 0.56424562 | 76108738 | 7100 5108738 | 6.712418
BO.14303 15.788632 | 0.56701028 | 7620.7904 | 6900 -720.7904 | -9.45821

B037119 | 16.011865 | 0.5714286 | 7636.5397 | 6600 103654 | -13.5742
80,2456 15584934 | 0.57291660 | 7641,8166 | 6500 1141817 | -14.94168
80.37093 16.017056 | 0.57317072 | 7642.7161 | 660D -LM2.716 | 1364327
B0.0&775 15.954499 | 057419354 | 7646.3336 | 6700 -946.3336 | -12.37631
79.87541 16.10219 | 050335568 | 7379.1762 | 6800 5791762 | -7.846793
| 79.94783 16070269 | 0.50993377 | 7405.5204 | 6600 -B05.5204 | -1D.8773

79,9150 16058329 | 0.5138889 | 7421.1969 | 7200 -221.1969 | -2.98061

I?'EI.WE-BI 1613023 0.516776853 | 7432.5742 | 7100 3325742 -4,474549
80.06152 15.957355 | 0.51807231 | 7437.6475 | 7400 -37.64751 | -0.506175
79.92524 16.056252 | 0.51B2482 | 74383363 | 7500 6LB63729 | 0.828999

79.83673 16092333 | 0.52054703 | 7447.32 | 7400 47.32004 | 0635397
B0.00675 15.988503 | 0.52201250 | 7453.021 | 7300 -153.021 | -2.053141
7993433 16069231 | 0.52447551 | 7462.5716 | 7200 «262.5716 -3.518514
| 7993978 16.056252 | 0.52941179 | 7481.5789 | 7100 3815769 | -5.100246
| 80,0623 15.348789 | 0.5316456 | 7490,1221 | 6500 990.1221 | -13.21904
80.38075 | 16.016016 | 0.53646157 | 7515.9695 | 6600 015.0695 | -12.18608
B0.15626 15.787074 | 0.54000002 | 7521.7584 | 6700 -$21.7584 | -10,92508
80.38131 16.015459 | 0.54140127 | 7527.0166 | 6BOO 7270166 | -9.656762
B0.24218 15.870657 | 0.54444444 | 7538.36806 | 6900 -63B,3696 | -B.468514
B0.25828 16.035227 054871738 | 75542537 | 7000 -554,2537 | -7.336475
80.37171 16.018673 | 0.55029583 | 7560.0798 7100 460.0796 | -6.083647
| 80.25049 15875742 | 0.55910148 | 75707284 | 7400 -170.7284 | -2.255112
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BO.25386 16017576 | 0.55555558 | 7579.301 7500 =79, 38005 -1.047328
B0.38261 16.007971 | 0.50602412 | 7389.9042 | 6900 -489.9042 | -6.629371
E0.07300 15945155 | 0.51315379 | T418.3087 | 6800 =B18.3087 -B.3340801
2).1593 15.782921 | 0.51351351 | 7419.7142 | 6800 619.7142 | -B.352265
80.25646 15881819 | 051412427 | 74221261 | 7200 2221261 | -2.992755
80.17833 15706607 | 0.51677053 | 7432.5742 | 7400 3157417 | 0.438262
B0.26503 16.010048 | 0.51724136 | 7434.3905 | 7500 65.60%462 | 0.882513
8036313 16.006673 | 0.52663734 | 7706788 7400 -70.67879 | -0.946734
8025724 16.012384 | 0.52873564 | 7478.9858 | 7300 -178.9858 | -2.393183
| 80.24789 15.884934 | 053433152 | 75005748 | 7500 057479 | -0.007663
79.87411 16,0955967 | 0.53600001 | 7506.6728 | 7400 1066726 | -1.42104
70.02957 16054175 | 0.53623188 | 7507.5507 | 7400 -107.5503 | -1.432562
7981155 | 16.214651 | 0.53658539 | 7508.8875 | 7100 08.8875 | 5445381
T7OEIES | 16.093631 | 0.53741487 | 7512022 | 7300 | 212022 |-282343
79.92005 16.066375 | 054362416 | 7535.3303 | 6500 -1035.33 | -13.73%8
80.00156 15984869 | 0.54430377 | 75378653 | 6500 -1037.865 | -13.76859
79.88267 16.102975 | 0.54666668 | 7596.6544 | 6900 | 6966544 | -8.568756
79.8427 16217707 | 0.5471698 | 754B.5200 | 680D -748.5209 | -9.016127
BO.0E126 15.956576 | 0.54838711 | 7553.0255 | 6500 | -053.0299 |-12.61785
79.83258 1623977 | 055000001 | 7558.0888 | 7200 -358.9888 | 4.745164
| 79.99689 15995252 | 055555558 | 7579.381 | 7500 -79.38005 | -1.047328
79.83881 16,089997 | 0.55704701 | 7584.8206 | 7300 2B48206 | -3.75514
8015782 15785517 | 0.47058624 | 7242.597 | 7200 4253702 | -D.588146
B0.23569 15.884674 | 0.47428572 | 72584760 | 6900 -358.47a59 -4.938734
BD.25023 15886231 |0.49112427 | 7329.2632 | 6800 5293632 |-7.221233
B0.2H 15.865359 | 0.40411765 | 7341.5923 | 6600 -741,5923 | -10.10125
BO.OB02I | 1595372 | 050318474 | 7378.487 | 6500 -B78.487 | -11.90606
79.88267 16.10012 | 0,56284153 | 7605.8177 | 7300 3058177 | -4.02084
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BOAOF216 15550346 | 0.56291389 | Pe06.0786 | 7100 -506.0786 =6, 653607
B0.00234 15986427 | 0.56578946 | 7616.417 | 7400 216417 | -2.841455
79.84296 16.080652 | 0.57446B08 | 7647.3035 | 7500 -147.3035 | -1.926215
B007398 | 15.544376 | 0.57439939 | 7649.1813 | 6500 | i145.081 | -15.0235%
7087349 | 16,217167 | 0.57664233 | 7654.9684 | 6700 9549684 | -12.47514
'B0.00649 15.992397 | 0.57763976 | 7656.4749 | 6800 -B5B.4749 | -11.20948
79.5004 15994474 | [.58940399 | 7699.3625 | 6600 -1099.382 | -14.27884
B0.25454 15.895453 | 0.44134077 | 71124039 | 6000 2124039 | -2.986386
| B0.23401 15.887529 | 0.45251396 | 7163.1315 | 6600 -563.1315 | -7.861527
8024452 15.8813 | 0,45882353 | 7191.2272 | 7500 308.77281 | 4.29%743
80.36366 15.999925 | 046052632 | 7196.7433 | 7300 10125672 | 1.406569
80.08255 15.943597 | 046206897 | 7205.586 | 7200 | -5.528603 | -0.076727
80.06723 15.957355 | 0.59006214 | 7701.6469 | 6900 -A01.6469 | -10.40877
79.82583 16.0B5065 | 0.50154928 | 7706.7541 | 6800 -906.7541 | -11.76571
7994341 16065949 0,59210527 | 7708.6603 | 6600 =L104.66 -14.38H01
79.88241 | 16.102456 | 059440559 | 7716.5276 | 7200 -516.5276 | -6.693763
79.77807 16095707 | 0.59722221 | 7726.1194 | 6900 -§26.1194 | -10,69255
79.78014 16.109465 | 060000002 | 7735.5349 | 6800 9355349 | -12.09399
[ 79.99856 15967465 | 0.6025641 | 7744.1873 | 6700 -1044.187 | -13.4835
79.91849 16.06975 | 0.60254003 | 7744.4732 | 6600 1144473 | 1477794
79.82141 1622757 | 0.60273975 | 7744.7786 | 6500 -1244.779 | -16.07245
79.62323 16,067401 | 0.60B39158 | 7763.715/ | 7500 -263.7157 | -3.19%772
79.77509 16.124001 | 0.62162161 | 7B07.3653 | 7400 -407.3653 | -5.217705
7993718 16.070000 | 0.625 7B16.3626 | 7300 5183626 | -6.630065
79.67852 16.05389 | 0.62962951 | 7833.3368 | 7200 -633.3366 | -B,0685147
70.81025 16.216668 | 0.63636363 | 7854.9221 | 6500 1354522 | -17.24934
7993874 16.065337 | D.63870966 | 7862.3666 | 6600 -1262.389 | -16.05604
B0.24088 15871176 | 0.40243903 | 6925.1805 | 6700 2251805 | -3.251619
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£0,36054 16.00252 | 0.40277779 | 6926.8878 [ 6500 -26.885775 [ -0.388165
(7981233 | 16215111 | 0.65306121 | 7907.4747 | 6500 -1407.475 | -17.79929
BO.06178 15.959431 | 0,65445024 | 7911.7857 | 7200 7117857 | -8.996524
7978248 16.11232 | 0.65562316 | 7915.4374 | 7400 5154374 | -6.5118

79.81025 16.21537 | 0.6630435 | 7938.2541 | 7100 -B36.2541 | -10,5596E
B0,00961 15.389542 | 0.66451615 | 7942.7556 | 7200 7427556 | -9.351359
79.81155 16.217187 | 0.67195767 | 79653509 | 6500 -1465.351 | -18.30656
M9.78274 16.113099 | 0.67532468 79754923 | 5600 -1375.44932 =17, 24640
6013939 15792006 | 0.40106952 | 6918.264 | A700 218264 | -3.15489%
B0.16457 15.705828 | (.40112993 | 6918.56% | 6800 -118.5696 | -1,713788.
79.90837 16.132047 | 058527919 | B00S.1622 | 6500 -1105.182 | -13.80583
7987852 16.09%601 | 0.65633508 | BOI7.6556 | 7400 637.6556 | -7.933353
79.81285 16.21563 | 070297033 | 8056.896 | 7500 -556.698 | -6,912065

6.23 YIELD PREDICTION WITH OTHER VEGETATION INDICES

Other vegatation Indices were calodated to test iF they @an have better prediction ability than

NDVIL. This Vegetation Indices incudes Soll Adjusted Vegetation Index (SAVI), Modified Soil

Adjusted Vegetation Index {MSAVIZ), Infra-red Percentage Vegetation Index (EPVI),
Difference Vegatation Index (DVI) and the Ratio Vegetation Index (RVI) (see appendix 4 for
' detalls). Test for comalstion between the Vegetation Indices was significant (p = 0,00), Table
5.3 shows the R2 adj for the fitted logarithmic regression line for the different Vis versus

yield. It shows that RVI explains slightly maore of the yield variability than any of the
Vegetation Indices and DVI explains the least,
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Tahle 5.5 shows prediction ability of different Vs

NDVI SAVI MSAV] IPVI oVl | RVI _|
[R2ad] | 250 26.2 5.9 26.8 237 269 [

Testing yield predicted using these V1 based models resulted in wary litthe improvermant in the
yield prediction ability at fisld lavel, Table 5.6 shows the R2adj for different VI based medsls,
ItzhmusmtIWIhamrnudﬂlﬂqﬂafrﬁsllﬂtlymﬂﬂnﬂ‘e&ﬂhﬂfﬂhﬂﬁdnﬂﬁ&ﬂim
the exceptional of DVI based model, the difference is fess than 1% In all cases).

Table 5.6 shows R2 adj for different VT based modeis.

NDVI SAVT MSAV] 1PV oI RVI |
F2 ad) % | 45.7 46,0 | 53 46.4 43,7 463
L

From these results, the use of NDVI, which s the most commaonly, used VI, remains valid,

6.24 NORMALISED DIFFERENCE VEGETATION INDEX {(NDVT)
Recently, there has been mounting evidence that remotely sensed data may become as
successiul, I not more successful, at estimating forest functioning (such as phatosynthesis or

evapotranspiration} than forest structure, especially in a regional context (Tucker and Sellers
19B6).

Remotely sensing of the Mear Infra-Red (NIR) and Red (R} wawvelengths of the
electromagnetic spectrum hafsbamsrwnntnlmepntaﬁaﬂurﬂlrmﬂng forest functioning
and LAL (Peterson and Running 1989, Price and Bausch 1995). In the NIR region of the
spectrum, within-leaf' scattering is high and the radiation from the cancpy s thersfore
generally high, However, in the R companent of the spectrum pigment absorption is high
resulting in a low radiation reflection. Consequently, LAT is usually positively related to an
increase in the difference between NIR and R radiation, This relationship has been shown to
hold gererally over a number of different biomes,



The NDVI Is one of the mest common vegetation indices derlved from remately sensed data

a‘ﬂlsmnnlzdb?menmdudufmmﬁnnfmelemmneﬁcwamm;m{mr

infrared - red)f(near infrared + red), Maps showing the vegetation of Africa (Tucker ef af

L985), North America (Goward ef af 1385) and the entire world {Justice & af 1985) have
~ been produced,

Sellers (1985, 1987) derbved an important  relationship  between LAl, Absorbed Phato-
synthetically Active Radiathon (APAR) to NDVI, Research found that under specified canopy
properties APAR was linearly related to NOVI a2nd curvilinear redated to LAL Sellers therefore
showed that:

NDVI = £ (APAR) = f (LAL)

As @ result, if 3 canopy bas a known structure, light scattering or absorbing properties, any
Oone particular measure of the canopy can be used Interchangeabdy with the other with only

- S0me minor algebralc manipulation of formudas. The major problem with these types of
refationships is the underlying assumpiion that the vegetation is not water, [emperaturg ar
nutrient fimited. In the case of annual Crop cyoes, where the crops are wll fertdised,
Irrigated and produced In the ideal growing seasens, this assumption is valld. However in
regions of natural, mixed age fﬂd‘El‘E,._ the perennial vegetation can be routinely waker
srested and i usually temperature fimited at some time throughout the vear, There is,
however, uncertainty in the effect on the NDVI of temporal changes of different venetation
species, especally natural vegetation which is routinely water and nutrient stressed, This is
particularty the case over Austrafian mmmmmm which is common in
most irmages is caused by complex topagraphy superimposed with a varety of natural and

human disturbance regimes leading to an array of structural and flastic pattem, The high
degree of speciation and Intraspecific variation in the genus Eucalyptus complicates the
Situation as does the canopy gecmelry of the genus with generally vertical leaves and 8 wide
range in leaf form with 3 range from juvenile leaves o old, 1nseadamagadlaammmmm5r
present on a single tree (Leas and Ritman 1591},

L



Many of the varations caused by differences in canopy closure, under storey location and
background reflectance at focal scales may be minimized In favor of large scals variations
such as regional tﬂmateanﬂaltlmd'ra!pamnudmmﬁ.wmmta integrating over a
significanitly larger field of view than other remote sensing satellites (Peterson and Running
1985). Over natural vegetation, an AVHRR plxel will typically cover & land facet, or n
dissected opography, 8 cantena of edaphic/physicgraphic conditions (Matingreau 1966).

6.25 NDVI AS YIELD PREDICTION PARAMETER
Through integration of remately sensed data, land factors and management aspects, an
assessment of field level yield prediction has been executed, It & shawn that a combinasion
of NDVI, land and management parameters can Improve figld level yield prediction zbove Lse
OF KDVI alone, It is found that the avallability of water, the weeding method, the number of
fertiliser applications, sof type and the date of transplariting explain yield variability. The date
of transplanting and the soil type are found to redate to the NOVI variability at field level,
This study established that there is 3 sigrificant positive relationship between remately
sensed Normalised Difference Vegetation Index and field jevel yield, where production |5 at
the mercy of many factors acting on the crop. This diearly shows the potentizl of using NDVT
for yvield prediction at field jew, Among all the NDVT parameters, only maximum NOVI was
retained as significant varable for Feld level yleld prediction In the stepwise multiple
regression, em-mnlng the yield variabiliny suggesting that maximum NDVI is the best
parameter for yield prediction. Groten and lboudo {1996) also found similsr resuits where
onfy the maximum NDVI was retsined after running multiple regressions with many NDVI
Farameters in millet yield estimation. However, the prediction ability is low, suggesting that iF
only NDVIs are used for field leval yield prediction, a lot of additional factors explaining yicid
variability are not covered, NDVI explains the yield variability caused by date of transplanting
 Bnd soll. Tt does not refiect ather production factors ke avaitabilty of wiater and other
management factars, Water shartage had a significant Impact on yield but not on NDVL
These suggest that the problemn was mot severs enough to be registered by NDVL This glves
the impression that temporal water shortage s, in the first instance, not reflacted by lower
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vegetation cover, The use of land and management parameters alone has shown that 38.1%
of the yield varability can be explained, The combination of NDWI, land and management
rmwmm the model to an explanatory pawer of 45,8%, This shows that use
of NOVI alone, as done in many studies, can be improved if land and management factors
& also considered, especially at fisld leved where parameters vary from fleld to field, as
opposad to regional or national level, where these factors are generdlised, Despite the fact
that this study used interview dsta of the previous s=asom, relying on farmers abllity to
. remember exactly when an operation was done and how or how much fertilisers and other
Management practices were done, the resuits agred with studies done before. Muthy &t o/
(1934) reported comelations (r = 0.44 - 0.85) between NDVTs and yigld in irrigated ree in
comimand areas under Bhadea project and reported a yield prediction modes that explained
75% of the yield variabity, Mohd ef af (1994) found correlabion of 0.85 batween NDVT and
yleld whmhamnm:tedash.mmsajmzh}m area and collected spectral data with a
hand held radiometer. A8 these findings indicate that therg is corralation between remately
sensid spectral data and vield, The differences in the comelations and explaining abllity of
yiedd variability is due to the |evel of appiication and the quality of data being used to
investigate the relationships and to derive models, Muthy of af (1994) used yield astirmates
- from CCE, which are fairty accurate and wsed time compasiied NOVI, Mohd ef af (1994) wsed
Vield from highly controlled ressarch plots. This shudy wsed data coflectad through interviews.
From the results of this study, it is evident that the quality of data may have a significant
effect on the degree of the relationships between remotely sensed KDVI and yigld, The
resufts of this study also agree with studies done with other crops. Rajak et af, (2002) found
that maximum MNOVI was finearty related to yield for various €rops in Punjab and Haryana
states and grown during Rabl 2000 — 2001, They reported that the yield was poorly
cormelated to NDVL Ray of 2/ (2002) reparted correlations of 0.60 between NOV] and wheat
yield In Jajandher - Punjab.
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6.26 USING SINGLE DATE IMAGE FOR YIELD PREDICTIONM

This study has demonstrated that, with a single date Image, field level yvield can be predicted
up to 45.8%. This agrees with the range of 6% - 83% as reportad by Parihar and Dadhwai
(2002) and Dadhwall and Ray (2000) of explained vield variability when single date imago
based models for various crops induding rice are ysed In some states of India, However, the
reported varlabifity by the two authoes was at state level with 3 lot of generalisations and
using district level yield estimates, The results of this Study shows that, even at field lBved,
despite the great variability Inpl.rrtlnqdate,an:luma-facmrs, single date images can
provide useful information oF the crops and yield status. The timing of the Image to be wsed
for yield estimation s impartant. Though Gielen ef a1 (2001} ewplained that there is good
correlation between NDVI and ¥t but using NDVI as an end-of seasan yiekd estimator ghves
unsatisfactory results because of the problems of choosing the best time of the image to use,
Muthy ef 2. (1994} found that vegetation indices caloulated from Images taken at panide
initiation and heading stages have high comelation with yield, therefore, they can best be
used for yield prediction, The findings of Muthy ef 3t {1994) agres with the findings of thes
study. However, it is difficult to have a single date image representing one phenolegical stage
at field level because of the differences in planting dates and the varieties used, resulting in
wide differances In crap phenclogical stages. To improve the predictability of yisid, Muthy &
al (1994) and Gat ot ot (200{) proposed the usa of time compaosited multi-date Images for
yield pradiction coverng panicle indation and heading stages and considening maximum
NDVIE which normally occurs at heading stage in rice. It is difficult, especialiy in mast tropical
environments, to get a series of images due to cowuds or gther logistical problems. In this
Case 3 gingle date image, as demonstrated I this shudy, still provides good information to
Predict end-of-season vield as leng a5 it is within the time whan there 5 maximum vegetation
(between panicle initiation and heading stage) and other producticn factars are taken into
agcount, It should be noted that plant ultimate growth is affected by itg growth history and all
the environmental parameters, therefore, remote sensed data and other dafa are required to
develop a functional relationship between plant condition and yield at field bevel. The u=e of
- data amuired from space-bome sensars wil help to reduce the need for the labarigus growund
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based messurements and enharice the timetiness of information an crap condition and food
Situation. However, it should be realised that the predicted yigld at any stage of plant growth
aocount for all EIETa:tursthataﬁﬂ:tﬁtn-upﬁ'm planig date to the time of prediction,
This is then projected to the final yield, As such predicted yield reflects potential yield of the
crop with the prevalling conditions, Factors such as drought, fioods, pests and disagsec
happening after the prediction may significantly reduce the yields,

6.27 MODEL PERFORMAMNCE

This study has also shown that the use of other vegetation indices to predict yield or using
models based on other Vs, did ngt offer any significant improvement in explaining the yield
variabllity. Even linear transformations and combinations of NDVIs and other vegetation
Indices in different forms did net improve the model's prediction abillty. This suggests that
use of NDVI for crop development and growth monitaring and for yield estimation iz valld as
reported by many authors. Gat et a, (2000) aiso noted the comelations batween Vs and
finear transformed Vs could not perform any better than the original Vis and he proposed to
tse the eriginal Vis without any transformation. Testing the model with independent sarmgles
dravimn randamly from the data has shown that the predicted yield fall within the other yiekds
when all the samples are used, With a regrassion line explaining 12,49% of the varizbility,

6.28 SUMMARY AND CONCLUSIONS

Increasing the crop production, Satedite remicte sansing, GIS and GPS has emerged a5 a
potential kool and efficient technology for inventorying and manitaring of natural resources
espedally the crops, sails, Imigation management and drought monitorng. The remote
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sensing techniques are very effective in ectimation of expansan and prediction of potential
mp?hﬁhm&d&mmmhguﬁﬁabnﬂuht&msﬁmtﬂﬁ:ﬁm and
+ limeliness over traditional method of area and production estimation.,

The spectral response of the paddy crop Is influenced by leaf ares, Percent canopy cover,
growth stage, chloraphyll content and soiljmoisture background etr., The Remote Sensing
Muﬁammt{edmmmtumpraddympareﬂmﬁﬂmummdamaga
estimation of the crop, condition dsmessment and yield forecasting. Hence, the present
Investigation on *Develapment of Crop yield prediction model {CYPM) for a part of Nagarjuna
sagar command area” was carried out in the folowing,

Te develop Crop yield prediction Modal {CYPM) with the Integration of spatial datatass and
attribute database with thair topelogical refationships.

The 5|:rem_-al Indices, such as Fatio Vegetation Index (RVI), Normalized Difference Vegetstion
Index (NDVI), Vegetation Index Mumber (VIN), Transformed Vegetation Index (TVI) and Soll
Adjusted Vegetation Incesx (SAVI} are computed and applied for paddy crop in this study
ared. The analysis of satellite data involves registration of raw satellite data with the 501 map
base, generation of training areas, spedral indices and signatures, spectral ssparability
analysis, dassification and estimation of erop acreage., The condition of orop is 2ssessed
using temporal V1S and relationships between spectral indices and crop growth varlaties ke
plant population, paddy girth and plant height is developed.

The salient conclusions drawn on the present investigation titled are summarized belaw:
“Development of Crop yield prediction model (EYPM) for @ part of Nagarjuna sagar command

ares
% Salelite remate sersing is found to be usefyl for pre-harvest paddy CTOp Acreage
estimation and condition monitoring necessary for taking corrective measures if any

furing rest of the crop growth period.
% The spacral reflectance curves abtained for paddy crap from sateliite data ane ussfid
for Identification and delineation of the orop, when the paddy crop is at 100, 120 and

[RE



130 DAP. The paddy crop Is not ssparable at 50 and 75 DAP in the study area as the
=oil background is dominating In the pivel Information.

The paddy crop identification, acreage estimation and condition manitoring can be
attempted using satellite data obtainable fram May to September months. The
afreage estimation could be camed out using satellite data sets from May to
September and where as during initial stages of cop growth up to April, the soll
background ks dominating and during Octobar-November pericd, the orop is reaching
pre-ripening stage. The mtlrn.ahad acreages of paddy crop in Addanki branch canal
command area using satellite data during paddy growing seasons of 1995 to 2006
were found to be 932213.7, 954324.1, B504598, 3142928, 691 4326, 5763442,
265155.4, 225091.9, 74387.05, 3873035, 4968018 BTES,

Acres, respectively with a refative devistions of —L68, 3.20, -0.62 for these years In
Campansan with Beauro of Economic and Statistics estimations,

The genaration of fused product by integrating the spatial resolution of LISS-I11
sensor data of Indian remote sensing Sateltes (1C/1D) for Addankl Branch canal
ommand area, heve increased the capabilities for identification of individaal paddy
fields. The area estimation was carried out for the all villages during the paddy crop
Haaﬁ::un.uf 1996 to 2006,

Vegetation indices are quantitative measurement of the vigour of cop, which shon
better sensitivity to crop growth parameters, The indices such 3 Ratlo Vegetation
Index (RVT), Vegatation Index Mumber (VIN), Mormaiized Difference Vegetation
Index (NDVI), Transformed Vegetation Index (TVI), and Soil Adjusted Vegetation
Index. (SAVI) were studied to evaluate their suitabillty towards paddy production
estimation using the satellite data sats obtained at different crop growth stages along
with ground Information for trop seasons of 1995 to 2006. The results revealad that
NDVI  is most suitable for prediction of paddy yields during grand growth period for
the years of 1996 to 2006, regpactively, |
NDVI Is a quantitative measurement of vigowr of crop, which denotes the hiomass

and crop health status, which are related 1o yields of paddy crop. The movI profile
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of paddy crop is plotted against time far the paddy seasons of 1996 to 2006, The
results showed a sbrong relationship between NOVI and yields of individual paddy
fields. The yeld prediction s carfied out using yield data from the years of 1996
through 2006 using the methodology envisaged In trend analysis and the predicted
yields are having refative deviation of 5.10 and B.25 percent with welds reported
from Addanki branch canal command area of 1996 tn 2006, The reparted regression
coafficient |s 0.84 and SEE is 2.70 tornes per acre indicating that the yield
prediction/forecast of the pacddy crop s passibie using satellite data in conjunction
with the data on historical crop vields.

The production forecast was made using the acreage estimates obtained from
satelite remcte sensing data and yield predictions from trend analysis. The
production estimate Is reported with a relative deviation of -7,24 and 6,08 percent
respectively for the paddy seasons of 1996 and 2006,

It was found that there Is a poor corrslation between MDVI and number of
internodes, paddy girth and plant height. However, the relation betwaen indiidual
paddy weight and plant population and NDVI i positively correlated with "r* values of
0.764 and 0.683 respectively. The study suogested that orily paddy weight and plant
Population is significantly influencing the spectral informatian.

The acturacy assessment had shown that the crop dassification accuracy for the arsa
estimation was 93.74%, 92.01% and 91.61% respectively for the paddy growing
seasons of 1996 to 2006 in the study ares, The estimated kappa coefficient was
0.911, 0.516 ard 0,894 respectively for the seasons of 1996 1o 2006 respectivaly,
The remote sensing data is not only advantageous but also econamically cost
effective In paddy area estimation and condition asssssment and not infiuencad by
human bias.

Mare wark needs to be dane for deriving Agro-Spectral-Yield relations of padkdy crop
by creation of large data bases over years and validating these relationships using
meteoroiogical, crop, soll and water management practices in different agro-climatic
2anes.
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% Multi-date sateliite data sets with higher spatial resolutions (2.5 to 1.0 meter PAN and

5.0 meter LISS} are needad to study paddy crop growth dynamics vis-3-vis crop
siresses,
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7. NET PRIMARY PRODUCTIVITY

Mek primary productivity [NPP) is defined 25 the net flux of carbon from the atmosphers into
grean plants per unit time. NPP refars to a rate process, i.e., the amount of vegetable matter
produced {net primary production] per day, week, or year,

Howeewver, the berms net primary produckivity and net primary production are sometimes used
rather liberally and interchangeably, and some scientisks still tend to onfuse productivity with
standing biomass or standing crop, MPP is a fundamental ecological variable, not onby
because it maasures the energy input to the biosphere and terrestrial carbon dicoide
assimilation, but also because of ks significance in indicating the condition of the land surfacs
area and status of a wide range of ecological processes

T.1 ESTIMATING NPP

There are many ways to estimate terrestrial NPP from field measurements that depend on
the type of plants and available measurements. Methods are discussed In connection with the
biores Included in the NPP Database, Some of the methodolagy mviews were carried out as
part of the NCEAS (National Center for Ecological Analysis and Synthesis) Working Groups on
"Development of & Consistent Worldwide Net Primary Production (MPP) Database” between
Decamber 1997 and October 1998,

7.2 OVERVIEW OF THE NPP PROJECT

The ORNL DAAC Net Primary Production (NPP) Database cortains field measurements of
bromass and estimated NPP for terrestrial sites worldwide, compiled from pubilshed |terature
and other extant data sources. It includes intensively studied and well-documented fisld
study sites, together with more extensive coflections of worldwide data. Compilation of thess
data was sponsored by the Terestrial Ecology Program of MASA's Office of Earth Sdence.

' 1.3 IN-DEPTH

The: NPP Database contains data for 65 intensive study sites. The majority of these sites are
grassiands, the remainder belng located in tropical forest, boreal forest, and tundra. Some

combination of above-ground annuzl peak lve biomass data andfor seasonad biomass



dynamics data s available for all sites. Many sites also have data on befow-ground blomass
andfor tumover, A number of previously compiled mulb-site, muft-biome dats sets of
georeferenced NPP estimates are also provided
7.4 SCOPE
The Cak Ridge DAAC NPP Database contains documented field measuremarts of NPR for
global terrestrial sites compiled from published Berature and other extant data sources, The
NPP Database contains blomass dynamics, dimate, and ste-characteristice daka
gecreferenced to each intensive site. A major goal of the dara compilation is to Use eonsistent
and standard weli-documented methods to estimate 8PP from the field data. Other important
componants of the database Include investigator contact infeemation and a list of key
references (some with summaries) for each site, As far as possible; the oniginal princpal
Investigator or hisfher successor has been contacted to review the date and dosumentation,
7.5 STATUS
The NPP Database contains detailed data for numerous intensive study sites, The majority of
these sites are grasslands, the remalnder being focated in tropical forest, boreal forest, and
tundra. Some combination of above-ground annual peak live biomass data andfor seasonal
biomass dynamics data are avallable for all sites, Many sites also have data on below-ground
blomess and/or turnover, Climate and othar data (sails, etc.} are awvsilzble for all sites in
varying degrees of detail. Estimates of net primary productiity are induded,
There are over 450 site-year-treatment combinations of biomass/NPF measurements and an
average of 30 years of monthly dimate data for each site. The sites have been grouped in
veqetation land-cover classes based upon Bailey ecoregions, and have alsa been mapped
with respect to Holdridge Life-Zones, Matthews vegetation classes, Olson World Ecosystem
Complexes, and the University of Mandand Glaba! Land Cover map.
A number of previously cornpiled multi-site, mult-biome data seke of georeferenced NPP
estimates are also provided: these indude lisks of onginal references, to allow users to
-consuft iterature providing more detalled site information. We ENCaurage your LUsar

Comments conceming gquestionable data vakues, Incomplete metadata, the general format
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and organization, or suggestions for additional sources of NPP data that could be added for
grassands, forests or other bomes

7.6 ESTIMATION OF NPP FOR GRASSLANDS

The Ozk Ridge DAAC Net Primary Prodlction (NPP) Database includes fisld measurements
from grassiand study sites worddwide, The following brief review and discussion & intended to
explain the complexdty of NPP estimates derived from grasstand measuremerts. There i no
single arswer to the question, "What is the producthity of the ecosystem at shudy site &7
rather there may be range of estimates of NPP, depending upon what data were Actually
collected and how these data are processed. Although some of these methods for
detesrrining NPP for grasslands may be applicable to other vegetstion types (e.g., semi-
deserts, tundra, or some eraps), methods for forests, in particular, are significantly different,
since the field measurements were olfected by resasrch workers using a variety of methaeds,
secondary users of these data such as the modelling community are encouraged to consult
the general scentific fiterature a5 well 2s the published study site descriptions in arder to
mare fully understand the data from each site.

7.6.1 BRIEF LITERATURE REVIEW

Net primary production, sensu stricte, is the total photosynthetic gain {less respiratony losses)
of vegetation per unit ground area, For 2 given period, this is equal to the change in plant
mass plus any fosses due to death and decomposition, measured for bath above ground and
below ground plant parts. Earlier estimates of grassiand NPP were based on peak standing
dry matter only, and the studies of the International Biological Programme (IBF) in the late
1960s and early 19705 were based mainly on above-ground biomass changes, with few
estimates of below-ground production. Peak sbove-ground live biomass {or In some cases;
the difference between maximum and minimum biomass) has been used as an estimate of
net primary production - usually where andy one or two measurements per year are available,
sometimes a conversion factor has been applied to take Into account the estimated turnover
and the estimated ratio of above-ground to below-ground dry matter,
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The "IBP Standard Method™ of Milner and Hughes (1968) assumes that where live biomass
Increases bebween successive samples, production equals this inorease; where biomass
decreases of remains the same, producton (s assumed o be zero, Anrual production s then
obizined by summing the estimates for each sample interval, Essentially, this method was
used for the TBP synthesis by Singh and Joshi (1979}, in particular for their estimates of
below-ground  production. A modified method was used for above-ground  production,
determined by & decislon matrix (Singh et al., 1975), In cases where increments in live

biomass colncided with increases in standing dead matter, the latter were added to the

monthly peoduction.

The limitations of the above methods are discussed In detail by Long et al. (1989) and Long
et al. (1992). In particular, the peak biomass method and varaticrs on the IBP mathod
uncderestimate production by not accounting for simudtanecus growth and death. This may be
significant in temperate grasstands with a long growing season, and s particularly a problem
In tropical grasstands where the growing season may extend over much of the year. Some
limited overestimation may ocos by not accounting for periods of negative NPP (dus to
Slress, of ranstocation bebween above and below ground plant parts) but underestimation of
rogt turnover 15 probably the largest source of emor. Long et al. (1989) estimated NPP for
three terrestrial tropical grassland sites by summing monthly changes in live biomass plus
logses due to death and decomposition for above and below ground vegetation, Monthly
logses wene determined as the change in dead matter plus the estimated disappearance of
dead matter through decompaosition, Dead matter disapperance was alkoulated each month
25 the product of refative decomposition rate and mean amount of dead matter.

Although some correlation between estmates obtained using different methods has been
reported (Singh et al., 1975), the degree of underestimation may be strongly site-spedific
{Linthurst and Reimeold, 1978; Long and Masaon, 1983). Where sufficient data are available for
a given grassiand site, it may be possibie to estimate NPP according to the different methods
for the purposes of comparison. This may Involve entry of data jsto algorithms or a

spreadsnest containing these algorithms.
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7.7 METHODS AND ALGORITHMS FOR ESTIMATING NPP

Annual NFF may be calculated for-a given vear (Jan-Dec) or for any appropriate 12-month
growing cycle, depending on latibude (Northern or Southern hemisphere growing season) and
emaonmental or management factors which determine this eycle, For example, anmal
buming during a short dry season Is an- important "scheduling® factor In many bumid
savannas. Note that the length of the growing season varies widely, from as lite as 3
months in extreme. continental or semi-ard conditlons to as much as 12 menths In some
humid tropical regions. Dry waight of each above-ground categary is determined at intervals
of onie month o less (preferably) within a specified number of randomly located quadrats or
N & randomized block design of quadrats. Dry weight is determined by dipping standing
beomass to ground level and collecting the litter (fallen dead matter) from the area of each
quadrat. Clipped material is sorted into ve leaves and standing dead matter, and stems are
sorted likewise, paying attention to removal of dead sheaths from live stems, Below-ground
plant matter is sampied by removing soll cores from the center of each quadrat, to a depth
detarmined by trial sampling to retrieve at least 0% of below-ground matter {usually 15-30
tm), Where the soil structure or hardness does not permit the use of corers (gouges) or
augers, soil pits may be dug to specfied dimensions. Sofl samples are washed over a 2 mm
sieve, because the ability to pass through a 2 mm mesh is generally taken as the arbitrary
division between recognizable dead matter and particulate crganic matter. Larger roots may
be removed and weighed separately from fine roats (less than about 1 mm diameter). Fine
- Toots may be sub-sampled befare separation inte live and dead matter on the basts of Hesue
Mecross, using vital staining such as tetrazolium salts whera visual discrimination ks difficult,
All sorted plant matter is washed and dried to constant weight at 90-95 deqrees Calsius,
Below-ground sampling is ime-consuming and can be expensive, so data is often of poor

quality or absent altogether.

Decomposition or disappearance of dead matter may be determined using "paired plots™ or
litter bags (Weigert and Evans, 1964; Lang et al., 1989). The palred plots technique invahes
measuring dead matter presant at the start and end of 2 sampling interval, whereas the latter
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comprises the usa of (ypically) 2 mm nylon mesh bags, Bags of dead above-ground matter
ar-;'. placed at the ground surface, and dead below-ground matter |s burded In the soil. Bags
are recovered at the end of the sample Interval, and the loss of materdal determined and

expressed a5 a relabive decomposition rate,

Statishical procedures exist for determining the optimum number and size of quadrats for
gampling ‘within dedrad tolerances, However, it Is generally not practicable o masimize the

number of quadrats 50 as o obdain a statistically significant difference In bomass between
consecutive samples (Long et al., 1952).

Methods for caloulating NPP are summarized below (refer to the Directory of Terms and

Definitlons for further details):
12, Peak Biomass Method A
ANPP = max {AGbiomass}

7.7.1 ASSUMPTIONS

« any standing dead matter or tter was carmed aver from previous yvear, and death in
current year |s negligible

# live biomass was not carried cwer from previous year

* below-ground production & ignoned, or estimated only as a fraction of above-ground
production using a crude root/shoat ratio

7.7.2 CONCLUSION

May be applicable to anmsl arable crops, but dearly a poor estmate of production for
perennial vegetation (Le. most natural plant communities), espedally where below-ground
trnover may be significant. May be useful for crude comparisons between seasonal
temperate grasslands, but has little meaning for troplcal grasslands, and should definitely not
be used 1o compara tamperate and tropical grasslands.
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1h. Peak biomass method B

ANPP = max {AGTotclip}

7.7.3 ASSUMPTIONS

= Any starding dead matter was formed by death in current year, hance counts as part
of this year's plant production

» No standing dead matter has yet fallen as litter or decompased

» HNeither live blomass nor standing dead matter were c@rmed over from previous year

» Below-ground production Is ignorfed, or estimated only as a fraction of above-graund

production using a crude root/shoct ratio

7.7.4 CONCLUSION

« As for Method (1a) above; may be a slightly better estimate of NPP where significant
death ocours dunng the growing season.

1o Max-Min Mathaod
NPP = max {AGbiomass} - min {AGbiomass}
7.7.5 ASSUMPTIONS

* As for Method (1a), but any Mve biomass carred over from the previous year is
excluded

7.7.6 CONCLUSION

= As for Method (la) above; subfraction of minimum biomass is likely to be a useful
correction only under limited conditions.

3. IBP Standard Method (Milner and Hughes, 1968)

NPP = sum {paositive increments in AGbiomass)
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7.7.7 ASSUMPTIONS

= Most growth ocors between successive sample Intervals, Le. simultaneous growth
and death do not ooour

= NPPis never negative during a sample interval
= Below-ground production may be similady measured, ignared altogether, or

estimated only as & fraction of above-ground production usng a crude root/shoat

et

7.7.8 CONCLUSION

* This allows for several distinct phases of growth within a year, bub sl fails o
sccount for new shoot growth during periods of high mortality, and vice wersa.
hiowever, for sites where data on biomass dynamics are avallable {preferably bath
above and below ground) a more dynamic comparison of met primary production
may be possible. Nevestheless, comparisons bebween temperate  grasslands
displaylng marked seasonal changes in biomass and tropical grasslands (where
biomass iy not change much despite high tumover) should be svoited.

7.7.9 ASSUMPTIONS

* Simultaneous growth, death and decomposition (2. continuous turmowver) doss not
Becur )

= MPP is never negative during a sample interval
* below-ground production may be simiardy messured, igrored altogether, or

estimated only as a fraction of above-ground production using & cruds roat/shoot
ratig

7.7.10 CONCLUSION

* As for Methed (2a), aithough the correction for material lost by death during perinds

of biomass increase will reduce the degres of underestimation of HPP
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7.7.11 ASSUMPTIONS

* Measured changes In parameters are statistically significant over each sample interval
{in practice, this may be very hard to achieve, since an imgractically large number of
samphes would ba required b detect real but modest changes over sach sampling
interval)

* Decompasition rate is independent of the compaosition of dead matter {in fact, it wil
decine exponentially as a fundton of lignin:N ratio)

» Losses of AGblomass and AGTotdead by grazing, root esudation, ste. are negligibée

* [Below-ground production may be similardy measured, or estimated only as a fraction

of above-ground production using a crude rootfshoot ratio

7.7.12 CONCLUSTON

» This i5 the only method which incorporates 8l companents required far an aceurate
estimate of NPP (and then only if both above and below-ground production are
meazued), Although such detalled data are not available for all study sites, it
provides a usefl Denchmark against which to check the possible degree of
underestimation using other methods, Where detailed biomass dynamics are
available but no data exsts on decomposition or disapperance of dead matter, it may
be possible to Improve on estimates by modelling decomposition wsing data from
ather similar sites. However, such applications are outside the scope of this

SLMMary.
7.8 NPP BOREAL FOREST

7.8.1 SUMMARY

The three objectives of this study were: (1) to surnmarize net primarny productivity {WPP) and
~carbon allocation pattems for boreal forests, (2) to examine relationships between dimatic
and béclogical varables and NPP, and {3) to examine carbon allocation cosfficents For all
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boreal forests or types of boresl forests that can be used to estimate NPP from easily

measured components of NPP.

Twendy-four Class T boreal forest stands (complete MPP budgets) and 45 Class 1T stands
{aboveground l;-lF'F' - ANPP - budget only) were identified. The geographic distribution of the
Class I stands was not uniform; 46% of the stands were froem two studies in North America
and only one stand was from the important larch forests of Eurasia. Total (above- and below-
ground) net primary productivity (NPP) ranged from 52 to B68 oC/m2/yr and averaged 424
gC/m2fyr, ANPP was conslstently larger for dedduous than evergresn boreal forests In each
_ of the major boreal regions, especlally for borest forests in Alaska. Ratios of belowground net
primary productivity (BNPP) to tofal net primary productivity (BNPP:TNPP) were consistently
larger for evergreen (0.36) than decduous (0.19) boreal forests. NPP of different-aged stands
In age ssquence varied from 44 to 77% - a magritude equal or grester to that of climatic
factors or vegelation type., .

NPP and ANPP were positively correlated (12 = 0,66 to 0.68) o mean annual aboveground
increment for Class [ stands and this empirical relationship explained 81% of the observed
variation of ANPP for Class IT stands. These robust relationships provide an approach for
Increasing the number and spatial coverage of boreal forest NPP data neaded to evaluate NPP
_estimates from ecosystem models. Notable deficiencdes of boreal forest NPP data were:
ground layer veoetation and belowground NPP data, MPP data for boreal forest age

tequences, and NPP data for boreal larch ecosystems in Eurasia,
7.9 NPP TROPICAL FOREST

7.5.1 SUMMARY

It is clear that the currently available datz on net primary production in tropical forests are
extremely limited and that even cur best estimates for this blome can only be thought of as
rough approximations within wide bounds, Neverthwoless, this study has provided 8 basis for

evaluating the quality and wtility of the data genersted by past studies and of the NPg
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estimates that have been reported in the fiterature for tropical forests, Clearly, the most
impartant knowledge gap is with respect to the belowground components of NPP in these
ecosystems. [n particular, fine root losses are likely to be 2 substantial proportion of NP? In
many tropical forests, and they &s vel remain unquantified. It is also cear that there have
been many of the previous NPP studles In this biome have involved methodological problems
and poor documentation. Henceforward, it is paramount that such studies be carsfily
designed and reported so a5 to avoid these pitfalls, A third issue that nesds to be addressed
is that of sampling bias and the lack of replication in either time or space for NPP studies In
these forests. Glven the very small and subjectively located plots that are the basis for most
of the existing data, |t is possible that the existing understanding of NPP procasses In tropical

- forests |s héghly skewed toward the highest biomass patches (fat sites with large tress, no
gaps) and is unrepresentative of the larger forest lendscapes,

There 5 a great need for well-designed field studies of NPP in sites spanning the very broad
climatic range that |s covered by tropical forests. OF particudar Importance at this stage will be
more studies of ald-growth stands of these diverse forest types. While successipnal and
human-impacted tropical forest systams are dearly of great ecological and economic
importance, NPP processes in them are highly variable due to sucressional processes and/or
to the vaned degrees and qualities of human Impacts on them. It thus seems more
productive to first concentrate on broadening our base of understanding of the more

- predictable processes in old-growth stands, which are the basis of mary global modeling
efforts and which 2lso will be the more Interpretabla guides to how tropical forest ecosystems
are respanding to processes of global dimatic and atmaspheric change.

7.9.2 For such studies, we have the following recommendations:

= Study plots at a site should be replicated, the number and size of these plots should
be determined by pre-sampling with respect to the variance In aboveground

blemass, and siting should be based on 2 random or stratified-random design.,
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Production should be measured through at least two or three Full yearly cydes, to
ghve some bounds on the temporal varance and dimatic sensitivity of NPP at each
tropical forest site,

For litterfall, large numbers of collectars should be used, the wood component should
be restricted to pieces < 1 om in diameter, data must come from at beast a full vear
cyce and from biweekly collections, components should be quartified end reported
separately, and the statistical uncertainty around the lRtefall values should be
taloudated and reportad.

For aboveground biomass Increment, estimates should be based on re-measuwrement
of at least all woody stems in each plot above a ressorsble minimum dameter for
that forest type (10 cm in most tropical moist and wet forest, smalier diameters in
many froplcal dry and montane forests), all boles should be measured above
buttresses (and this should be reported), data should be given separately for palms,
fanas, and hemniepiphwtes, and if possible, appropriate allometries should be used for
them, and the details of the biomass accounting should be reportad,

A majer emphasis should be placed on obtaining reliable estimates for fine roct
lpsses, preferably by combining ot least two of the best cumently avallable
techriques (.9, manirhizotrons, and sequential coring + decompasition studies),
with sampling to at least 1 m depth and with as much replication as |ogisticaly
possibie,

Ancillary studies by other investigators should be sought, o be camied out
concurrently at the same site, to obtain 2t least rough estimates of litfe-studied
components of NPP (coarse root Increments; emission of BVOC', rhizodepositian,
kxsses to consumers),

When publishing values for NPP components, core site descriptions should always be
provided, Induding: mean anmual temperature, mean annual predpitation (and
preferably the annual temperature and rzinfall for the yean(s) when production was

measured); elevation; soil characteristics; forest age and extent of human imgact,
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and precss site location data (labtude and longitude o more precse GPS data if

passible).
7.10 NPP CROPLAND

Met primary producthity (NPP) of agricuitural regions, where most of the [and Is sown with a
few well-studied crops, was estimated from crop harvested vield, as recorded in national
agricultural statistics. The magnitudes and inter-annual variations in NPP of croplands in the
US Mid-West were estimated using crop area and yield data from the US National Agricultural
Statistics Service (MASS). Tokal NPP, including estimates of both abowe and below-ground
comganents, was calculated from harvested yield data by (1) conversion from reporting unlts
of yield of the crop product, usially in valume, to mass; (2) conversion from fresh welght o
dry welght; (3) estimation of above-ground yeld using crop harvest indices, defined as the
retio of economic product {e.g. grain) dry weight to plant above-ground dry weight; and (4)

estimation of below-ground yield a5 a function of above-ground biomass
7.11 NPP AND THE GLOBAL CARBON CYCLE

7.11.1 INTRODUCTION

Photosynthetic carbon fixation comprises a major component of the globzl carbon cycle, Data
on net primary productivity (NPP) may be sparse, but 3 consistent NPP data set may be used
to calibrate, parameterize and evaluate models of terresirial carbon oycling, as well as for
walidation of remote sensing data and other applications (identifing trends, Investigating
biogenchemical processes, atc.). It is also useful to place such data within the conbest of

carban cycling and carbon storage worldwide. For exampie:

= How much carban exdsts in the biosphere, and whera exacty Is It stored?
= How much is in fossil fuels (coal, o, gas), and how large are cument fossil-Fuel
emissions?

= How much is in fving biomass (plants/ animals’ hurnans)?
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s How much carban diodgde 5 there altogether in the atmosphene, or dissohed in the

oceans, and how much is locked up in geclogical reserves such as carbonates?

A rumber of tables of data have been reproduced here from selected key references in the
literature, showing the estimated contribution of different vegetation types to the global
carban cyde in terms of overall NPP and carbon stocks, Information on fossil fuel carbon

shocks and emissions is provided for comparnison.

o Viewable ASCIT file versions of Amthor's 1998 data (worldnppl.t=t) and Lieth's 1975
data (worldnpp2. t=t)
= viewable ASCII file showing world carbon Mows, stocks and balances, crca 1990 (Hall

and Scurdock, 1993 (worldnpp3, b}

Some differences between Listh's 1975 estimates and the recent review by Amthor et al. are

summarised in the following graphs (browsable PG images):

+ Area of selected ecosysiems
# Estimated NPP for sefected ecosystems

Although extreme dry deserts and ioe ane induded here as ecosystems (or land cover types),
differences in accounting make it hard tn compare forest types between the two souroes,
Amthor et al. {193B) drop aliogether two of Lieth's {1975) forest categories, account for
northemn peatlands separately from the remainder of the boreal forest zone, and consider
urb2n and other human-modified land area as 3 new category, However, their karger area for

savannas and desert/samidesort makes up most of this difference,

7.12 NPP DATABASE DICTIONARY

The NPP Database Dictionary defines the common terms, codes, and conventions used in the
database. Data In the NPP Database may have besn reformatted to achieve consistency in
format and definitions of variables. Some of the processing or corversions that are often

necessary to have common definitions indude: expressing blomass as dry weight, expressing
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NPP as carbon equivalents, and distingulzhing above-ground, below-ground, and tofal plant
components, Missing numeric values are assigned a code of "-999.9." Since the data wene
collected by research workers using a variety of methods, secondary users of these data are
encouraged to consult the genesal scentfic erature as well as the publshed study site
descriptions in order to more fully understand the data from each site. The NPF Database
Dictionary attempts to standardize the terms and abbreviations used by fisld workers and
modellers, but may not include the full range of synonyms used for plant biomass and
production parameters, Al the terms w=ed throughout the NPP Datahase are defined,
although they sometimes differ from biome to biome. The following st was prepared

principaily with reference to grasslands.

7.13 MODIS DAILY PHOTOSYNTHESIS (PSN) AND ANNUAL NET PRIMARY
PRODUCTION (MPP) PRODUCT INTRODUCTION
Probably the single most fundamental measure of "global change™ of practical interest to
humankind ks change in terrestrial biodogical productivity. Biological productivity ks the source
of all the food, fiber and fuel that humans survive on, so defines most fundamentaly the
hahitabiity of the Earth. The spatial variability of NPP over the globe is enormous, from about
1000 gCjm, for evergreen tropical rain forests to less than 30 gCfm. for deserts [Lieth and
Whittaker 1975). With increased atmospheric CO; and global dimate change, NPP over large
areas may be dhanging (Mynenl et al 19973, VEMAP 1995, MeHlo et al 1993).Understanding
regional varabdity in carbon cyle processes requires a dramatically more spatially detailed
analysis of global land surface processes The PSN (Photosynthesis) and NPP (Net Primary
Production) products are designed to provide an accurate, requiar measure of the production
actvity or growth of terrestrial vegetation. These products will have both theoretical and
practical utllity. The theoretical use is primarily for defining the seasonally dynamic temestrial
surface CO; balance for global carbon cyde studies such a5 answerng the *missing sink
question” of carbon (Tens et al, 1990} The spatial and seascral dynamics of C0y flux are
also aof high interest in global dimate modeling, because COy is an important greenhouse gas
(Keeling et al, 1996, Hunt et al 1996). Cumently, global carbon cycle models are being
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Integrated with climate models, towands the goal of Integrated Earth Systems Models that will
represent the dynamic interaction betwesn the atmosphers, biosphere and ooeans, The
weekly PSN product i most usaful for these theoretical €Oy flux questions, |
The practical utllty of these PSN/ NPP produdts Is a5 2 measure of orop vield, range forage
and Forest production, and other economically and sodally significant products of vegetation
growth, The value of an unbigsed, regular source of crop, range and forest production
estimates for global political and economic dedsion making Is immense, These products will
be avalable for all users woridwide, This dally computed PSN more comectly defines
 termestrial ©0; fluxes than simpie NDVI comrelations currently done to increase understanding
on how the seasonal fiuxes of net photosynthesis are related to seasonal varations of
atmaspheric CO;.
7.14 THEORETICAL BACKGROUND
7.14.1 ESTIMATING NPP FROM APAR
The noticn of a conservative ratio between absorbed photosynthetically active radation
(APAR) and net primary production (NPF), was proposed by Monteith (1972; 1977). Montaith's
onginal loghc seggested that the NPP of well-watered and fertiized annual crop plants was
linearty related te the amount of solar energy they absorbed. APAR depends on the
geographic and seasonal variabiiity of daylength and patential incdent radiation, as modified
by coudcover and aeresols, and on the amount and geometry of displayed leall maberisl, This
logic combined the meteorclogical constraint of avallable sunlight reaching a site with the
ecological constraint of the amount of leaf-area  bsorbing that solar energy, avoiding many
complexities of carbon balance theory, Time inbegrals of APAR have been shown tucnr.rﬂate
well with observed NPP, but different relstionships are observed for different vegetation
bypes, and for the same vegetation type under différent growth conditions [Russell et al,,
1989). Other factors influencing MPP, in addiion to APAR, include: concentration of
photosynthetic enzymes, anopy structure and average PAR Mux density, respiration cosks for
maintenance and growth canopy temperalure, evaporative demand, soil water availability,

" and mineral nutrient availability
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The challenge of estimating NPP from APAR over a global domain is in accounting for these
multiple influences. Although ®t has been clearly demonstrated that useful empirical
relationships between measured NPP and measured APAR can be derived for individual sites
or redated groups of sites, the objective parameterization of these empirical relationships over
the giobal range of climate and vegetation types is @ more dificult problem. Monteith's
original formulation induded a maximum radiabion conversion effidency [emax) thal Was
attenuated by the Influence of other simple environmental factars postulated to reduce
growth efidency, The same basic approach has been used in most other appll cations of the
radiation use effidency concept, with the most signiflcant
differences betwesn approaches being the determination of values for emax and the
functional forms for its atbenuation. Early applications assumed & unlversal constant for
emax that would appl across wegetation types, but later shudies showed important
differences in maximum efficlency between types (Russell et al,, 1989). It has been 5.h|:|wn
that differences in autotrophic respiration costs may account for some of the Importank
differences in ermax between vegetation types (Hunt, 1994, which suggests that APAR may
be more dosely related to the gross primary production (GPF) than to KPP [GFP is the
photosynthetic gain before any plant respiration costs have been subtracted).
This approach, using APAR to predict GPP instead of NPP, and later accounting formespiration
oosts throwgh other relationships, kas been empioyed In recent studies (Prince and Goward,
1995} Since the relaticoships of emdronmental varables, espedally temperature, to the
processes controlling GPP and those confrolling awtetrophic respiration have fundamentally
different .t seems [Hely that the emgircal parameterization of the influence of temperatura
on production efficency would be more robust if the gross production and autotrophic
recpiration processes were separatad.
7.14.2 RELATING APAR AND SURFACE REFLECTANCE
& strong relationship has been shown to exist for vegetated surfaces between the fractional
absorption of incident PAR and the surface reflectance of incdent radiation (Sellers, 1987;
Asrar et al, 1992). A robust predictive theory for this relabionship has also been established
{Sellers et al., 1992). This relationship makes the radiation conversion efficency legic an
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attractive avenue for predicting NPP from remote sensing inputs. IE is important to note that
the radiation use efficiency logic reguires an estimate of APAR, while the uswal application of
remote sensng data provides an estimate of FPAR, the fraction of incident PAR that Is
absarbed by the suface {APAR = PAR * FPAR). Measurements or estimates of PAR are
therefore required in addition to the remotely sensed FPAR. For studies owver small spatial
domains with i situ measuremant of PAR at the surface, the derivation of APAR from
satellite-derived FRAR is stragghtforward,

NPP algorithm depends on global daily estimates of PAR, ideally at the same spatial
resciution 25 the remote sensing inputs, which is @ chafenging problem. Various methods
have been implementsd to sddress this problem, and we will consider some of them In & later
goction. For now, we simply nota that in spite of the strong theoretical and empirical
refationship between remotely sensed surface reflectance and FPAR, accurate estimates of
NPP will depend at least as strongly on the quality of the global daily estimates of PAR.

7.15 ALGORITHM OVERVIEW

The details of algorithm implementation, focusing on compute structure, data handling,
Frocessing loads, end guality assurance issues. Section & covers algorithm validation

efforts. The essence of the core sclence in the algorithm & an application of the radiation
conversion efficiency logic to predidions of dally GPP, using satellite-derived FPAR and
independent estimates of PAR and other surface meteorological felds (from the DAD), and
the subsequent estimation of maintenance and growth respiration terms that are subtracted
frotm GPP to arrive at annusal NPP, The maintenance respiration (MR} and growth respiration
(GR) components are derived from allometric relationships linking daily biomass and annual
growith of plant tissues to satellite-derived estimates of leaf area index (LAI), same
parameters used in the Biome-BGE ecosystem process mookel

The parameters relating APAR to GPP and the parameters relating LAI to MR, GR are
estimated separately for each unique végeia-lian type i the at-launch land cover product.
The GPP parameters are derived empirically from the output of Blome-BGC simulations
perfcq'meﬂ over @ gridded global domain using multiple years of grdded giobal daily
meteoroiogical observations. The MR and GR parameters are takean directly from the Biome-
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BGC ecophysiciogical parameter lists, which are organized by plant functional type (White et
al,, in prep.). See Saction 4 for a discussion of the parameterization process for GPP and
respiration  parameters, operates over the global set of Lkm land pixels, using the
mmbmuqn of dally and annual processing just outiined, The discussion of dally and annual
processing Inthe following subsections is with respect to a single 1km fand plxel.

7.16 DAILY ESTIMATION OF GPP

For @ particular pboed from the global set of 1km land pidels, daily estimated FPAR from
MOD15 and daily estimated PAR from DAD are multiplied to produce dally APAR for the phel.
Based on the atdaunch land cover product, a set of radiation conversion effidency
parameters are extracted from the ome properties lookup @bk (BRLUT). There are five
such parameters for sach vegetation type:

Paramatar Units Description

Emax (kg MI-1) the maximum radiation comeersion efficency

TMINstart =C) the daily minimum temperature at which e = amax (for
optimal Ve

THMINfuA (2C) the daily minimum temperature at which e = 0.0 (at any
VFD)

VPDstart (Pa) the daylight average vapor pressere defict at whiche =

Emax (for aptimal TMIN)
VP&l [Pa) the: daylight average vapor pressure defick at which e =
0.0 {at any THMIN)

The two paramebers for TMIN and the two parameters for YPD are used to Caloulate two
scalars that attenuate emax to produce the final e used to predict GPP, The second step of

the dally process |s to estimate maintenance: respiraticn costs for keaves and fine roots. These
estimates are based on a standsrd exponential functon of dafty average air temperature

scaled by the Hormess of leaves and fine roots, We use LA from MODLS o astimate l=af
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miass, based an a specific leal area (SLA) from the BPLUT. Fine root mass is assumed fo be
present In a constant ratio to keaf mass.
There are several components of the plant respiration costs that cannot be estimated
accurately on each daily timestep, given the constraints of the data available In the MODIS

* processing stream. One of these is the component of maintenance respiration in ‘woody
vigetation types that & due to the e cells of the woody biomass. These cells are present
and respiring as @ function of temperature throughout the year, even for deciduous types
which have no leaves displayed In the winter or drought months, The logic used abowe to
relate fine root mass to leal area will not work for this component, since it misses respiration
ooourning when the treas are bare, A botter approach & to assume that the amount of liva
woody tissus s tonstant through the year, and i relatad o the annual maximum leaf mass.
By sending daily lealf mass as an output from the daily algorithm, this annual maximum czn
be ascacsad in the annwal time step logic. Because of the non-linear influence of wemparature
on maintenance respiration, it is also necessary to send an index of daily maintenance
respiration potentiad a5 an output from the dally algosithm, 59 hat onoe the live woody tissue
miass is kmown It can be usad to estimate annual total live woody maintenance respiration,
Growth respiration is the other component that cannot be estimated acourately at the dally
time step, Differencing of LAI between time steps could possibly produce estimates of daily
growth, but such 3 method would be very sensitive to random variztion in estimated LAL
Here again we use the annual maximum of keaf mass, together with empirical allometric
refationships estimated from literabure review, to estimabte growth and Its assoclated
respiration costs. The daily output of leal’ mass described above is used for this purpose.
since some of the maintenance respirabion costs and all of the growth respiration Costs have
not been accounted for in the dafly tmestep, the daily output from this algorithm is termed
NPP*, to differentiate it from the true daily NPP, which is never Known, Outputs from the
dally algorithm, NPP*, daily keaf mass, and an index of dailly maintenance respiration,
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7.17 ANNUAL ESTIMATION OF NFP
The anmual algorithm finishes the estimation of annual NFP by first estimating the live woody
tissue maintensnce respiration, then estimating the growth respiration costs for leaves, fine
roots, and woody tissue. Finally, these components are subtracted from the accumulated
dally NPF* to produce the an estimate of annual NPP, The annual madmum leaf mass, as
estimated from the cutput of dally beaf mass, is the primary Input for estimates of both live
wood maintenance respiration and whole-plant growth respiration, This approach relies on
empirical studies relating annual growth of leaves to annual growth of other plant Bssees, In
addition to the annual maximum leaf mass, an estimate of leaf longevity (the inverse of leaf
turnover rate) s required to predict the annual keaf growth for evergresn bypes. For
deddoous bypes, leal longevity Is assumed o be less than one year, so the total leaf mass
must be grown each year. Our loglc makes the assumption that no litterfall begins for
deciduous types untl the maximum annual leaf mass has been attained. In cases where
litterfall is happening at the same time as new leaf growth our method would tend o
underestimate the total annual growth respiration costs. The same problem applies o
" evergreen fancgées, but with konger leaf lifespan the potential error & smaller.
Growth respiration costs depend only on the amount of tissue grown and the type of tssua,
Although our implermentation of the annual algedthm leaves open the possibility of having
differant growth costs for different tissuas, our curment implementation uses the same growth
cost per unit of new carbon In leaves, fine roots, live wood, and deadwood (Larcher, 1995;
Thomton, 1998}, The annual algonthm uses annual maxmum leaf mass and the leal
longevity o assess leaf growth respirstion, and then uses empirical coefficients Lo relate
anmual leaf growth respiration costs to annual fine root, live wood, and dead wood growth
respiration. These parameters are calculsted directly from similar parameters used in the
Biome-BGC model
7.18 BPLUT PARAMETERIZATION
Parameterization strategy overdew: Parameter valuss for the daily and annual algodthms afl
come, directly or Indirectly, from the terrestrial ecosystem process model Blome-BGE, In the
case of the parameters controlling dally estimates of GPP, there s an indirect mnned&'m v}
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Biome-BGC, wheve daily output from extensive simulations over the glabzl range of
vegetation and dimate s wsed to Quide the parameter selection through @ multivariate
optimdzation procedure. In the case of the paramelers for dally lesf and fine root
maintenance respiration the parameters come directly from the model's ecophysiological
parameter files that define differences between plant funchional ¥pes. It has been recognized
that the relationship between APAR and NPP {or GPP) is not simple or linear, but that it can
under certain conditions provida robust empirical estimates, The strongest amumeant for ts
application in processing stream is the direct fink |t provides to remotely sensed surface
reflectances. This link permits astimates of NPP that account for observed landcover changes,
Earfier arguments for the RUE approach focused an the lack of mechanistic understanding of
terrestrial primary production, which prevented robust apprications of marm process-ariented
approaches. Given the strong predictive abllity of our mechanistic NPp algarithms,
demonstrated in comparisons against measurements  at multiple scales and in maltiple
biomes, it appears that understanding ¢f mechanism is not & serous Hmétation,

The cost of implementing more mechanistic models in the operational processing stream s,
however, an Important consideration, The memory and processing requirements for Biome-
BGC compared to MOD-17, for example, are on the order of 100:1, 2 strang argurment for the
radation conversion efficiency approach. Validation of the MOD-17 results is an important
comporent of our research efforts, and the large number of dependendes in this level 4
product make that a very challenging process, A direct validation of the MOD-17 results with
surface nbsar-.gﬂm will be very difficult, and will have to wait until there is an adequate
overlap betwesn MODIS processing and surface data coliection (see Section 6). There are
important steps that can be taken before then, and cur use of the Biome-BGC mndal results
In parameterizing is an Integral part of our pra-taunch validation planning,
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B, AGRICULTURAL PRODUCTIVITY INDEX

8.1 INTRODUCTION

Productivity is not a synonym of ‘fertility'. It is generally used to express the power of
agricultuse in a particular region to produce ops without regard to whether that powsr is
due to the bounty of nature or to the efforts of man, On the other hand, fertility denotes the
al:niﬂn.rnfsnﬂI:-:_:praw:leailMmﬁmﬂantmmmtsmmmzleﬂnmﬁmmamme
bakarce for the plant growth, In FECENt years many attempts have besn made to define the
cannotation of agricuitural productivity and a considerable amount of literature exists on this
subject. Agricultural productivity may be defined as the ratin of the index of total agricuttural
autput to the index of tokal Input wsed in farm production, It Is, therefore, a measure of the
efficency with which inputs are utilized i preduction, other things being equal. According to
Dewett, “Productivity expresses the varying refationship between agricuttura) output 2nd one
of the major inputs, like land or labour or Capial, other complementary Factors remaining the
=me .0 I ey ba Bome in mind, that productivity s physical rather than 3 value-concept.
The connotation of agricultural Productivity engaged the attention of many an sconomist at
the 23rd Annual Confarence of the Indian Society of Agricultural Econamice,

Some economists suggested, that the vield per acre should be oonsidered o indicate
agricultural productivity. A number of objections were rafsed against this view because it
considered only kand which is just one Fackor of pradection while other factors are alss
respansibie, and that, therefore, it was arbitrary to attribute productivity entirely to land and
express |t per acre of land, It was suggested, for instance, that productivity could also be
measured in terms nF::eerlturlaﬂxn.randdﬂ‘Fﬂmtregi:nsmnwﬂﬂ on that basis. It was
pointed cut further, that Hﬁm’ﬁfﬂﬂ‘efﬂmﬁtﬁpﬂrmﬂ'ﬂm TESOUrCE dols not depict the
true picture, therefore, instesd of it, the manginal returns per unit of the scarce resource
should be considered. This definftion appears W be more meaningful than others, but gives
fige to a lot of practical difficuties, After a tharough discussion, it was generally agreed that
the yield per acre may be considered to fEpresent the agricultural productivity In a parioulsr
region, and that other factors of production be considered as the possible causes for the
variation while compating it with the oéher regions/ Pandit has stated the connotation of
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productivity in these words, "Productivity ks defined in economics as the output per unit of
IngUt. .. the art of securing an incregse in output from the same input or of getting the same
output from a smaller input.” He furthar suggests, that increases in productivity, whether in
Industry or agriculture, is generally the result of a more efficient yse of some ar of all the
factors of production, viz., land, labour and capital. According to Saxon basically, productivity
5 & physical relationship between Sutput and the input which givas rise to that output.G
Horming defines the term productivity that it is generslly used rather broadly to denote the
ratio of autput to any or all assodiated inputs, in real term,

There are many different concepts of productivity, and still more ways for computing it The
Chairman of the International Commission on Agricultural Typology, Prof. Kestrowicki, irmvited
different views on this problem By sending a questionnaire to ever 100 scholars throwghout
the world, which embaodied the following two questions:

*  What methods, of meSSUNng Intensity of agriculture shauld be applied in typological
studies of various orders?

= What methods, measures and Indices should be used to define land, lsbour and
capitl productivity of agriculture in typological studies of various orders?

About fifty geographers from all over the world respended and suggested variols
approadhes o the measwement of agricuitural intensity and productivity, The Chairman of
the commission while mﬂummﬂmﬁﬁemtmm&m%mﬁammm
testing whusme&mdsmdmdlmhh&kﬁadlnthestwlﬁnfﬁnumhﬁm
naededl‘i‘nducﬁuivufagﬂmlmmfarhﬁbemhnkm at from different points of view,
.su:h 95 productivity of land, labour and capital. These are the best known partizl
productivity measures,

B.2 PRODUCTIVITY OF LAND

Ammmmmnnmwmmhm,mnmmm
permanent and flved among the thres convenitional categories of inputs (land, labour and
capital), and in recent times has assumed spedial importance with the Population explosions.
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urdmreww:ru:haﬂ;apmssesvﬁjnfmm terms of output, and from a nationg
point of view, it i desirable to sacure the employment of the greatest number of persons.
ﬁmmﬂhmtmﬁxﬂyﬂmimmlnmmahﬁh density of
populatian. Where land resources are IIercF,memrq:alhmﬂraﬁngprmm o kpen
pace with the growth of population and the demand Far improved diets is by raising yields per
hectane,

Raising the productivity of lang, hum,dnanrxmmwwmﬁmﬂuwiscﬂmw
mm.nmnpmwwweumufaMmqrmmw in redation to the total ares of
farm fand, ardmbemlsednlsuhyd-anglmu-epaﬁanﬂrmdmﬁm toward more
intensive systems of cultivation or towards higher value crops. The productivity of kand may be
Increased by raising muitiple crops in a ¥ear on the same land as the farmers of Japan,
China (Taiwan), or United Arab Republic are doing, It may be Increased also by progressively
changing fand from low-value crops to high-value erops.

Here a distinction must be made behyesn the concepts of measurement of agricultura
output in terms of calores {or some other measurement of food values), and in terms of
money values. For example, if in a certain region {and i5 shifted from careals to patatoes the
output per. hectare In terms of calaries, of human foed is likely to be Increased, tut jts
pttducl:lmrlntennsutmnnw'mh,re mvbaﬁwmdmwduwnmdlmmme redative
prices of cereal's and potatoes, Agaln shifting of land from maln orop potatoes to early
SEQS0N polatoes or b ey vegetables ray well increase its praductivity in maney terms, but
will slmost certainly reduce It in terms of calaries, In developing countries with deres and fast-
growing populations where food it in stmrtsq.lm:mﬂ‘:frstrmdmavhemma:dmlzeﬂt
vilume of the total output in terms of calories,

8.3 PRODUCTIVITY OF LABOUR

Whereas, the productivity of land is of primary importance as a determinant of the total leval
of food and agricultural production, the productivity of labour Is mainly important as a deter-
minant of the income of the Population engaged In agriculture, The productivity of labeur s &
samewhat more complex concest than fand productivity. It may be simply expressed by the
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foars. of work needed to produce, e.g., 2 ton of wheat or cotton, But excent where mainly
manoculiural agricuture is practised such measurements have a limited meaning, and more
eoenmonly labour productivity is measured by the total agricultural output per unit of labour,
Labour input may be expressed as the total number in the labour force or, In order to take Into
account the intensity of labour, as the number of man-hours worked in agriculture. Similarly,
the total agricultural output may betaken as the gross farm output, or it miay be taken as the
value added by labour and other factors In agriculture, Le., the value of fertilizers, pesticides,
fuel and other inputs from outside the agricultural sector is subtracked from the value of the
output in order to determine the net contribution of agricutural sector, The more refined
systems of measurement, in particular value added per man-hour, are of importance chiefly in
econamically advanced countries where it is intended to compare labour producthity in agricul-
ture: with that of other ocoupations, o where it is necessary for social purposss to aenpare the
incomes and productivity of werkers in agriculture with those in ather accupation®,.
They are of ess Importance in developing countries where there is commanly an abundance
of farm labour, and where farm workers are often seascrally employisd or underemployed
edcept 3l imes of peak labour demand, e.g., at harvest,
- Labour productivity in agriculture has bwo important aspects, Frst, € profoundly affects
nationsl presperity, Le,, the national income; secondly, it principally’ determines the ctandard of
fiving of the agricuitural populstion.” Mational prasperity in the economic perspective is brgaly
Fynanymous with the high output per man-hour. Therefors, if a country intends to increase
Its prosperity It needs:
{a) to encourage tachnical assistance and improvernients to the labour population, which heip to
imcrease praductivity in the agricuthural economy, and
{b) to stimulate & continual transfer of labour from kow productivity to high productiity
regions.
50 far as raising the farmer’s standard of Iving = concemead, thera are two ways ; either he
may be paid mare than the prevailing regional or workd pricos for a given amount of work, or
the steps can be encountered to ratse his output, .., productivity from the same resoures,
Outpist per man can be improved in the agricultural economy
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[} hyglﬂqeachhnmﬁ:a-mhﬂard livestock to look-after, and
{ii} by making each unit of land and livestock capable of yielding a bigger cutput.

8.4 PRODUCTIVITY OF CAPITAL

Producthvity measures of capital are particularly complicated tn compute and difioet ks
mmlsmmmmmmwmmwnmmrwmm
mmmmmmmlmmmnmmsmmwmmmmmﬂmm
land, for land Improvement, bnd reclamation, dranage, imigation purpases, Ivestock purchase,
mmfﬁﬂmmmnmmmmﬂm,mmmmm,m
Measurement of agricdtural productivity diepends upon conceptually consistent measures of

by the decisions of the farmers under the framework of gevernment's policies. And these
inputs may be dassified as labour and tangible capita! (ncluding Intermedigts products which
ane purchased am%ﬁmhr%m%aﬂﬁmammﬁmm
sead). Land, Buiding, machinery, pesticide, Fvestock and purchased production services ars
tangible capital inputs. Cheice of inputs mainly determines the Increase in agricultural
productivity with due regard to the quatities of Inputs In a relative sense mnd the
techniques and skills which are utilized In production pracess,

Stamp while attempting to measure crop productivity per unit area emplasized, that areal
differences in producthity are the result partly of natural advantages of soil, and partly of
farming effidency.” Farming efficlency refers to the properties and quakities of various inputs,
the manner in which they are combined and utilizad |n production. In the United States,
varicus hypotheses about the causes of increase in agricuitural productivity have been
advanced, For instance, Henry'? has mentioned, that it ks primanly the resudt of an unusus|
abundance of fand and ratural resounges, Laomis and Barton'” suggest, that real causes of
- increase In productivity has been 'new knowledge and technical change, and such closely
refated forces as changing relative prices, incressed spedalization, increased size of Farm
operation, changes in institutional struchure of education, credit, transportation, processing



and the economic activity, etc

8.5 APPROACHES TO THE MEASUREMENT OF AGRICULTURAL PRODUCTIVITY
INDEX

THE ASSESSMENT of agricultural productivity has engaged the attention of scholars working in
different disciplines fike, geography, economics and agricultural sciences for a long time. Many
attempts have been made to measure and quantify agricultural productivity  in Indiz a5 well
s In ather countries of the: world,

the refative productivity expressad it in terms of gross output of crops and livestock. We
censidered the following seven paramatars:

(i) the yield per acre of crops,

() the livestock per 101) acres,

(i) the gross production or cutput per 100 acres,

(iv) the prapartion of arable land,

v the number of persons employed,

(Wi} the cost of production expressed in terms of wiages and labour costs, rent or inbenest,

and

(Vi)  prices refative profitability and general economic conditione.,

' This area s expressad aﬁammufmwmmmﬁerﬂhsﬂeded crops,
Secandly, Gangull tried to obtain the index rumber of yield, This is found by dividing the
vield per hectare for the entire region as the standard, This yieid may be expressed as a per=
centage and the percentage may be regarded as the index number of yeid, Thindiy, the
proportion of the area under A and the comesponding Index number of vield were mltiplied,
Theremhvumvannm which are apparent by using this method, i.e.,

(a) the relative impertance of the crop A in that unit of study is assessed (a5 indicated by
the proportion of the cropped areg which is under &_ and

(b} the yield of the crop A in tamparisen oo the regional standard. The product thus
. obtained indicates actually an index of the contribution of the crop A to the productivity of
the unit considered,



it as a mathematical problem and initiated a system of four coefficents

(3) productrvity coefficient,

(b} ranking cosfficent,

() money value coeffident smd

(d} starch equivalent or energy cosffident.
wnmmmthmm'mammmmmm
uﬁ-%hmhmmh&mm{hawwwmmmmemeﬂ
production. He, therefore, evoived a massure of orop productivity by using Index number
technigue. mmmmmmmwwwmnammmm be expressed in terms of some
rommen units, Kendall pointed out, that there are twe comman units which can be taken
mmﬁmmmmme'mﬂmndﬁmmy 35 expressed in starch
erquivalant.

8.6 MONEY VALUE INDEX

In case of money value Indax there 5 one major difficulty, that data for cortain Crops &g not
avallable, for example, there are many vegetables and beans which are grown mostly for the
consumplicn on the fams and their price data are not recordsd in contrast to cereaf crops
Whose data are adequate. While determiréng the maney valus coefficient, another difficulty
mmmﬂmhm—hrmmﬂthlllng in the area shoud be
adopted, or those prevalling in the region ar in the Lountry as a whole, in addition to the focal
variations in the prices which depend on drcumstances like, procamity o the market or the
refative Nutritive character of the product., Significant differences in prices per ton between the
craps affect the final resyit heavily in favour of the hlgherp‘a:edmmnmdlty. This muethod, the
crop production of each unltarealsvalu&dhymummwgmevnlwnanfpmm-:ﬁnnﬂfa
pa:ﬂmlarl:mphy'ﬂ'ielrlce, andu'mawmemsullemﬂhemmnﬁaﬂm
together. The total s divided by, The total acreage in the unit area under the tofal celected
crops. The result gives for aach unit area a figure of money value per acref hectare undar the
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equivalent as the most suitable unit.whilecalouiating a coeffident based on starch eguivalent
It should be decided: [a) whether a gross or net digestible energy figure is to be taken, (b)
whether any allowance is to be made for byproducts, such as—wheat and bardey straws or
the green stalks of malze, jowar, and bajr, and () whether any aooount should be taken af
the fact that the energy in certain foods has first to be fed to vestock and then whest and mills
5 usad for human consumption. The basic question that arises in this technigue s whether
the gross starch equivalent of the various cops should be considerad or the net equivalent.
Net energy refers to the amount of enargy for work and body building whereas, a gross figure
includes the energy empéoyed in the digestive process of the consurming animal and similas
non-realisable forms. It should be mentionad here, that the money value coefficent does not
take into consideration the value of the by-products of the aops but a similar omission of any
allowance or the energy of the by-products in the energy ooefficent would have a serous
affect, It is surmised, that there is nearly as much starch ' equivalent in the straw
produced on @ hectare of land as the grein #self. Therefore, it becomes necessary to estimate
the: production by weight of by-products to the main products of wheat, barley, cats, beans,
peas, e,
The determination of productivity by the productivity cosfficient method Ivolves the uss of
higher mathematics and the money value coefficent and starch equivalent or enengy cosfficent
posses 8 practical difficulty. Therefore, Kendall looked for a coeffident which might lead to
simiiar results in productivity and save 2 good deal of calculations, The method "w attemnpls to
arrange in sequence any given number of units growing the same range of crops and then
. a5sess their agricultural effidency,* Kendall took the arre yields of ten ieading crops in each of
the forty-eight administrative counties of England for four selectad years, The places ocoupied
by each county in respect to the selected crops ware then averaged, and thus ranking coeffident
of agricultural efficiency of each county was obtained. If a county was at the top of every list,
It would have a ranking coefficent of one and if It were at the bottom of every list, it would

have a ranking cosffickent aqual to the number of courties toncerned,



M =productivity of labour,
F-—.prl:h:lu.:tiun, anig
L=labour utiized,
Method for measuring the agricultural productivity, L&, to convert the totm agricultiira|
production rncaluﬁm.ﬂremhﬂchlakﬂrsaﬂﬁaﬁumnfﬂﬁgemlhﬂudmnfapﬂ"sm

- onditions of northwestam Europe,' the SVEFAgE i5 2,480 calorips 8 day or shout 9, 00, D
calories per Year, aggregate Productivity depends upon tonceptually consistent Measures of
agricultural output and ingye, The measures of mputs ncludes all fhe production Facters
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output relative to input. The concept of productivity measurement is difficult to define
and even more difficult to quantify, whils working out the trends of productivity in
agriculture of the state of Kerata (India) has measured productivity on the basis of yield par
acre. Enyedi(1954) while desoribing geographical types of agriculture in Hungary refars to a
fermula for determining agricultural productivity.
The concept of productivity ls based nat anly on the single relationship between output
and fnput, but rather on the differences between two or more relationships, |.e.,
differences In the same agricultural region or sub-region as between successive
periods (In time), and between similar agricultural regions in different countries or
regions during the same perfod (in space). It may also be possible to make
womparisons between the rends of productivity for different products, betwesn
different regions of the national economy or between the agricultural regions and the
national economy as a whole,
The variables relating to the level of output per acre are selected as
follows:

{1y normai level of rainfall,

(i) percentage of current and old fallows,

iy percentage of area under jrrigation,

(iv)  percentage of literacy,

(¥ percentage of pepulation on agriculture,

(vl)  Intensity of cropping,

{vil}  percentage of gross vaiue other than foodgrains and fodder,

(vil}  The percentage of area under al crops exduding fodder and foodgrains,

{lx)  density of agricultural Population per acre, and

) percentage of total area under commercial crops including rice,

In arder to assess the weighted ranks, the ranking position of a crop is multiplied by
tne magnitude of It to the total cropped area. For example, an enumeration unit A

has rank 5 on the basis of yiedd for wheat, and wheat occupies 33 per cent of area
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ta the total cropped land; jowar ranks 3 and occuples 16 per cent of the area; rice
ranks 4, and occupies 30 per cent of the total cropped land. Thus, the weighted
average of ranks for different crops would be: (5%33) + (3x 16) + (930) = 333
divided by the sum of the weights as 333/79=4.21. Kendall's ‘ranking coefficient’
would be worked out as follows: 5+3+4 = 12 divided by the number of craps

taken Into consideration as: 132/3 - 4,

8.8 MEASUREMENT OF AGRUCULTURAL PRODUCTIVITY
Agricultural productivity can also be measured with respect o all the resources
committed to agriculture Including all the Inputs, lke land, labour, building, machinery
and fertilizers, etc, These nputs should be aggregated and compared with the gross
ocutput of the entire region. He further suggests that productivity studies are more
useful when they are made over a period of time. Wherever comparable data are
avallable, different techniques for analyses in different Hime series can be employed.
Productivity comparisans might also be made for different regions or for different crops,
Assessment of productivity with the output per unit of a single input and output par unit
of cost of all inputs in the agricultural production. The common purpose of this function
is to express inputfoutput relationship between several inputs and ene output in the
agricultural systems. The function takes the following farm:
¥om AXs® 25000 T
where x %, ¥, X, . . . . n denote various inputs, like
land, Iabour capital assets  and  other working  expenses,  The
values of b, ¢, d,.......y represent elasticities of the respective inputs, Tambad (1965
and 1970} has adopted 'Crop Yield Index’ as the basis for measuring agricultural
productivity. He explains, that the purpose of this technigue is to express the average
wield of various crops on a farm or in 2 region relative to the yield of same crops on

an another farm or in a second region. It can be expressed in the equation form as:
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3 ¥

Ad
Crop Yield Index = i=1 y,
—a
AN
im]
Where
= b A o R e VLR n Bre the number of Crops consicer
ed in-an unit area or year,
Y= I8 the yield per acre of crop |, in a farm area or year,

[T is the weightage of crop | denoted by the area under the crop as a
percentage of total cropped, and

Yo= |5 the average vield per acre of crop |, at the group of farms or entire region or

the base vear,
8.9 AGRICULTURAL EFFICIENCY

The productivity on the basis of labour population engaged In agriculture, it can be
computed by dividing the gross production in any unit area by the number of man-
hours or kess precisely by the numbers employed in agriculture, In order to assess the
. productivity on the basis of population engaged In agriculture it can elther be
obtained by dividing the total production with the number of workers, or & reverse
indax be applied whera the total number of workers per unit of production is assessed.
Standard deviation formula to determine agricultural efficency in Study area. For this
purpose we seiected all the twenty-five major crops grown in the study anea which were
grouped imto cereals, pulses, oifseeds and cash crops and spedfic vields per hectare of
cergals, pulses and oilseeds were taken. And In case of money crops, their monetary values
were calculated (in R} per heclare by incorporating wholesale market prices, Fnally, e
standard soores were computed and to give them weightage, these values were multiphied by
the acreage figures, e, the area of cultivation under the crops. Attempted to compute the
* indez of productivity eoefficient following the formula intiated by Enyed! for each district of Tndia

with regard to twelve food cops. Accounted agricultural |zbour producthvity differences in
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deveioped countries (D0s) and of kess developed ooumiries (LDCS) for three different periods.
They Incorporated the independent variables, like kand, kabour, Ivestock, fertlizer, machinery,

educalion and bechnical manpower,
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9. LAND SUITABILITY MODEL
9.1 GENERAL
Land, a finite resource, |5 shrinking in extent and deteriorating in quality as a resull of
expanding urbanization, industnalization, vared dwic uses and mismanagerment of water
tesource, The current gap batween demand and supply of land, fuel, fodder and timber Is
likely to worsen in mear fubure 85 8 consequence of continuing degradation of land and
reduced per capital 1and availability, Imgation in & particular situation may degrade the land,
if not scheduled and planned properly as per the requirement of crop and soll. Sustability
evaluation of land for irigation I a systematic appraisal of land and their designations by
categories o classes on the basis of physical and chemical characteristics (Resler 1979), The
characteristics of land that determine its suitability for irigetion are topography, wetness,
tewture, depths to bed rock, CaCO3, water retention and Infiltration rate(Peters 1577). Land
evaluation aims at assessing present projection performance jevel and its production potential
for a spedific purpose,
Land suabilley provides a rational basis to analyse various sodl, nutrents and land
parameters to arrive at optimum solution to vanous problers of natural resousces, L indudes
land capabiity classification, land Irrigability assessment, soll sultability For crops, suitabdity to
_plantah‘m [ trees [ aquaculbire etc. land evaluation principle is based on matching the
requirements of a land for specfic use with the characteristics of inherent soll, nutrients
retentions, cimatic, topographic and other natural resource. The soils of the command areas
were mapped following visual interpretation of catellite data with sol profile studies and
laboratory analysis of coils, at the hewvel of soll families and their assoclstion a5 per soll
tonomy (Soll Survey Staff, 1992). The land sutability for Irrigebion was developed by
Ministry of Agriculture, Govt., of India (AIS&LUS, 1970).
Remote Sensing has shown great patential in Land suitabdity model mapping and monitoring
due to its advanktages over traditioral procedures in terms of cost and lime affectiveness in
the avallabllity of information over larger areas.. Hence, it is proposed to use remote sensing
data for the mappéng of natural resources. Nevertheless, the surface refledance spectra over

a wide range of objects and conditions should be identified and interpreted into meaningful
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outputs prior to decislon-making @nd applications. Sateflite Remote sensing images, such as
IRS- IS5, PAN and WiFS are proposed to use. GIS (Geographic Information System) has
become an Important ool because it enabies to intagrate the complex decisions to be taken
under milt-variant situations of the resource hase and their dynamics., Survey of literaure
reveals that GIS technigues have been employed for devalopment of land sultability modal Far

Irrigation Management

8.2 SIGNIFICANCE OF THE STUDY

Land Suitability aor Evaluation |5 a tool to be used in pianning process and should be feasible
In order to meet changing conditions and requirement. The rasult will assist the planners and
decsion makers in thesr selection of land use alternatives so that avallable resource may be
used most beneficially for development and “A Systematic Approach® for land suitability
pattemn shows how man uses the land and how best he can plan its future use. Information
on land use permits a better understanding of the land utilization aspects on cropping
pattern, fallow lfand, forest wastelands, surface and ground water, land capabliity, soil
characteristics et which are very vital for development planning and also for “Optimal land

use Planning” for sustained efforts and renewed economic retupns,

9.3 THE PROBLEM TO BE INVESTIGATED

The problem is 2 gap between the present situation and better management. To define a
problem we have to establish (1) the presant stuation, () judge ways in which it is bad, and
(3} identify ways in which it can be made better (Siffins, 1980). The problems investigated

are off fallowing types:

=  [Different people want to use the same land For different purposes, This become very
apparent in the rural-urban fringe surrounding an expanding city.

= Gne use of the land may have adverse affects on other people. For example, when
forest clearance causes sedimentation down-stream, or reducing the capacity of

water;
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»  The uses that individuals make of the land may be at odds with the common good.
For example when exploitative copping systems reduce future producthity and add

up to place national food securiby at risk,

= Confusion about land and water rights and obligations. Most sodeties have

traditianal customs, aften linked to raligicn or social structure that guide land use,

«  The local people should know the advantzge and adverse affect of land use plan.
They should be aware sbout losses & benefits of these plans. For example
overgrazing will create the soil erosion, bringing good agricultural fand under urban

sprawl, which is unavoldable will reduce the prime agricultural lands.

9.4 PRINCIPLES OF LAND EVALUATION

Land evaluation is defined as the process of collating and Inkberpreting basic inventories of
eoll, vegetation, dimate, and other aspects of land In order to identify and make a
compartson of promising land wse altermatives in terms appliczble to the objectives of the
evaluation, In summary a mulbdisdplinary approach 5 recormmendsd and basis to the
concept of recognition of the fact that land evaluation is meaningful only in reélation to a
clearly defined use. The frama work recommends qualitatihve and quantitative dassifications
of land for well defined land udifization bpes under unimproved and improved conditions, by
euitability orders, dasses, subdasses and units, A single state (physical and socio-economic
studies together) approach or a two stage (physical studies followed by socio-economic
studies) |5 allowed for. The frame work is intended to prindde an cutiine of principles and
terminolodgy within which local systems of land evaluation may be formulated (FAQ-1977),
Land evaluation or Land suitability for a spedfic purpose (s a tool o be used in the
planning process and should be flexible In order to mest chenging conditions and
enviecanment. The result will assist the planrer and decision makers in their selection of land
use slternatives so that avaiable resources may be used most beneficially for devedopment,

The sequence steps in kard evaluakion,
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9.4.1 PRINCIPLES OF THE LAND EVALUATION

Land sultability assessment is only meaningful with respect to spedfied kinds of use,
This prindple embodies recognition of the fact that different kinds of land use hawe
different requirements. A5 an example an allevial floodplain with iImpeded drainage
might be highly sultable for rice cultivation but not suitable for many forms of
agriculture, The concept of land suitability is only meaningful in terms of specific
kinds of land use, sach with their own requirement, like soil moisture, rooting depth
BiC, the qualities of each type of land, such as molsture availabdity or liability to
flocding | are compared with the requirement of each use, Thus the land itself and
the land use are equally fumdamental to'land suitability evaluation,

Evaluation requires a comparision of the benefits obtained and the inputs needed on
different types of land. Land In itself, without inputs, rarely If ever possesses
productive potential; even the collection of wild fruts requires labour, whilst the use
of matural wildness for nature conservation requires measures for its protection.
Sultsbility for each use is assessed by comparing the required inputs, such as labour,
fertilizers or road construction, with the goods produced or other benefits obtained,

A multigiscplinary approach s required. In particular, suitabilty evaluation ahways
incorporates economic considerations to be @ greater or esser extent. In qualitative
evaluation, economics may be employed in gensral terms only, without cakculation of
costs and returns, In @ quantitative evaluation the comparison of benafits and inputs
in economic terms plays 8 major part in the determination of sutability. It follows
that & tem carmying out an evaluation requires a range of speclalists. These will
usually indude geomorphologists, land use sall surveyors, ecologists, agronomists,
foresters, irrigation engineers, experts In livestock management, economists and
sociologist. They may nesd for combining some of these functions for practical
reasons, but the princple of multidisciplinary activity, encompassing studies of land,
land use, social aspects and economics, remains.

Evaluation is made in terms relevant to the physical economic and social contest of

the area concerned, Such factors as the regional dimate, levels of Wving of the
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population, awveilability and oost of labour, need for employment; the local or export
markets, syshems of land tenure which are sodally and politically acceptable and
availability of capital, form the context within which evaluation kes place. Tt would,
for example be unreallstic to say that land was sultable for non mechanized rice
cultivation, require large amounts of low costs labour, In @ oountry with high labour
costs. The assumptions underiing evaluabon will differ from one country to anather,
and to some extent bebween different areas of the same country. Many of these
factors are aften implicitly assumed; to aveld misunderstanding, and to assist in
comparson between different areas, such assumptions should be explicitly stated.
Suitability refers to usa on a sustained basis. The aspect of environment degradation
5 taken indd account wihen assassing suitability. There might, for example be forms
of land use which appear to be highly profitable in the short run but likely to lead to
soil erosion, progressive pasture degradation, or adverse changes in river regimes
oownstream. Such consequences would outweigh the short-term profitability, and
cause the land to be dassed as rot suitable for such purposes, The prindple by no
means requires that the environment should be preserved in completely uralbered
state, Agriculture normally Involves dearance of any natural vegetation present and
mmall_-.-' sofl fertility under arabfe cropping & hgher or lower, depending on
management, but rarely at the same level a5 under the original vegetation. What is
required 15 that for amy proposed form of land use, the probable consequences for
the environment should be assessed as accurately as possible and such assessments
taken into consideration in determining suitabiliby.

Evaluation Involves comparison of more than a single kind of use. The comparison
could be for example, between agriculture and forestry, betwesn two or more
different farming systems, or between individual crops. Often it will Include

comparing the existing uses with possible changes, either to new kinds of use or
modifications 1o the existing,
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9.5 LAND CLASSIFICATION
Land dlassification systern was evolved in response to the need for the cassification of
landscape units b3 help and sobe land wse and kend planning problems, Different
enviranments have different land problems of course and different resources to meet the
needs, Land dassfcation itself is not an end = i is @ means towards an end, The desired end
for which land classification are created is an improved physical and economic environment in
which people can ve more productive and satisfying fves,
Classification is the easier of the bwo to define, the placement of individuals tagether into
mutually excusive groups defined in terms of one or more attributes of the i'rm'n.-lﬂua!. The
attributes may be morphological (e.g. Shape, oolor, chemical composition) of functional (e.o.
productivity, suitability, erodability), For a morphological dassfication, there may be red land
and brown and, or steep land and flat land. Examplés of a fundional inkerpretation are good
land and bad land or erodable land and nonercdable land.
Land zn area of the earth's surface, the characteristics of which embrace all reasonabée
stabie or predictably oyclic, attributes of the biosphere wertically abowve and below this area
including those of the atmosphere, the soll and underlying geology, the hydrology, the plang
and animal populstion and the resudts of past and present human activity, to the extent that
these attributes exert a significant influence on present and future uses of land by man
{wageningan meating an land evaluation, 1972, Jadk (1946) reviewad land dassification as it
redates to the g-muping of lands acoording to thedr suitability for producing plants of economic
imporance.
Land therefors imwalves:

= Climate

* Geology

*  Geomorphology

¥ Spil

# Vegetation

¥ Popudation and thelr effects
Young (1974) lists the following as subjects for dassification of lands
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,

Agriculture

i, Cudtivation af a specified orop or crops, annual or perennial
il Irrigated agriculture

il Arable farming

i, Grazing, ar unimproved or improved pastures.
Forestry

I Logging of ratural forests

Il Forest plantations

Water Resources

I Grosnd water and surface water

i Resource of irrigation

Mininsg

Engineering purposes

I, Transportation purpess in general

e Building foundation

iil. Uirban usa

Radeation

Wildlifie corservation (flora and faura)

Special purpases

i Military purpase

fi. Local government administration (e.g. assessment for

taation)

Multiple purposes

To this Bst ma be sdded many far-reaching subjects such as agricultural

adjustment, investment potential and erwironmental protection.

In land classification an attempt is made to differentiate between morphological and
funchional classification, and to illustrate both.,

A. Morphology

Based on the morphological classifications main categories of land are listed.
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Table 9, 1: shows Agricultural land classification

Agricultural Land Classification Double cropped area

Irrigated crop land

Unirrigated crop lend

Types of cops
Single cropped area

Triple cropped arsa

Agriculbural Plantation

Command Araa

b.
7.

Functional land dassification

It is probably true to say that every coundry in the world has a functional land
resolrces classification, of ona field or another as a planning tool fo assess the
patentiality for agricdtural developrment.

In Indiz, broad land capability dassification based on functions has been dhvided into
B classes as given belaw

Very good cuitivabile land (o special difficuty In Farming)

Good cultivable land (Protection from erosion)

Moderately good cultiveble land (Spedial atbantion to erosion)

Fairly good land {Intensive erosion control when in culthvation)

Very well suited for grazing, not arabi

Well suited for grazing or foresis, not arable

Suited only for wild life, recreation,

9.6 LAND CAPABILITY

Land capability classification Is basically a system of asgregation of soll map unit {from detail

map) irto a group of soils showing similarities in response to management and simiarties in

. hazams Emitation or fisk in s,

Land capability dassification is an interpretative grouping of soils mainky based on:

178



= The inherent soil charactensbcs

= External land features

« Ervironmental factors that limit the use of land
Information cn the first two Items are provided by standard detailed soil survey. Scientific
survey and dassification of sails are the primary requirement for grouping soils according to
their capability for uses of varying intensity. Capability grouping is thus another aspect of soil
survey work, and is closely related to soil correlation. The: taxonomic soil units established
after field survey laboratory study and correlation are the ultimate management units which
provide spedfic information about ablity of the soll to respond to use, management and plant
growth.
The classfication soll unit provides information on the nature of parent material oolour,
bexture, strictures of the soll type of clay mineral and consistency, permeability, depth of soil,
=il reaction and also root distribution along the depth of the peofile. Each of the above

factors has a definite role to play in behaviour of the soil and its management,

» The parent material gives an idea of potential nutrients status of the soil,

% The sofl colour speaks of organic matter content and the state of bieaching and
hydrakion.

% Texture and structure of the soil influence the air water batanca in the root zone and
mavement of water,

% The types of day mineral modify the exchange capacity of the soil and the condition
of maintaining a mappireg of plant nuinents.

+  Slow permesbility of the sub surface layers such 23 claypan, fregipan indurated,
caliche Jayer etc. can influence root development., .

» Root distibuton determines the depth of soil material to layers inhibiting root
penetration.

% The soil depth control rect development and effect molshee retention and

b The coil reaction determines the state of base saturation as akso the balance of

available plant nutrisnts,
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% Besides the above inherent soil characteristics landscape features fike slope and
erpsion condition may limit the safe and productive use of sail.
9.6.1 BASIS OF LAND CAPABILITY CLASSIFICATION
Land capability classfication is based on detalled soil survey on a scale 1:50,000. The
classification consists essentialy of grouping the various soil mapping units, The soll mapping
units is defined as the “portion of the land scape that has similar characteristics and qualities
and whose limits are fixed by precise definitions” and it's the unit about which the greatest
number of precise statements and predictions can be made.
Sodl mapping unit put into a capebdity unit are sufficently wniform o
L Produce stmilar kind of culthvated crops and pasture plants with similar management
practices.
il. Require similar consenation treatment and maragement under the same kind and
condition of vegetation cover,
iii. Hence comparable potential productivity,
Use of capabiiity units condense and simplify soil mappéng wnit information for planning use
and management of individual areas of land,
9.6.2 UTILITY OF LAND CAPABILITY CLASSES
Land capability classes are used as a means of introduang the map wser to the more detallad
information on the soil map, The dasses show the location suitability of the solls for
agricuttural use, the sub dasses provide information about the kind of consenatien problems,
Both dasses used together, provide the map user with genersl Information about Bhe
limitations and problems involved for broad programme planning. The capabllity unit indicates
sofl areas that are alike enough to be suited o the same crop and pasture plants to requine
similar management,
9.6.3 LEVEL OF LAND CAPABILITY
Land capability system 5 used in Do legsls
. At the lowest level on farmers fields to help plan conservation practices and crop

robation for Individual management objectives,
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i. At the national level, the land capability classification is used to group soils to
summanies consarvation problems and needs for solution on a naticnal level,

9.6.4 LAND CAPABILITY CLASSIFICATION

" Land capability gives a direct information regarding the soil potentiaiity of different arsas.
Scientific appraisal of the physical charaderistics of the land, if inherent soll qualities etc.
gives us to delineate problematic and potential arable land responsible o the wse of bio-
chemical techniques and to various degres of farm managernent practices.
It should be stressed st this stage that land capabllity assessment is based on a broader
range of characteristics than just pure soll properties. Land capability assessment utilizes
Infarmaticn on shope angle, dimate, Nood &nd erosion risk, as well as on soll propertes, OF
course, there is a large degree of interrelation between these type of information and thus to
a very large extent sail mapping units are grouped together bo form capability wnds,
9.7 IRRIGATION
It is defined as the artifical application of water to soil to hefp crop growth and production
espedally during stress periods and the primary objective of lrrigation suitabiity land
classification |s to suppert imigation project developrment by characterzing and delineating
the [ands suitable for sustained irrigated agricuttural production under a given projedt setting.
Some impaortant land classification investigation contributions bo an irrigation project planning
study include assistance in determining: (1) proper land and water uses, (2) farm unit size,
(3} establishment of repayment assessments, (4) benefits and costs, (5) land development
needs, (6) irmigable area, (7) design of Irrigation and drainage systems, (B) appraised value of
land, (9] return flow water quality, and {10} irrigation requirements,

- 9,7.1 IMPORTANCE OF IRRIGATION
Irrigation is tha artificial application of water, with good econamic return and no damage (o
land and soil, te supplement the natural sources of water to meet the water requirement of
crops. Crops receive waker from natursl sources in form of precipitation, other atmosphere
water, ground water and flood water, Singe the amount, frequency and distribution of
precipitation which ia the peindpal source of water for crops are unpredictable may be
Insufficient and untimely and the ground water may be toa deep in the soll profie, irrigation
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becomes necessary for successiul oop growing. Irrigation should however be profitable and
applied in times of crop need and in proper amount. The excess or under imigation may
damage lands and crop. Imigation applied earier to the actual time of crop need results In
(neffective imigation and waste of water, while delayed irigation may cause water stress o
crops and reduce the yield.

Irrigation s the key input in crop producticn. Full benefit of oop production technologies
such as high yielding varieties, fertilizer use, multiple cropping, crop culture and plant
protection measures can be derivad only when adequate supply of water is assured. On the
other hand, optimum benefit from irrfgation is obtained only when other crop production
inpasts are provided and technologies appiied.

9.7.2 INFILTRATION UNDER VARIOUS IRRIGATION REGIMES

In filtration (or surface intake) refers to the rate of entry of water into the soll under the
action of gravity. It is greatest when the land is dry and takes place efther at the start of
precipitation or the earliest irigation application, The rete of infiltraticn decreases as the top
soll gets saturated, and firally gets stabilized at a partiodar rate depending on partice sizef
keture of the sedl. The infiltration rate |s 2 measure of how moch water 8 sall can soak uwp
i & given period of time. As should be expected, the more permeable a sofl, the greater its
infltration rate. Hence, clay soils are characterized by low infiltration rates and sandy soils by
high, The infiltration characteristics of @ sod are an imporant consideration in irdgation.
When irrigation is applied in excess of the inflltration rate, water may be wasted (this is often
the case where water is charged per hectare, but not on the basis of water used). Besides,

the Rowing water may catse enpson of may form puddies, from which it evaporates faster,

9.7.3 IRRIGATION METHODS

The princpal methods of irigation and thelr advantages and disachantages are described
el

{i} .Surface irrigation or gravity Irrigation, whereby water infroduced at the hesd of the
fiddd spreads and infilrates throughout the field through forces of grandty and hydrostatic

progsure. In this method, the soll 1s the medium through which waker is comeped, oisribiced
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andt infitrated, For this reason, the physical and chemical properties of the soil, arkd the way
the land has to be prepared for irmgation enter the picture prominently. This is the mosk
ancient of all irrigation technologies and |t has been estimated that this method serves
about 5% of the irrigated land worldwide. This method is mechanically simple, has low
energy requiFements (as it is based on gravity), and can “be easily adapted to small
holdinge. Its serious defidendes are iow eppication effidency, high conveyance losses and
wastage of water, which lead to adverse consequences such as wakerlogging and
salinization.

(i) Sprinkle irrlgation, whereby sprayed water falls on plants like rain. This systam docs
not depend upon' the =il surface for comeyance and distribution of water. It is hende not
necassary ko level the land (as required in the case of swrface rrigation) and conveyance
lnsses are minimal, Water can be apped at a rate less than that of the soll infitrability, This
aliows soll aeration. The disadvanteges are the high capital costs, maintenandce
requirements, and energy costs [for maintaining high pressure). Also, sprinkle irrigation 15
strongly affected by wind.

{iil) Drip Irrigation, whereby water s applied directly to the root zone through a set of
poivetindene tubes laid along the ground or buried at a depth of 15 to 30 cm. Water i
delivered drop by drop through perforations or emitters in the pipes, The trickling rate is
maintained at less than the rate of infiltrability in the sl The operating pressures are 15 o
45 psi. Under this system, it is not necessary to level the land, and it is not affected by
wind. By providing the rooting volume with the requisite amounts of water (and nutrients,
which can be added to water), the soil can be kept continuously maist and aerated. As only
a portion of the soil surface is wetted, the amount of direct evaporation is reduced. Sfghtly
brackish water {up to 1000 malr) can be used under the method for some crops which
are not too sensitive, As the water does not come into direct contact with Toliage, 1t will not
cause saline soorching. As the chosan volume of the soil is kept constantly wef, tha saits in
the brackish weter do not have a chante o concentrate amd affect the orop.
Drip irrigation can be used any whese in rugged terraing, in sandy soils  of low  malsture

storage capacity, and arid climates of high eveporative. The capital costs of a drip
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irrigation syster are high, The method needs very rigorous adherence to scheduling and

malntenance. In an effort to cope with the extreme scarcity of water, Israelis have developed

drip irrigation into @ fine art. In the context of rising cost and scardty of water, and lower
ensts of plastic tubing, this method is likely to be widely adopted.

{iv}A microprocessor-based, drip irrigation system: suitable for use in developing
countries Is now commerclally avallable, This device uses low-cost ceramic sensors and
operates on a solar cell-charged battery, The device continuously manitors the sal moisturs
and controls the drip rate 5o as to maintaln the moisture within the desired limits.

{v) Micro sprayer: Micro sprayers have seversl of the advantages of the drip systems in that
the water is applied only to & fraction of the ground surfsce, high frequency irmgation i3
possible, and ‘fertlizers can be injected, if desired. Besides, they have the following
advantages over the drip systems: (1) as micro sprayers have larger nozzie orifices, clu:;gglru;
of emitters is not & serlous problem, and it is not necessary to filter the rigation water; (i)
miro Sprayers are operated at pressures of the order of 2 atmospheres, which are mich
lawer than for the drip systems; and (i} micro sprayers can be scaled down for use in small
farms in the developing countres.

Micro spravers have the following minor dissdvantages: (|) as wetting of leaves will be
invelved, brackish water cannet be used in irigation; and (i1 since the area welted |5
larger than in drip systems, there are some evaporation losses.

{vi) Low-head, bubbler irrigation: A closed-condult Irigation system has the great
advantage in that it avoids conveyance losses and maintains uniformity in application. But
any such systern needs energy to pressurizé water for distributian. Lew-head, bubbler
Irrigation has the advantages of a piped system, bat requires naeither pumps ner nozzles.
Even the low head available from a surface ditch may be adequate. In this amangemant,
water is simply allowed to bubble out frem open, vertical standpipes, 1-3 cm, which rise
from buried |ateral irigation tubes. Bubbler systems are particularly suitable for widely
spaced crops such as frult trees and grapevines, Small droular basins can be constructed
.amuru;l the trees for the water to bubble into. Low-volume, high-frequency, partial ares

Irigation L- possible with the system, The inftial cost of the system (about USD 1600 ha™} s
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comparable or even fower than other systems. As the system works by gravily, there are no
ensrfy costs. Tt also has a longer life because it i burled. Rawiins (1977} gave a techno-
sconomic analysis of the system,

9.7.4 IRRIGATION SCHEDULING

In the course of Irrigation, water is Introduced |nto that part of the sofl profila that senves as
the root zone of a crop pant. The sofl moisture thus produced senve; 25 3 kind of bank
providing water to the roots as needed. An ideal irrigate on systam is the one wherein the
spatial and temporal distribution of water in the soil is just what the crop nesds to achieve
the highest productivity, The timing and quantity of water application are decided on the
- basis of manitoring the soil, the plant, and the microclimate.

As the days pass after rains o Irrigation, the moisture reserve In the roct zone steadily
reduces due to evaporation and root extraction. It is critically important to ensure that the
eoil molsture never goes down to the level of permanent wilting point, lest it adversely affect
plant yield. Hence it would be prudent to keep the allowable depletion midway Detween
the field capacity (PC) and the permanent wilting point (FWP). TF the field capaaty is 20%,
and the wiling point 8%, the irgator should apply water when the fleld capacity has
dropped to 14%.

9,7.5 MONITORING SOIL NEEDS INFORMATION ON THE FOLLOWING ASPECTS:
{I) Rooting depth of the crop: It may be shallow (0.3 - 0.7 m for vegetables), medium
(0.9 - 1.5 m for wheat) or deep (1.0 - 2.0 m for maize, sorghum, and sugar-cane); (i}
potential and achual water contents of the root zone, and field capacity (expressed as
fractional volurme), on the basis of determination of soil maisture content, molsture tension,
and moisture releass charactenistics of the soil. As soil moisture dimirishes, the densibometers
record increased tension. This information can be used to estimate when the plants will
suffer stress and need application of water, Because of the complexity of the varlables
Invalved, laboratory measurement of soll moisture may give misleading results. Soll molsbure
s best determined in sty with a portable neutron molsture meter. Though expensive, it has
several postive features: measurement is made 1 Sy, It @n be made conveninty and

instantty, and it gives meaningful results. Moisture tersion |5 determined with a densRometer
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{Hillel, 1987, p.37 & 38). An experienced farmer or agronomist Can Ss5ess the water status
of the crep just by direct visuml inspection of the foliage. brigation scheduling has to tee into
account the meteoralogically imposed evapatranspiraticn demand. Time-domaln refiecometry
(TDR) ks being Increasingly used to determine irrigation scheduling {Topp and Daves, 1983).
9.7.6 IRRIGATION EFFICIENCY

The Wirld Bank estimates that irigation efidency (Le., net amount of water added to the
root zone divided by the amount of water drawn from some source] is almost aways below
50% (it may be as low as 30%). It Is demonstrably possible to achieve an imigation efficiency of
BS to 909 by proper management practices, particularly conveyance systems, It Is tharefare
oost effective to spend money on improving irigation effidency rather than on constructing
new irrigation reservolrs. The efficiency of any process is usually taken as the measure of
the autput etalnable from a given input. In the case of irmigation, this could be defined in
financial, physiclogical, socological, ete. terms. Thus, imigation effidency may be conscened
the finendal retrn for a particular amount of Investment in water supply. This can vary
tremendously from year to year and from place to place. Besiges, It i not aways pmr.ii:letu:r
quantify the long-term sodological benefits of imigation, In drought-prone situations, whaere the
incidence of drought Is not predictable, even a modest contribution o food seowity arising
from assured Irrgation can have very profound consequences an the quality of fife of the
penple, The water supply effidency is estimated In terms of flow at four points: (1) A-Flow at
sgunce, (I} B-Flow at turnout, (§) C-Flow into the field, and (some water may leave the
system through subsurface fow). Project effidency deals with the relative proportion
between How at source and the amount of water applied to crops. Farm effidency deals
with the proportion of waker at the turnout to the amouent of water appled to rops. Field
efficiency deals with the propartion of water flowing into the field to the amount of water
apphed to ﬂﬂp:ﬁ.
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9.7.7 METHODOLOGY OF OPTIMAL IRRIGATION MANAGEMENT

Problems in the ¢ L ;e of Imigation arse from a fallacy in human thinking — if something is

good, more of it should be better, If 3 certain amount of irrigation raises crop productivity,

which |t suredy does, more irmigation should produce more crops. As Hilel (1987) put it

perceptively in his monogragh, “The Efficent Use of Water for Imgation”, Jusf Enougli & Hest

— ng fess and certairy no move, For too long, imgation has been thought of as simply &

water dellvery system, and this has had disastrous consequences. None would disagres

with the dictum, just enough /& best But to determing what |s encugh is an enormoushy

complicated job.

The following scenario s envisaged for opimizing an smigation system:

Detarmine the water requirements of the crop to be grown in a particular
agroclimatic setting on the basis of the Potential Evapo- transpiraticn (PET) and
emplrcal crop coefficlent (KC) data.

Withdrawal of walber from the source (river, reservoir ar aguifer) in runa with the waber
reguirements, on time-varizble and space-variable basis;

Delivery of water in bune with the rooting depth of the crop-and avaidable water
capacity of the soll;

Planning the drainage system right at the cutset as an integral part of the of the
irrigation system. This is absolutely essential in the case of river valleys prone to high
water-table conditions. Soil salinity should be monitored continuously in order to alert
the farmer about the accumulation of injurious levels of salinity in the root zone of

ihe plant.
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9.8 MATERIALS AND METHODOLOGY
2.8.1 GENERAL

Basad on the source of acquisition of data, nature of data and its use in the present study,
the data products are dassified into four types namely, topographical data, thematic data,
field data and collateral data,

9.8.2 DATA SOURCES

A heightened awareness of water resources problems has developed over the paszt soveral
decades and this has spurred a need for reliable geospatial data to enabie battar
understanding of water relatad problems and thelr impacts on enviranment, Crop vield
models have also undergone changes and these have created nEw requirements for
gecspatial data. In view of oritical role, digital data plays in any kind of spatial modeling and
analysis. Emphasis is given to new Informnation gathering initiations for ramobaly sensed datg
and to advancements in integrating data from different sources with GI5. The avafabiity of
ppropriate and adequate crop vield data, and ather related data derived from collateral data
and other field sunéey are important concerns, GIS and crop yisld meades function with a
broad spectrum of geospatial data tiat are used for spatial analysis and madeling of cop
ylelds, These data generally come in different formats and from varlous sources and
Measurements. The examination and organization of data inte a useful form produces
Information content, which is compatible to GIS and which enabies appropriate analysis and
maodeding of crop yield prediction,

In the present shudy, four different sources are used to callect the required data products.
The four sources ame remote sensing satellite systems, survey of Indka toposheots, refated
government and private agencies for exlsting dats products and fald SUVEeYs for collection of
primary data products. In transforming this raw data to data compatible to GIS, care is taken
far appropriate level of datz pridision and accuracy, The data types, important featuras and
~ Lorresponding data sources used in the present study are listed In tabie 1.
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Table 1. Data type, important features and sources of acquisition

S.No Primary Map Reference Map
1 |Base SOI-Toposheet & Satelite Data ]
2 | Drainage SOI-Toposheet 8 Satellite Data
3 | Road network S0l-Toposheet & Sataliite Data

4 Mandal reference map | SOL-Toposheets & cadastral maps

5 Village reference rmap 501-Topasheets & cadastral maps

& Land usa/Land Cover S0I-Toposheets & Satellite Data

7 Soll Mag (Type, Depth, | Soll, SOI-Toposhest & Satellite Data
Drainags, AWC, Partide

Size B Erosion)

9.9 COLLECTION OF DATA
The following types of data have been used In the presant investigation

s Satefite data

v Coflateral data
9.9.1 SATELLITE DATA
Remotely sensed data from IRS-1C/1D and IRS P6 LISS 0T data irv-the form of False colouwr
compasite (FCC) prints and computer compatible tapes (CCT*) pertaining to the study areas
are used In the study. The entine study area s covered by three scenes of IRS-1C/1D and RS
PG LISS 1T data,

Table: 2. Satellite data sets used in the study area

Year | Satellite | Sensor Date of Pass

2005 IRS PG LISSIIT | 27 Dec 2005

2006 IR PG LISSIIT | 20 Jan 2006
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The raw satolite images are presented in Fig 11, The satellite data for the all seasons ane
completely doud free and the data sefs were used for generation af spedral indices frem
individusal fields In the study area.
9.9.2 COLLATERAL DATA
Coliateral dala i.ﬂm in the study includes topographical and thematic maps of the shudy area.
The topographical maps are required for preparation of base maps. The thamatic maps of
land usefcover maps, agro-climatic zore maps, soil type maps and Irrgation maps. The
topographical maps were collected from survey of Indsa, scel type maps (from NBSSLUP) and
other maps such as land usefcover, agro dimatic maps, imgation maps { from NATMO]),
Knlkata,
9,10 GENERATION OF DATA BASE
The generation of data base needs the source information comprising spatial data and non
spatial data. The spatial data Is comprised of land use/fland cover, sod maps, The non-spatial
or attribute data Is compaosad of dimatic parameters, demograpny, cropping patherm et In
this chapter, the steps invclved in derving &l these data products, the sowrces of data
acquisition and the ways of transforming these data products sultable to GIS software are
discussed.
9,11 SPATIAL DATA FROM TOPOSHEETS
Creating a GIS spatial database & 3 complex cperation, and is heart of the entire work; iU
- invalves data capture, verification and structuring processes. Because raw geographical data
are available in many different analogue and digitsl forms such as toposheets, aerial
photographs, satelite imageries and tables, Out of all these sources, the source of topashest
is of much concern to nabwal resource scentist and an envirohmentalist. In the present
study, the thematic maps generated from toposheet are, base map, drainage map and Road
netwark map, These paper based maps are then converted te digital mode using scanning
and automated digitization process. These meps are prepared 10 a certain scale and show the
attributes of entities by different symbols or colouring. The lecation of entities on the earth's
surface |s then spedfied by means of an agreed co-oedinate system, It is mandatory that sl
spatial data n a GIS are located with respect to a frame of reference. For most GIS, the
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common: frame of reference co-ordinate system & that of plane; crthogonal Cartesian oo-
ordinates orlented conventionally north-south and east-west, This entire process is called
georeferencing. The same procedure is also applied on remote sensing data before it s used

to prepare thematic maps from satellite data.
9,12 SPATIAL DATA FROM SATELLITE DATA AND PROCESSING

The Etﬂ:ll:l‘.“il:&]:l procedure for preparing the spatial data derived from remote sensing
satellibe data for the entire shudy araa s discussed as balow:

Satellite data processing using image processing softwane

» Geoprocessing and Gearefencing
= Digital enhancement
= Generation of hard copy

» Generation of thematic maps: Land use [ land cover and soil map.

9,12.1 GEO-CODING AND GEO-REFERENCING

The following standard technigues have been adopted for gecreferencing of LISS T data
covering Hee shudy area, ERDAS image processing software has been used for this work,
1:50,000 scale toposhests are scanned and raster file for study area is created. These are
pgec-referenced basad on the longitudinal & ketitudinal co-ordinates, After geo-referencing all
the maps &re edge-matched and & digital mesalc 15 prepared which depicts the continuity of
the study area, The LISS II1 data obtained from Natlonal Remote Sensing Centre (NRSC) Is
processed for initial corrections (ke drop cuts, stripping and earth rotations etc. Sufficlent
rumbers of well distibuted ground contrdl points are selected both on the maps and
corresponding imagery. Care |5 @ken oo satisfy the condition on density of GOPs for image
registration, Georeferencing |s carried out wsing ERDAS Image processing software. The geo-
referenced image is further mosaicked and then feature matching s carried out. At the end of
this process the digital data which is free from all distortions is available for dgital image
enhancement, classification for land use/land cover map préparation with the halp of visual
lnﬁg-e analyss techniques.
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9.12.2 DIGITAL TMAGE ENHANMCEMENT OF LISS III DATA

Image enhancement deals with the individual values of the pixels in the image. The goal of
spectral enhancement i5 to make certain festures more visible in an image by bringing out
more contrast, Inital display of LISS 11 data through ERDAS software revealed that the
features like minor roads and streams are nob chearvisible as the confrast of the imageres
wery dull because of the raw data values fall within a narmow range. Therefore, an attempt is
made to apply inear contrast stretch bechnique in order to improve the contrast of the image;
which can be capable of expanding the dynamic range of radiometric resolubion of LISS 1T
digital data, To perform this technique, Look up Tabies (LUT) Is created that convert the
range of data values to the maximum range of the display device, Based on these LUT'S an
enhanced image is produced.

9.12.3 HARDCOPY GENERATION

- In order to derive spatial thematic dafa, a hardoopy of satellite mage ic generated through

the following steps:

« Acquisition of sataliite data from NRSC, Balanzgar, Hyderabad and topasheets from
Survey of India, Hyderabad,

=« Geo-coding and geo-referendng of LISS I digital date by exdracting the Ground
Contral Polnts [GCPs) from 501 toposhests and GPS Points

« Digital image enhancement and application of correéction models for making the
digital data free from errors and distortions both radiometry and geometry of the
s=tellite daka,

+ DGatallite Image in FOC mode and 5 wsed for visual inkerpretation to edract the
thematic data by applying both pre-wisual interpretatian, ground truthing and post
visual interpretation techmigues.

# A satellite hardoopy is generated for subsequent analysis
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9.12.4 GENERATION OF THEMATIC MAPS FROM SATELLITE DATA

The thematic maps namely, land useffand cover and sail are generated from satellite digital
hardeopy. The standard basic elemeants and key elements for visual interpretation are applied
an this satelite hardcopy digital Image 0 as o exiract the entropy or information @dent in
aocordance with the above thematic maps. AL the end of the interpretation process the above
thematic maps in the form of paper based maps are ready for subsequent scanning and
automated digitization and then created a digital database for GIS data analysis and

madeling.

9,125 ATTRIBUTE DATA

The attribute data in the present study consists of colisteral data, which indudes
demographic detalis, soll quality data, water quality data acquired from various Govesnment
organizations like Andhra Pradesh Pollution Control Board (APPCB), Central Ground Water
Board {CGWE), Bureau of Economics and Statistics (BES) etc.

9.12.6 DEVELOPMENT OF LAND SUITABILITY MODEL

After collection of historical data from Addankl branch canal command area and Department
of Agriculture, Govt. of Andhra Pradesh, the work plan |s prepared, The Grownd truth work
carried out on near real time basis and digital analysis is carried out after getting the digital
data. The yield estmation was carried out using sateilfte based spectral data, historical yield
data and cimatic varsbles. The development of suitabfity model is done based on land
capability dassification and sail site suitability evaluation for crops.

The methodology indudes collection of fleld/ground truth information, identification of
optimum period for satellite data sefection, selecbon of Image analysis technigues, &nd
selection of methods for crop acreage and production estimates and crop yleld prediction.
9,12.7 COLLECTION OF GROUND TRUTH

Ground truth data collection has an important bearing In most remote sensing applications
(Dozier and Strahler. 1983). Its mle indudes land capability, land irrigabiiity, fand
classification and fand identification, condition assessment and sultability prediction.
Collection of ground truth data inwolves sofl and water sample collection, gathesing

information on land-cover bypes, thelr spatial extent, and condition, gecgraphical coordinatos
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of the location. In land related applicatéons, ground truth data collection is necessarily done
synchronows or near synchronous to the time of satellite data acquisition in order to maintain
the corresponding refations between remote sensing and field observations.

9.12.8 RECONNAISSANCE SURVEY

Reconmaissance survsey is essentially a prefiminary feld survey, which is done to obtain a
general idea of study area, The feasbility of using remote sensing data, the looistics that
wauld be involved, white planning field survey for data collection, ete., are ascertained during
reconnalssance. Using inputs from the reconnalssance survey, available satelite data is
interpreted, visually/digitally in order to explore the feasbility of land discrimination, its
suitability estimation for condition assessment. Collateral data (g.g., Collection of data from
Agricultural depts., Farmer's database creation for sampling, Socic-Economic data collection)
in comjunction with satelite data can be wsad to determing the most appropriate dme for data
acquisition (both RS and field). Once feasibility of fand |dentification and period of data
acquisition are established, actual planning for ground truth data collection may be initiated
based on the study of the archived remote sensing data, potentlal ground truth sites are
suggested.

9.12.9 PREPARATION OF BASE MAP

Base rmaps for ground truth planning contain administrative boundaries (e.g. state, district,
mandal, and village), along with major features fke towns\mandal head qua:tﬂ's'aﬁli:lﬂgts.
reservoirs, lakes, highways, railways etc., which may be identifiable on satallite imagery, The
base map s prepared on tracing film/paper usugally at 1:50,000 scale, so that they can be
used for visual interpretation of the study area by superimposing the map on FCC prings of
the study area at correspanding scale. A Froforma for collecting land refated information
should also be prepared for feld data collection. A typical Proforma for ground truth data
collection is given below.
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9,12.10 PROFORMA FOR FARMERS INVOLVEMENT INDEX (FII}

Checklist for field data collaction
DATE: Sampe MO i
Mame of FArmmEr.......oocooisim
1, GENERAL INFORMATION:
s Fleld size:
+  Form farmer
a GPS measremants
s Ownership

Sofl Type (Local Name)
2. CROP CALENDAR:

s How many crops did you grow last year When
3. PLUGGING:
“When did yvou start land preparation
Hiei

Source of Power
rlumiber of Pluggmg

4. PLANTING:

When did Phanting start

How Seed rate for nursery

Fant used % Varity

Plant quality{Good average, Faor)

Age at transplanting

Cource of sead

Seed quality

Viater availabllity (Water ievel/shortage).
5. FERTILIZER APPLICATION:

- ® W O® @ @ W W

pumber of fartilizer applicstions
When How

L]

« Type
= Quantity

»  Water level (before and after).

= How long does the water drain after supplying

7. PESTICIDE APPLICATION:

When Why

Severity of damage
Marnes of pest/disease
Control method How
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8. YIELD:

When was it done

How much did they hareest
How much did they expect
Why the difference
Problems-water shortage

Input avallability
Extensian
Hiwy much was the reduction
9. FARMER SUGGESTIONS.
What are your plans ko increase yield,
Which types of support do you expert

Would you like to change the crap
To which croph, variety

10. FARMERS VIEWS ON DEPARTMENT OF AURICULAR

9.12.11 FIELD VISIT FOR GROUND TRUTH DATA COLLECTION

Grownd truth data coflection for crop related studies could include information on crop type;
parcent canopy cover, spatial extent, phenological stage, planting date, expected date of
harvest, availability of |rrigation and incidence of pests and diseases. The areas frofm where
data has been collected, need to be located accurately on satellite images hence, thelr spatial
extent and geographical coordinates need to be recorded during data collection preferably on
map tracings. The minimum mapable field size, which is the combined group of contiguous
adiacent felds of the same crop, s of more significance than the size of individual fields.
Therafore, a global positioning system (GPS) recesver can help in the acourate recording of
estent and location of a site. During data coBection far the complete enumeration approach,
it Is necessary to ascertain that the entire range of specral variabllity in the area gets
represented and the sites should be wniformily distributed. Prosimity of ground truth sites, to
unambiguously identifiable ground control points Is desirable, though not always possible.
When accuracy assessment is undertaken, wall-to-wall ground truth data collection is usually
done invelving the collaction of field-by-feld information on various land cover classes, A

cadastral map of the study area can be used for the colleckion of field-wise information,
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9.12.12 METHODS OF SOIL & WATER ANALYSIS

The methods adopted for estimation of soil properties are as follows.

PHYSICAL PROPERTIES

Particle Size Distribution

Particle size distribution of the soils was determined by hydrometer method as described by

Gee of @ (1985) Textural classes of the soll were interpreted from the textural trisgngie

diagram glven for the International System of Particle Sizes.

Bulk Density

Bulk density of soil was determined by the core method on dry wasght basis and resulls were
~exprassed ing o™ (Blake and Hartge, 1586).

Water Holding Capacity

The water retained by the soil samples at 0.33 and 15 bar tersions was determined by using

pressure plate apparatus (Klute, 1966). The moislure refained was expressad in terms af

parcentage on dry waight basls.

Saturated Hydraulic Conductivity (K.

The hydraulic conductivity (K;) of the undisturbed soll sample was measured by the constant

hesd method as per the procedure outlined by Kiute and Dirksen (1986) and resuls wera

expressad as om b,

Saoil Colour

Munsell's notation of hue, value and chroma were observed for solfs In both moist and dry

conditions (Sail Survey Staff, 1951).

PHYSICO-CHEMICAL PROPERTIES

Soil Reaction (pH)

The pH of the soil in 1125 soll water suspensions was determined by digital pH meter

{Jacksaon, 1967).

Electrical Conductivity (EC)

The electrical conductivity of the soll was measured In 1:2.5 soil water extract with the hefp

of digital conducthity meter (Jackson, 1967) and the results were expressed in d5 .
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Talde 1: pH comtent of sodls of study arca

hEx Me. of
5 Mandal e SURFACE SUB-SURFACE
Mo
FH Slightty | Normal | sMidly | Modarataly | Strongly i
acidic alkaline | alkaline alkaline
Hange Hean Mo Na. Mao. Mk Mo, Range

1 |bclapele 3 EB0-8,50 7.63 - 1 i 1 - E.B0-8.60

2 |lpum z 7.90-8.30 B0 - - i 1 : 7.B0-0,50

3 |HMekariain 3 5.70-7.92 [ATH) 1 1 1 . 554810

4 [vinukonda 2 7RI CHE] - - L ] - 1 B8BTS

5 |Saveloyepy 2 GLAC-HAD 740 i - - 1 - TR

b |Rompicherda 2 8. 35-8.48 543 - - = 2 - B.4Z-B.50

! |Narssaraopat ¥ F.0A-T 04 S - - z rTar-ram

& |Chiloialuripet ] 5.090-794 7 - 2 1 TRD-A5

5 igddanandpadd z 7EEI0 793 i I TRFEE z
1D |Kakumano 2 FEOI0 E10 i 1 7.80-5.50 -
11 |Addenk 4 B.108,75 7] - 2 3 210848 3
12 |Karimpada F] 783515 am . - 1 1 B12-847 FI
13 |IPanguiur ] TEF-E10 70 - - 1 1 B, 10835 z
14 |Dalfrmm ] EI7-E32 B3 . . . 2 - 892847 ]
15 |Santmmaguurs F] 30-8.46 FE] 7 H.55-6.61 -
16 |Mamr 4 BOL-B.A45 B35 r BoTE A2

17 |Yedderapud 2 TEIER 7.9 1 1 B.36-846

18 |Chinmi ] TEE7.74 ] - . 3 . 2 7.85-7.58 -
1§ [Vetipakem 3 AR | 74 P ) 1 TEARH 1
20 |Chinagangam 3 693754 71 - ] 1 705 1
1 |Pamchur ] BOE10 | AL . = . z . B.D6-H 22 ]
22 |Inkolk: 3 TREHE D2 7H3 = . Fl 1 = FE N 7
23 |Kararmchedu Z 7.51-7.62 757 - - ] - - Li-EDe z
24 |NEFod 3 F.20-9, 10 J12 - 1 - 1 1 .50-5.70 1




Table 2 ; BC (d=m ) content af sails of Study arca

SUREACE 51 1R 51 R EACE
3 Mandal 0. oF Low | Medum | High | Very Low | Madum High  Very high
o samples | o saline | saline | saline | high - siling | Saline saline  saline
= Rango l'-.m. HNuo, Ha. bo. N Renge Mean N Mo, N, fa.
1 |Bodapeils 3 0iE037  |635 z i 0.17081 1+ T 1 1
2 |lpuru i DIH0ES  [mad ] 1 - |OOE-D24 447 b = -
T [Nekarikal 3 006078 |05 1 [ 1 - |Oa-0EA 043 1 2
4 |Vinukonda 7 0204 |03 1 1 - - |0i40.32 ¥ 7] 1 1
5 [Saumlayapu ] 0.25000 5,29 ] - ozl 20 1 1
6 |Rompichers ] G038 |06 1 1 Q160,18 0T ] -
7 |Warasaraopet ] 11#016 |0.15 F r DL1ED2 0.6 z -
B | Chilaiiripet | 0Lix035 |00 1 L - 008024 o F] -
4 | Peddanandipady | [ET0 PR [V ] 1 Q170A) S 1 i 1
10 |Kakumanu 2 020040 |00 1 1 0360.59 148 - 1 -
Ao 1 021036 |030 1 3 D.12-2,5% 101 1 ] 1
Kareapatu ] 035034 |a ] 129052 I—ﬂm 1 1
T Panguiurs 3 036000 |063 1 1 - a0 &) - z
Baiikurav ] 0003 |her 1 1 B.AE-0.18 0.7 2 -
Santarmaguisl ] 02140 |09 1 1 R130.37 0.5 1 1
Marbu 4 050,51 |0.25 3 1 . (EFETES 0.2l 3 1 -
Yeddanapudi ) BIE137 |0z . 1 1 f20-0.45 [EE) 1 1 .
Chirala ] 095606 |35 : - ] 1 |od45658 1] = 1 1
Vetapakem 3 0145|097 1 1 1 0.00-1,18 L] 1 1 1 -
_.ﬂngwa k| 0F-145 |0sm - 1 2- 02093 ___u.mu i .
Farchur ) 020040 (030 1 1 - 0.3-050 n_.ml 2 2
Inkndly E] [k T ICT I [T F] 1 - L11-030 0,22 ] 2
Karamchedd ] DAF1%0_|L16 - i i - |a4ones .53 2
. Padu 3 02417%  [1m 1 - i - ?HI.E 035 1 - 2




Table 3 : Cation exchanga capacity and exchangeable cations {c.mol {p™) kg ) of Study area

5 Mandal | Mo, of Enl...._..-l_._- I..ﬂmn.ﬂlt._ T..Ehlﬂn Eﬁ:nn!!..: o -~
Ne. samples
Range ﬂll_____.ll__ Range Mann Ranga | Moan | Range | Mean Range Mean Ramge | Mean

1 |Bolapaiie 1 16005600 “m BO0-16,00 1200 |LO0640 |247 [078-LIE W |26.00-60.00 ¥2.00 |364-16.00  |428

7 |tpuru 2 |26,00-28.00 800 [B0C-12.00 1000 |L000A0 220 [0.06-0.58 | G477 | 18.00-26.00 I3.00 |857-1110  |9.84

T |Nekarkalu 3 |4.00-32.00 1600 |R00-24.00 500 |0.A0-R20 (173 |0.26-L78@ | L1 |7.G0-26.00 1780 |530-1230 853

4 |Winukanga 7 |60.00-62,00 ELO0  |G00-1B00  [1200  |2ATEM (580 [GBALES | L2 |G20056.00 400 |9.60-6.07 534

| Savalayapu 3 |37.20-5480 4558 | 7.20-14.50 00 [240570 |49 |0.60-194 | 095 |3i98-49.60 #1.17 (9251671 |1L.28 |
6 |Rompicheria 7 |1600-7R00 5200  |4.00-E.00 G50 LOOEM  |347 [032-170 | L0l [35.00-<6.00 RLO0 (4451500 |14
7 |Narasarsopet 4 |12007e00 W00 |ZO00-1200 (600 I00E.60  |580 |0AELE | 078 |1GO0-FL.00 3530 |1L051307 1206
B |Chilsaluripet 3 |26.00-26.H 00  |E00-1200 (1000 |520620 |67  |[GeALl78 | L4 |1600-70.00 3530 |BSIL10  |GBe
WTQEE.&E I [1a00-3E00 700 |6.00-8.00 {700 To0-L3  |160 (068072 | of (168002000 1800 |5.00-13.80 | 9.40

10 |Fasumare T |Ge00-4.00 Fos (4001400 200 3.80-3.20 |300 |0420.98 | 045 |42.0046.00 00 |G6i-695 &at

11 |Addani 4 [26.00-60.00 4800  |200-8.00 SO0 |L207.00 |485 |084178 | 14 |26.00-42.00 3400 ;WE,EE 1429
12 |Korsapadu 7 |BA00-60.00 E600  (BOpoa0Dd |40 140480 (360 |0.58-1.44 TR 4600 |545-10.00 |73

13 |1.Fangubun 7 |BRO0-70.00 §9.00  |6.006.00 &0 S807.00 |6AD |BAB-130 | D69 | 42.00-60.00 L0 |Gai1667 |50
14 [Balikurava T |9005000  |4700  [BOCIE00 (1800 [340420 180 |[043058 | 053 |26.00-36.00 Fef0 0RO (1206
15 |Santamaguin: 2 54.00-50, 1 o000 4.00-14.00 11.08 ..__..m_u.m_u._._..n 4.0 04£3-1.08 nrs  |32.00-300 .u._...m. 13,13-14.4% 13.79
16 |Martur A [1E00-78.00 5200 |4.008.00 650  |1L80340 |2B0 |0A42-130 | 075 |16,00-56.00 FL50  |4.09-2125  [920

17 |Yeddanapud 7 |6E06-7000 EGO0  |4,008.00 E.00 0066|580 130256 | 193 |S6.0064.00 G000 5351348 [9al
w18 |Clarala 7 |A000-4000 000 |10 |00 |[fAD1620 |10.30 |158-158 | 158 |SOO-ER.00 BL00 |647-2890 |68 |
19 |Vetapalom T | 4.00-38,00 1667 |200-12.00  |&00 100600 |07 |0224.36 | 033 |1GOG-7000 35.30 | (13753000 [19.32
0 |Cransgarjem 1 | G002 00 160 |4.00-1000  [7.33 To0480 |313 (036156 | 125 |20.00-36.00 T8930 |4.441500  |1L48
Il |Farchur T (TOLO7R00 (7400 |14004Z00  |ZE0B  [3ACS60 (450 (032470 | L0l |TAORTEO0 M0 |447-7.76 CAE]

35 inkotka 3 (00760 00 [E00E80 |67 [1ma480  [3E  [022113 | 05 |WOF6EN S067 101000 (B3|
3 |Feramchedu 7 |6000-ELD0 BLOO | 6.00-10.00 B,00 50620 |67  |072158 | 115 |35.00-46.00 4.00 |i083ZL78  [16E0
31 [NGFadu T 124,00-35.00 EF TS TN ] TETa (&30 (078138 | Li0 |15004600 67 |30096.20 |15




Table 4 :Organic carbon conbent (%) of solls of study area

SLRFACE

s Ml Ma. of
o, =amples I
Organie Carban Low | Medem High Organic Carbon Low HgH
[ Range Mean | MNo. Mo. No, Hange [ Mean Wo. [
I |Bodapail 3 LI7-04 [0 3 - - 0,230,389 _pw_. 3 -
T [lpuru F] 01804  |oa 2 : - [ToE 5T (VY 2
3 Wekarikaly 3 [T ) =1 i 2 - QAL 036 )
4 lvinukonds 4 a¥-a& [0 I 3 - 21047 ] 3
5 |Sevalayapu ] 0A5-112  |Ba7 i : 1 ETE 7 I (] 1
6 |Rompichara ) 030 0w ] : . [EE T . - F
7 |Marssaraopet ? 0503 | : 1 1 TLHLAt r.|_m 1
B |Chilskaluripat 2z 0105 o 1 [T XTE I [T F]
% [Peddanandipau ] 0a037 oA Z 03042 |o33 z
10 |Kakumane F] D031 5] 2 121028 o= z
11 |Adderid 5 noe0E iTE i i 1 [Tk R 4
12 |Kormapady F] D340E  |oA7 1 1 - PETE R e 2z
12 [RFanguiun ] TR [ 1 1 = 035078 057 1
11 |EGalkuana ] DIE0A3 |03 2 andi® |03 E
15 |Saniamaguimy ] (5 E R i 1 . 025045 |ofs ]
T 1 015057 |aa7 2 F] B OUFG2E 0B A
17 |Yoikdngaa Fl DIGHLGE o 1 1 007042 035 ]
18 |(hirala 2 054054 K] 1 fza-0E [T 1
19 [Velmpdem 3 AT iz 3 eI [T 3
0 |chinagangm 3 DARLE  |0ad ] ] - 00 oz 3
21 |Perchir 2 0414,59 [0 I 1 04107 |oe L
2z |Inkoli 3 LAGaEr  |oes 7 1 123048 oM 1
3 |Haramdredy AL CVE Il (5 _ i - 045056  |an 1
4 [nGredu 3 L1603  [0.76 3 0208 |o= 2




Tahie 5; Mechanical composition of soifs of Study aros

& Mandsl Mo, of samples i .- % Ciny Tesurad
Mo Range | Man Hange Maan Range M | s
1 Bollanale 3 AIFELM | w5 70 2270 IEG0-3L60 a0 | Sl
2 Tpuni i 220664 | B T 707100 1210 BAG-1040 &1 L5
3 Bckaricail 3 13409530 4,50 1I%210 25 2.17-1.45 2B g
A Vinukanda 3 SOO0GLH | GBIT 13.40-18.80 1615 ZA603108 e | @
5 Savalayam ] ElEELE | 5654 1LAFI7AD 1440 2503060 /IS | S
B Rempichara A AL A 545 ALE0-63.54 Y] 13302160 74 | =5
7 Marasaracnat 2 12.30-57.10 43.27 LR a4 5. 125,50 1575 L
] Chilzkaluripet 3 SI025A0 | 1505 9509690 ) S1L304840 Bi40 | Ol
8 |Peddanandipau 2 BAFHA | wH 122030 1825 EEETS T ®EHE | a1 |
10 Kakuman ] AW | a5 25107540 530 WADEED [E | @
[ Acdari A MOI045E0 | B0 15, 70-24.70 FFI] HEDFH0 =5 | a
2 [ 3 EMFET0 || I 15 ACE3AD 1340 56 4320 | L
] 1Pargulury 2 Fa0ase | W Z5.20-27.60 2640 9. 70-35.50 ET 3
13 Balicurava ] SiTeGI0F | 56T 121780 LAV 7302980 A5 | &
15 SanEmaguin ] SLAHGAD | 604D | G000 153 | 20020 M5 | sl
i6 Marr 4 WEALIEt | BIW 9.7 19.70 1585 ET ) L] =
17 Yoddanamd 2 BANHE | GH 25102540 2525 503640 na | a
18 Chirsla 2 EBI0-ES2 | eRES 430430 PRy 7.56-B.72 W4 3
19 Vetaukon 3 QAT | w0 am | i&r 102,50 246 3
= Chinacaniam 3 ALA0Ga54 | a0 A7 A0 2026 32.30-300 /A0 | &L
1 Parttar 2 BERLED || A5ED 10.10-25.00 1755 AATA7. 20 B |
n Irkah 3 SIS0 | M | a0 1867 T T 6N | 4
A Knmmchedy 2 605660 | GO0 AL 745 0004200 BN | 4
FT NEG.Patki 3 WAELE | 4750 11802020 T 37.20-10.30 [w | =




Table 6 : Avsilable Nitrogen content {Kg ha-") of soils of study area

. il Ne. of BURFACE SUB-SURFACL
Mo samples METOgGEN Lwatr Mitrogen L

Ranige Mean Ha, Yo Range Hizn [, [ =
1 |Bolapaie 3 JE T ) 152 | 3 o0 1172 157 3 100
] Tpuru 7 AL 12 z 100 131156 143 3 100G
3 Mekarilki 3 [FINEe] 174 3 100 i) 164 3 100
4 Vrukonda 4 15211 s 5 100 1B 168 5 100
5 Savalayani 3 1R i 4 00 | o 159 3 100
[ Rompicharia 2 27-247 227 5 100 e 152 [ 100
7 Narazaraopet 3 137-M7 1EF z 1040 la5-168 177 F 100
[} Chiakaluripet 2 15655 195 | 2 100 N5 | 142 ;] L
E Fecdanandipou 2 156 178 167 ] 100 TxE 7] 167 i 160

10 Kakrmani ] 151-220 00 2 00 | igaw 1% z |
11 Adidanki = 1225 168 n 160 FIEE] 165 F; 100
12 Korsagacu 2 & 152 z 100 144150 [TH ] i3]
13 1 Pangum F P 228 F] 10a 16532 183 2 100
14 Falicravs F 156200 ¥ ] 100 15 178 ] 100
15 Saramaguleu 2 136 200 2 ] 1810 158 ] )
16 Marwr a 152 151 4 it 166-206 185 3 1m
[ 17 |Yeddmepud ] TTRT] 184 z 100 166168 | 177 2 100
18 Chimk ;] 06147 226 ] ) Ll 213 ] 1
18 Vetaper 3 137297 187 3 o0 XTI FT 3 ]
H |Chreganam 3 a1 1 | 3 100 118 145 3 100
b 1) Farthr ) 1hai 158 2 1 150219 185 7 1
p7] il 3 16 150 3 5] 175 158 3 i
73 Karmrnchod 2 T 227 F] 10 TR ] 208 z m
24 NG Padu E] Hr-166 134 3 100 CTNES) 15 3 100
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9.14 S0ILS

There are nine types of soils existing in study area, Out of these nine soil types the
problematic soils are sandy soils of Chirala, Vetapalem and Kothapatnam, Dedtoic
irareous  black soils of Parchur, - Yeddanapudi, Martur, Inkollu, Jl.Pangulury,
Korisapadu, M.G.Padu, Ongole and Kothapatmam, Saline sodic soils of Chirala,
Vetapalem, Chinaganjam, Ongole and Kothapatmam and Swamp and marshy solls of
¥Kothapatnam and Chinaganjam mandals respectively, soil types are represented in Table

25,

9.15 FARMING SITUATION IN ONGOLE DIVISION

In entire Guntur and Prakasam district, there exist eight types of farming sibwations.
In Ongole division seven types of farming situations exist, Out of elght farming situations
the F53 was absent in Ongole division Le., Heawy soils-Irmigated-Tank fied farming sibeaton.
F51 was existing in almast all the mandals of Ongole division ie., Heavy snils-irrigated-
canal type, and it occupies sround 60 percent of the total, FS2 was seen in Chimakurthy,
Maddipadu, 5.N.Padu, Addankl, J.Fangulury and Karamchedu mandals Le,,

Light =oils-irrigated-Canal typa and it occupies around 2 percent of the total. F54 was found
in N.G.Pady, Chirzla, Vetapalem and Chinaganjam mandals 1.e., Light soils-irrigated-Tank
fedfwells and Bore wells and it occupies 1 per cent of the total farming situations area. F55
was seen In N.G.Padu, Chirala, Vetapalem and Chinnaganjam mandals |.e., Sandy sofs-Lift
irrigation on KWD canal and it occupies about 6 percent of the total area. FS6 was seen in
Kothapatnam, M.G.Padu, Chirala, Vetapalem and Chinaganjam mandals |.e., Coastal sands-
irrigated-Filter paints/Donovy system and it ccouples around 4 percent. FS7 was found In
all mandals except Maddipadu, J.Panguiuru, Chirala, Vetapalem and Chinaganjam mandals
I.&., Heavy solls-Rainfed situation and it occupies around 25 percent. F58 was seen
only In Chimakurthy mandal i.e., Light solls-Rainfed sibmtion and & occuples around 0.5

prcent, Farming situation are represented in Table 26,
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Table 26: Farming situation in study area

.

Sho. Farming Situation Mandals
FS1  |Heavy solls - Irigated -Canal Ongole, Tangutur, Kothapatnam, N.G.Padu,
Chimakurthy, Maddipadu, 5.MN.Padu, Addankl,
Korisapadu, J.Panguiuny, Ballikurava, Santarmaguury,
Martur, Yeddanapud|, Chirala, Vetapalam,
Chinagangam, Parcher, Inkalu
and Karamchedu.
F52 |Light soils - Irrigated - Chimalurthy, Maddipadu, 5.8 Padu,
Canal Addanki, J.Pangulure and Karamchadu,
FS3  [Heavy sods - Irrigated - MIL
Tankfed
F54  |Light soils - Irfigated - Chimalaathy, Santzmaguiuru
Tankled Wells and Bore Wells
F55  [Sandy soils - Lift Imigation on | N.G.Padu, Chirala, Vetzpalem and Chiraganjam.
FWD Canal
F56 |Coastal sands - Irrigated -Filtler  |Kothapatnam, N.G.Pady, Chiralz, Chinaganjam and
Points/ Doy system Velapaher
FS7  |Heavy solls - Rairfecd Ongole, Tangulur, Kethapatnam, N.G_Padu,
Chimakurtty, 5.N_Padu, Addanki, Korisapadu,
Ballikurava, Santamaguiury, Martur, Yeddanapud,
Darrhwsr dnkoll s and & bl
FSB  |Lght sails - Rairfed Chimakuriey




9,16 CONSTRAINTS FOR SOIL AND WATER QUALITY IN ONGOLE DIVISION

Based on the rating charts as mentloned In tables 3 to & and also based on the physical,
chemical and physico-chemical properties of soil and waters the constraints for soll and
water quality are presentad in the Table 27,

9.17 EXISTING AND SUGGESTED CROP PLAN IN MANDALS OF ONGOLE
DIVISION

By taking the constraints for soil and water guality in Ongole division and also by
considering the existing crops in these mandals an glternate crop plan was suggested,

The existing and suggested crops were presented in Table 28,

1



Table 27 : Constraints for soil and water quality in the study area

g
[+ 8 MANDAL S0IL WATER
o EE:IIapaII& -alkaling ' Eﬁ@'mir saling wates
=low avallable -Na™ and CI" were dominant
nitrogen -MDy -N content was
-low organic carbon moderately safe for irmgation
~zinc deficiency
Tpuru -rmodierately alkaline -marginally saline water
-l arganic carbaon -based on RSC these water
-low available are marginally alkali
mirospen
-medium K and P
-Iron defidency
-zinc defidency
Nekarikallu <medium saline -EC of ground water is 2.08
-mediuim onjanic i3 me' (67 per cent of waters
carbon are margénally saline)
-sarddy soils
“low available N
-Zinc deficency
M.G.Padu “moderataly alkaline -EC of ground water |5 4.39
-high saline dS me"{ 30 per cent of
- DFGANIE carban samples ara salina)
o avaliable N -vesy high RSC (3,57 me 1)
-zinc defidency =F and NO5-N were
moderately safe for Imigaton
Vinukonda E-mill:Hl.r alkaling - F content was moderately
-mediujm saline ‘safe for Frigation
-adium organic
Carbon, deficiency
<low avallable N
-iron and zinc




6. Savalayapu -moderately alkaline -EC of ground water is 2.67
-low erganic carbon d5 me! (45 per cent of
lowi available M |samples are marginally
-zine deficlency safing)
-MOE-N was moderately safe
for Irrigation
T Marasaraopet -moderately allkaline - NO3-N was moderately safe
-low organic carbon for irrigation
-strongly calcaranus
<l avaliable N
«7inc defidency
8 |Addanki -moderately alkaline -EC of ground water was 3.15
-medium saline dS m*'{30 per cent of
-low organic carbon samples are marainally
low available N saline)
-iron and Hne - NO3-N was mederately safe
\deficiency for irigation
O, |Korsapadu -mildty alkatine -RSC was 4,59 me (56 per
~medium salire cent of samples were high
=|ow anganic carbon allall waters)
-fowy available N -M03-N was moderately safe
-medium in jron and for imigation
zinc status
10, |3.Panguluru -moderately alkaling - NO3-N was moderately safe
-medium saling for irrigation
-low available N
-strangly calareous
11. |Ballikurava -moderately alkafine -EC of ground water is 2.44
Zlow ceganiic carbon 'd5 m™ (28 per cent of
-low avallable W sampkes arg msnginally
L -medium in K saling)

Contd...



12,  |[Santamaguluru -‘moderately alkaline |~EC of ground water is 2,36
|-strengly calcarsous dS m™ (35 per cent of
-low available N samples are marginally
-ginc deficient Saline)
113, [Marr ~moderately alkaline -NCx-M ranges between 5-30
-low arganic carbon mg I and it is moderately
-low avallable M safe for irrigation
-zinc deficient
14. |Yeddanapudi -moderately alkaline - NO3-N was moderately safe
-medium saline fior Irrigation”
-low crganic carbon
-k available N
-tine deficient
15. |Chirala -miichy alkaline -EC of ground water was 2.22
I -high safine dS m" (70 percent of
-lpamy sands samples are marginally
-low available N salire)
-zinC defickent
16. |Vetapalermn --rne:timn saline -EC of ground water was 3.24
-gandy soils dS m™ (5% per cent of
-low organic carbon samples are marginally
oW available N saline)
!=low Potassium
17.  |Chinmganjam -High saline -EC of ground water was 3.96
-medium organic d5m" (40 per cent of
carbon isamples are marginally saline
Siowe available N and 10 per cent are salinga)
-Zine deficient - NOv-N ranges between 5-30
img " and il Is moderztely
safe for irrigation

Contd...




18,

Parchir

-moderately alkaline

-EC of ground water was 2.43

-medium saline dSm" (42 per cent of

-strongly calcarecls sampies are marginaly
=glay loanmy soils saling)
-law available N - NO3-N was moderately =afe
-ingn deficient far Irrigation

19, | Inkolb -mildiy akaline -EC of ground waker was 2.43
-strongly calcareous ds m™ (60 per cent of
-§ow organic carbon samples are margirally
- | anailable M saline}
-iron and zinc
deficient

20. | Karamchedu -mikdly alkakine -EC of ground water was 2.38
~medium saline o5 rrf* {16 per cont of
-low organic carbon samples are marginally saline
-low avallable N and saling respactively)

21 |Chilakaluripet -moderately alkaline - NO3-N was moderately sfe
=low organic carbon far irrigation
-strongly calcareous
-|low available N
-zinc defidency

22  |Peddanandipadu -mildy allalng -RSC was 4.89 me I"'{56 per
-miedium saine cant of samples wera high
-low organic carbon alkall waters)
-tow avalizble N -NO3-N was moderately safe
-ecEum in iron and for irrigaticn

Tinc status

Contd...




23 |Kakumanu -mildly alkaline -EC of ground water was 2,43
-strongly calcaneous ds m"1 (60 per cent of
-low organic carbon | samples are marginally
“ow avallable N saline)
-iron and Zinc
deficient
24 |Romplcherla -moderately alkakine - NO3-N was moderately safe
-hiadium saline for irrigation
-lowy available N
strongly calcaneals




Table 28: Suggested crop plan taking care of the constraints for soil

and water quaﬁi_:y_ _
's | MaNDAL EXISTING CROPS |  SUGGESTED CROPS
Mo,
1. |Bollapalle Rice, Black gram, Tobaooo Cotton, Finger millet, Maize,
and Cariander Groundnut, Pomegranate,
Guava, Berand Casuning
CLw IR aTIEE Sav)
2. |Ipury Rice, Jowsr, Chillles and Maize, Cotton, Pear milket,
Tobacoo Sesame, Tomats and
Walermelon
3. |Nekarikally Rice, Chillies, Vegetables, Sorghum, Malze, Pearimilet,
Groundnut and Tobacoo Castor, Tomate and Sunflower
4, |[N.GPadu  |Rice, Ragi, Tobaces, Maize, Jowar, Cotton,
Corlander and Chick pea Sunflower, Chillies, Tarminsiz
arftina (Arjun) and Acos
| swclice (Desi kikar)
5. |Vinukonda ‘Rice, Maize, Red gram, aroundnut, Cotton, Sunfower,
| Chillies and Tobacco Acacia famesiana (Pjss babodl) |
and Prasanis i (Pahart)
B, |Rompichera Rice, Viegetbles, Malre, Jowas, Cottan,
Tohacco, Coriander and | Groundnut, Castor and Mustard
Chillies |
7. [MNarasaraopet Rice, Vegetables, Castaor, Cotton, Maize, Jowar and
Tobacco and Coriander Groundnut
B. [Addankl Rice, Maize, Red gram Sorghum, Castor, Chilliss,
and Tobacco Guava, Pomegranate and Cottan
9. |Korsapadu Rice, Jowar, Chiilies, Sorghum, Castor, Pomegranate
Vegetables and Tobaco Finger miliet, Pigeon pea and
Pongarmia pnnala (Papri)

Contd...



10.  |).Panguiuns Rice, Chillles, Vegetzbles, Sorghum, Castor, Pomegranate,

Tobacoo and Bengal gram Groundnut and  Terminala
arinalAr|un)

11, |Ballurava Rioe, Black gram, Tobacoo Maize, Jowar, Cotton, Pear
and Bengal gram millet and Castor

14, |Santamaguluru Rice, Black gram, Tobacoo Cotton, Maize, Groundnut,
and Cotton Pigeon pea, Tomato and

Chiillies

13, |Marhs Rice, Jowar, Chillies, Cotton, Groundnut, Maize and
Tobaooo and Pigeon pea Acacia miofica (Desi kikar)

14,  |Yeddanapud Rice, Chillies, Tobacoo Jowar, Groundnut, Be*hagal gram
and Cotton and Fodder

15. |Chirala Rice, Maize, Black gram, Tobaceo, Cotton, Coconut and
I
| Wegetables and Groundnut Sarghum

16. |Vetapalam Rice, Ragi, Jowar and Pearimillat, Serghum, Castor,
Groundrut Cotton, Berand Vegetables

17, 1ﬂ1lnaganjam Rice, Ragi, Biack gram Tobacea, Tamarix articulate
and Chillles {Pharansh} and Acacla

farmesiana (Pissi babool)

18, |Parchur Rice, Chillies, Cottan, Maize, Jowar and Groundnut
Tebacoo and Vegetables

19, (Inkoliu Rice, Maire, Chillies, Sorghum, Groundnut, Caster,
Vegetables, Fodder and Sunhemp and Pongamia
‘Tabacco pinnata { Papri)

Contd...




Z0.

|Peddanandipadu

Rice, Ragi, Black gram

Tobacoo, Tamarly articulate

and Chillies (Pharansh) and Acacia
farmesiana (Pissi babool)

21, |Savalayapu Rice, Chillies, Cotton, Maize, Jowar and Groundnut
Tobacoo and Vegetables

27. |Kakumanu {Rice, Maize, Chillies, Sorghum, Groundnut, Castor,
Vegetables, Fodder and Sunhemp and Pongarnia
Tobacoa pinnata (Papri}

23, |Karamchadu Rice, Maize, Black gram | Sorghum, Castor, Sunflower,
and Chillies Tobacco and Cotton

24, |Chilakaluripet Rice, Chillies, Tobaooo Jowar, Groundrut, Be*hgal gram

| and Cottan arnd Foddar




9.18 RESULTS AND DISCUSSIONS

The results obtained from the present investigation entitled “Assessment of soi and waler
quality in Addanki branch canal of Nagarjunasagar command &rea, Andhra Pradesh,” heve
been discussed under the fallowing headings and sub-headings.

Physical, chemical and physico-chemical chasacteristics of the soil samples. Quality of ground
waters of Ongoie division Comrelation between soll parameters and water parameters,

9,19 PHYSICAL, CHEMICAL AND PHYSICO-CHEMICAL CHARACTERISTICS OF THE
SOIL SAMPLES

9.19.1 SOIL REACTION [PH)

Out of 75 surface soils tested, about fourteen percent of samples were normal, Bhirty percent
of samples were mildly alkafineg and fourfy six percent semples were moderately alkaling in
their soll reaction as per the prescribed ratings (Arenymous, 1984), On the whale, the sois of
Magarjunasagar command area are modarately alkaline (mean 8.43) in sail reaction, Mildly or
maderately alkaline sofl reaction could be maintained despite the heavy use of acd producing
nitrogenous fertlizers partioularly weea, because of presence of free caloum carbonate in
these soils which could be neutralizing,

9.19.2 ELECTRICAI CONDUCTIVITY (DSM"1}

Electrical conductivity of surface sails ranged from 0.26 to 1.02 dS#T1 with 3 mean value of
0.64 dSm"L. All the soil samples tested were nommal in their soluble salt content Le., < 2
dSm™1

9,19.3 ORGANIC CARBON {%)

Organic carbon content of the surface soil samples ranged from 0.25 e 0,62 percent with a
mean value of 0.44 percent. For sub-surface solls the organic carbon ranges from 0.21 o
0,47 percent with @ mean of 0.34 per cent.

9.19.4 CALCIUM CARBONATE (%)

In surface sods the qldum carbonate content ranges from 4.9 to B.9 percent with a mean of
6,53 percent. In sub-surface soils the calcium carbonate content ranges from 5.3 to 8.83 with

a mean of 6564 percent, sub-surface soils were more cakarecus than surface soils, 52

205



percent of surface and 556 percent of sub-surface soils were strongly calcareous and 48
percent of surface, 44 percent of sub-surface soils were weakly calcareous.

9.19.5 CATION EXCHANGE CAPACITY AND EXCHANGEABLE CATIONS

The cation exchange capacity of o@is under study ranged from 3198 to 49,6 with a mean
velue af 41717 c mal (p+) kg"l soil. The highest value of catfon exchange capadty was
recorded in the soils of Parchur mandal (mean 74 c mal {p+) kg"1 sofl), while the legst value
of the same was observed In sols of Kothapatnam mandal (mean 17.9 ¢ maol (p+) kg™1 sail).
High CEC of soils of Ongole division might be due to the montmonflonite type of days, which
are having high cation exchange capacity,

9.19.6 MECHANICAL COMPOSITION

Thvee percent sand, silt and clay content vaned from 50.9 - 62.34, 13.4-19.8 and 24.6-31.09
respectively. They came under the textural dasses loamy sand, sandy clay Ioam, sandy and
clay boam.

9.19.7 MACRONUTRIENTS-AVAILABLE NITROGEN

Available nitrogen content of surface soils anged from 158 to 211 kg ha1 with 2 mean value
of 184 kg ha®1 and for sub-surface soils it ranged from 145 to 189 kg ha™1 with 3 mean value
of 168 kg ha“1.

9.19.8 AVAILABLE PHOSPHORUS

On the whole BO% of surface and 66% of sub-surface sails are high in available phosphorus
and 20% of surface and 34% of sub-surface solls were medium In avallable phosphons
content as per the ratings proposed by Mubr et al, (1965). Medium and high availabls
phosphorus content could be ascribed to heavy application of phosphatic fertilizers and
arganic matter, which favoured the solubliisation of fixed phosphorus releasing mors quantity
to the avallable podt,

9.19.9 AVAILABLE POTASSIUM

seventy two percent of surface and sidy per cent of sub-surface solls under study recorded
high potassium status, 20% surface and 26% subsurface soils recorded medium potassium
status, while remaining 8% of suface and 14% of cubsurface solls recorded low potassium
stalus as per the ratings suggested by Mufr et al. {1965). The high avallable potassium in

206



these soils could be due to greater potassium retention on the exchange complex by the high
LEC clays on erganic colloids. The higher potassium content of Ioamy ar dayey solls might be
aitributed to the presence of potassium bearing minerals in heavy textured snils,

The kow and medium avaiable potassum content was dus to light coarse testure (sandy,
loamy sand and sandy loam) of thesa soils, which can retain less potassiom In ederna
paosition and also because of low CEC,

9.19.10 SECONDARY NUTRIENTS

All the soil samples tested comes under the category of above critical limit range with respect
to calcium, magnesium, Sulphur,

9.19.11 MICRONUTRIENTS-AVAILABLE IRON

Sty four percent of suface and sub-surface samples were above critical limit, while
remaining thirty six percent of both the samples were below critical imit.

9.19.1 2 AVAILABLE ZINC

Bghty two percert of surface and ninety sx percent of sub-suface samples were below
critical limit while remaining 18% of surface and 4% of sub-surface were above critical imge
The low available zine content in these soils might be due to the fact that the farmers do not
apply zing a5 a fertibzer,

9.19.1 3 AVAILABLE COPPER

Hundred per cent of bath the surface and sub-surface samples are above critical Umit.,

9,20 QUALITY OF GROUND WATER OF ADDANKI ERANCH CANAL

i.-zﬂ.i ELECTRICAL CONDUCTIVITY (DSM"1)

The electrical conductvity of all the water s|mples ranged from 1.02 to 7.06 dSafl with @
mean value of 3.42 dSm"L. Highest value of EC was found in case af Chinaganjam maraal
(mean 3.96 dSm®) waters because of the dominance of sodium lons, while lowest EC was
found In Chimakurthy mandal (mean 1.39 d5m'"1) waters,

Arcund 25.6 percent of ground water samples of this division have the EC<L5 dS m™1 and
an be used without any possible risk of sail salinization, Further 46 percent of water samples
have EC between 1.5-3.0 dS m™1 and thus can be rated as marginal with regard to their

suitability for imigation and 19,6 percent of waters have EC betwesn 3.0-5.0 d5 m"L and 8.8
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percent of water have EG between 5-10 d5 m"1 and are usually considersd unfit for
irrigation.

9,20.2 WATER REACTION (PH)

The pH of all the water samples ranged from 7.28 to 8.40 with a mean valua of 7.83. The
highest mean valse was found in Balfkurava (8.45) and the lowest mean value in
Chinaganjam (7.31). According to dassification of water based on pH, 65.6 per cent of
eamples were categerized under alkaline range having pH=7.5 and 34.4 per cent of samples
under neutral range having pH between 6.5-7.5.

9.20.3 SODIUM ABSORPTION RATIO (SAR)

The overail SAR of water samples ranged from 2.16 to 10,91 with a mean value of 5.83, The
highest SAR was found In N.G.Padu mandal {mean 9.57) and lowest was in Chirnakurthy
mandai (mean 3.71) waters. The main reason for high SAR in ground waters s their sodium
dominating characier. On an average 52 per cent of samples were under 51 dass [SAR=10],
7.6 per cent samples under 52 class (SAR10-18) and anly 0.4 percent of samples were under
53 class (SAR1B-16) respectively,

9,20.4 RESIDUAL SODIUM CARBONATE (RSC)

The range of RSC for all the waters of Ongole division are from nil o 8.17 me T°1 with a
mean viaue of 1.39 me I"L. The highest RSC value was found in Balllkurava mandal (mean
12,2 me I"1) waters. In higher salinity range the sodium is assodated mainky with chloride
and sulphate, where as in low to medium salinilty waters it ls associabed with carbonates and
bicarbonates, This causes problem of high RSC In these waters. However, imigation with this
wiater for a long time keads to slight to moderate sodicty in soil.

9,20.5 CLASSIFICATION OF GROUND WATERS

On an average out of 250 samples, 87 samples were good For irgation {34.8%%), 50 samples
were marginglly saline (36%), 33 semples were saling (13.2%), 2 samples were high SAR
safine {0.80%:), 7 samples were marginally alkali (2.80%), 12 samples [4.8%) were alkali and
19 samples (7.6%) were high alkall waters, These are rated as per the guide lines given by
the &ll India Co-cedinated Research Project on use of saline water in agriculture, Biennial

report (2002-2004).
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6,20.6 DIFFERENT CATIONIC COMPOSITIONS

Among the cations the dominant cation was spdium. The highest Na+ content was found in
.G, Padu mandal {25.1 me "1 mean) and lowest in Chimakurthy mandal (mean 6.83 me I'1)
watars, The arder of the cations in the Ongole division with descending order are ka+ =
Ca2+ = Mg+ = K+.

9.20,7 DIFFERENT ANIONIC COMPOSITIONS

Amang the amsans the dominant anion was chiaride with highest mean value of 31.42 me I"1
in N.G.Padu mandal and lowest in Chimakurthy(mean 7.83 me I"1) mandal waters. The
dominance arder of anions in the ground water of Ongole division zre as follows CI° = HCo3"
= S0= = C03=,

9.20.8 FLUORIDES

The overall range of F in ground water of study area ranges from (.39 to 1,58 mg I"1 with a
maan value of 0.89 mg I"1. The highest F was found in Chimakurthy mandal {mean "1.38 mg
"1} and lowest was in Karamchedu fmean 0.36 mg I"1) mandal waters. The data from table
29 ghow that 70 percent of samples were safe in fluonde content i.e,, <lmg I and 30 percent
of samples ranges betwaen 1-5 mg I'1 and these are moderately safe for irmgation.

9.20.9 NITRATES

Nitrate 5 a beneficial slament which may be considered important in Imigation water
although for drinking purpose It is considered as a pollutant above specified limit of 10 mg
11. From irrigation poink of view the effect of nitrate ion has been found more spectacular
than all the other nuirients because irigated soils are generally defict in nitrogen . The
ritrate-nifrogen range of these water samgles ranged from 2.34 to 10.25 mg I'1 with 2 mean
value of 7.19 mg 1*1, The highest and lowest values of means wWers found in Ongole {mean
9.95 myg I"1) and Karamchedu (mean 3.03 mg 1"1) mandais respectively, The data from table
29 chow that B0.8 per cent of water samples shows that the nitrate-nitregen ranges bebween
5-30 mg I'1 and 19.2 per cent of samples shows <5 mg I°1, On an average the nitrate-

nitrogen levels of these waters are moderabsly sate in nitrate-nitrogen content.
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9.20.10 MICRONUTRIENTS

The mean values of the four micronutrents were 0,08,0.042, 0.03 and 0.011 ppm for ron,
manganese, zinc and copper respectivedy i study anea.

9.20.11 TOMNIC RATIOS

Ground waters are classified as good quality water and presence of seawater basad on
the jonic ratios mentionad in table 5. Based on the Ca/Mg ratio 91.2 percent of samples were
having traces of seawater and remaining B.8 percent were good quality water. Based on
CafNa ratio 61.2 percent of samples ware having seawater infrusion and remaining 38.8
percent are good quality water. It is clearly observed that most of the ground water (s
affected by the intrusion of seawater based on the ionic ratios.

9.20.1 2 CORRELATION STUDIES

Correlation with In soll parameters, the EC of soil had a significant and pesitive comelation
with exchangeable magnesium, avaliable suphur, availabie Iron and avaliable copper. Soil
avallable iron had a sgnificant and positive comelation with availabie phospharus (r=0.4421),
avallable zinc (r=0.3646) and It had a significant and negative correlation with exchangeable
calcium (r=-0.6271) and caldum carbonate (r=-0.4757).

9.20.1 3 CORRELATION WITH IN WATER PARAMETERS

Water pH had & positive and significant correlation with RSC (r=0,4548) of waters. EC had &
positive and non-significant correlation with SAR (r=0.2581), RSC of water had a positive and
non-significant correlation with SAR (r=0.1931). pH had a significant comrefation with SAR
(r=0.1931). Fluorides of water exhibited a positive and non-significant comelation with RSC
(r=0.2248) of water. AR had a positive and non-significant cormelatian withEC(r=0_2581),
Soil pH had a3 positive and non-sgnificant correlation with RSC (r=0.3035), Fig.18. it
had a regative and non-significant correlation with SAR (r=-0.1549) and EC of water (-
=0,3254)
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9,21 OVERALL SOIL FERTILITY STATUS AND GROUND WATER QUALITY

The overall fertlity status of solis of Ongole division and the overall quality of ground waters

of nagarjunasagar command area are presented in table below, On an average Mitrogen and

Zinc are low while Phosphorus, Potassium, Secondary nutrients, Iran, Manganese and Copper

were medium to high.

Muast of the wabers comes under marginalily saling,

a) Macro nutrients Mandals
(MPK)
LLHH Ongcle, Kothapatnam, N.G.Padu, Addanii, J.Panguluns, Santamagulury,
LMH Tangutur, Chimakurthy, Maddipadu and Korisapadu
LM 5., Padu
LHM Balilkurana
LHL Vetapalem
b} Secondary nutrients {Ca, Mg and 5)
hil above critical limit Dngole, Kothapatnam, M.G.Padu, Addanki, 1Pangulury, Santamaguiuru,
Martur, Yeddanapudi, Chirala, Chinaganiam, Parchur, Inkolly, Karamchedi,
Tomnt e Shienlodle: Bloddinncd Mesnnmedi © B Bodie Dalilassoas o)
€} Micro nutrients

Avallable Tron: Medium

!:a‘rgul:l.:r, Chimakurthy, S.M.Padu, Addanki, Balilurava, Yeddanapudi and

Adequate

Ongole

High

Kothapatnam, N.G.Padu, Maddipadu, Korsapady, J1.Pangulumn,

Santamanulury, Marur, Chirsia, Vetapalem, Chinaganiam, Inkokly and

Available Manganesa: High

Ongole, Kothapatnam, M.G.Padu, Addanki, J.Pangulur, Santarmagulurny,
Martur, Yeddanapudi, Chiraia, Chinaganjam, Parchur,  Inkolu,

Available Copper: High

Ongole, Kothapatnam, N.GPadu, Addank, LPanguluru, Santamagulury,

Martur, Yeddanapudi, Chirala, Chinaganjam, Parchur, Inkoliu,

Available Zinc :

Ongobe, Tangutur, N.G.Padu, 5.M.Pady, Addanki, Balikurava, Martur and

rHEI.‘.ﬁJ..I'I'i

Chimakurthy, Maddipadu, Korisapadu, J.Pangulury, Santamagulury,

Adetjuabe

Kothapatnam, Parchur and Karamchedu
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9,22 Tha averall quality of ground waters of Addanki branch canal

Groundwaber quality Mandals

Good ﬁimakurﬂ‘r:.r. SM.Padu, Addanki, J.Panguiury, Martur,
Yeddanam i and Karamehedu

Marginally saiine Cngote, Tangutur, Kothapatnam, Eorsapedu, Maddipady,
Ballkwava, Santamagulwru,  Chirala, Vetapalem,
e . R

Salin N.G.Padu

9.23 SURVEYING AND ANALYSIS

9.23.1 S0IL AND WATER QUALITY

& survey was conductad during the months of February and Mardh, 2007 in bwenty
folr mandals using GPS(GIobal Positioning Svstem) for part of Magarjunasagar
command area of Gunbur and Prakasam district o shady the "Assessment of sof and
waber quality

All the =il samples collected from twenty four mandalz representing the command
area division of Gunbur and Prakasam district were found to be moderately alkaline,
low o mediom saline and low in organic carbon in both surface and sub-surface
samples,

The avallable nitrogen conkent of the soil samples was low, svailable phosphones
content was medium o hgh and also high in available potassium In both surface and
syh-surface samples.

The cation exchange capacity and calcium carbanate content of the soils wene found
o be high indicating a high sorption capadty of the soiis, Al the selected sofl samples
\'ariedi;'lﬂﬁh'temra from sandy to day loam.

Exchangeable cakium was found [ be the most dominant exchangeable  cabion
followed by magnesium, sodium and potassium, Exchangeable caldum, magnesium
and the available sulphur were found to be above criical limit in both swiace and
sub-surface soils.
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« DTPA extractable iron, manganese and COpPEer wers found to be above oritical limit
where ag, 7inc was below critical limit in all the mandals. 36 per cent of the water
samples coilected was found t© be marginally safine, 34.8 per cent wene good for
irigation. 13.2, 0.8, 2.8, 4.8 and 7.6 per cent of samples were categorized under
saline, high SAR saline, marginalty alkall, alkail and high alkall waters respectively.
The fAuoride and nitrate-nitrogen conkent in these walers was safe and moderately
safie respectively.

« Sail pH had & significant and positive comelation with calcium carbonate and
exchangeable calcum. Soil EC had a significant and positive  correlation with
exchangeable magnesium, avallable sulphur, avallabla iron and available copper.

«  Soil ergamic carbon had a significant positive correiation wilth avallable nitrogen and
availatle potassium. Avaliable nitrogen had a significant and posithve correlation with
exchangeable calcium, available subphur, avallable zinc and available copper.

« Avaliable phosphons had a significank and positive gomelation with avaiable
potassium, exchangeable magnesum, available ron and avallable copper.

« pH of water had a positive and significant correlation with RSC of water. Water EC
had 2 negative and significant commedation with RSC of water, RSC of water had a
sigrificant and positive correlation with avafiable copper of soll.

e Fluorides of water had a significant and positve correlation with  available
manganese. An alternate crop plan had suggested by keeping the constraints of sod
and water quality and existing crops in view.

9,23.2 IRRIGATION MANAGEMENT

« Determing the relative leaching potential of your particusar sl and site. Empboy all
appropriate BMPs on fiedds with severe leaching potential. 2.2 Monitor sol moisturs
by the feel method, tensiometers, resistance Blocks, or other acceptable methods
before and after each Irrigation,

+ Schedue imigation according to erop needs, soll water deplstion, and water
avallability, accounting for precipitation and chemigation. Apply anly enough irrgation
waker to Ml the effective crop root 2one.
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Evaluate the efficency of the total imigation system from the pump or diversion to
returm flow or tall water, Upgrade irigation equipment b improve dellvery and
application effidency where feasible,

Manitor irigation application and uniformity of water applied.,

Time irrigations o individual cop needs too eliminate unnecessary applications.
Calculate the date of the final Irmigation of the season to ensure the soll profe s
largety depleted by crop harvest. Post harvest irrigation should be imited to meet the
nesds of specific operations only,

Analyze irrigation waber quality perodically, and credit NO3-N in water to crop
requirements.

Awoid intenbionally applying excess imigation to leach salts until the growing crop has
taken up fertilizer N. When leaching of soluble salts is necessary to maintain
productivity, time leaching to coincide with periods of low residual soil nitrate,
Contact a qualified professional to help schedule krigation and determine the
application efficiency of your system, if necessany,

9.23.3 FLOOD OR FURROW IRRIGATION

Maximize efficiency and uniformity on suface irfgated felds by instalng. surge Now
irrigation, decreasing set time, leveling flelds, or using tad water recovery systems as
approprate. Producers currently using flood or furrow imigation on coarse-fextured
soils should Install sprinkler systems when feashle,

Use alternate furmow Frrigation and N fertilizer placement on sails with severe leaching
potential to reduce nitrate leaching to groundwater,

Use fertigation to apply in-season M fertifzer with high efficiency Irmigation systems
anly. Fertigation is stronghy discouraged with conwentional Mood or furrow syebems
unless tall water recovery systems are employed.

Line wrigation water delivery ditches to reduce seepage losses, Install pipsines o
convey Irrigation water where feasible,
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9.23.4 SPRINKLER IRRIGATION

Minimize deep percolation Below the crop root zane on sprinkler irtigated fislds by
applying water according to crop evapotranspiration and scil moisture status.
Minimize surface runoff and increase uniformity on sprinkler imigated fiskds by
decreasing application depth or by changing nozzle and pressure configuration,
height, or droplet size as appropriate.

Maintain sufficent suface residue to reduce owerdand water fiow and Incease
moisture intake rate. Where practical, follow soil conservalion practices such as
minimum tilage or conbour planting to reduce evasion of soil sediments containing
r'u.rhrieni;'s or pesticides.

Plant grass filter strips on the downhill side of any highly erodible fields to filter
nutrients or other chemicals from runoff. Utilize basin tilage on sprinker irigated
fields with slopes of 3 to 5% to reduce surface runcé.

Test systems periodically for depth of application, pressure, and uniformity.

9.23.5 CHEMIGATION AND FERTIGATION

Read the chemical label prior to application. Follow all label instructions and take
careful note of the specific chemigation Instructions. Chemigators also must follow
thee rutes of the Colorado Chemigation At

Reduee water application rate to ensure no runoff or deep percolation ocours during
chemigation sets, Aweid chemigation when additional water & not needed by the
crop. Adjust irrigation schedule to account for water applied during chemigation
Monltor and Inspect chemigation equipment and safety devices regularly o determine
proper funchion. Replace all worn or nonfunctional compeonents immediately.

Upgrade well condition to reduce the possibiity of point source contamination at the
wellhead. Handle chemicals carefully around the welhead and chemigation site,
Clean up any fertilizer or pesticde spill immediately to avoid well contamination,
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9,23.6 DIRECTIONS OF FUTURE DEVELOFPMENT

« Imigation units in developing countries hawve an enormous range — from saveral
thausand hectares in the case of Government-sponsorad cormmercial farms, to
lags than a hectare in the case of smafl family units. For instance, high-pressure
sprinkle systems are cost effective In the case of large farms, whereas microsprayer
or bubbler systems may turn out to be more suftable for family units,

= It is nat pessible to design a universally applicable system of efficdent use of water in
irfigation beczuse of the complexity of the varables with regard to s0d, Welter,
cimate, crop and people, and because of the nead to be compatible with other
inputs such as seed varieties, fertilzers, tllsge, pest controd, etc.

+ Advances in information technology have made it possible to optimize the varous
systemn variables, Efficiency of water delivery needs to be optimized in terms iof
conveyance of water with minmal losses (say, In closed conduits), capabillty b2
provide measured amounts of water calibrated to meet the needs of oops in Bme
and space, while preventing wastage, salinity, and rise in the water Lable,

« Effidency of water utilization is to be oplimized to low-volume, low-pressure, high-

frequency, partial-area imigation to achieve high crop yieids (Hillel, 1987, p. 99,
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Appendix - 1
EVALUATING LAND CAPABILITY, CRITERIA

Im the land suitability dassifieation, different parameters and their implications on soif
productivity are discussed, A omprehensive [and suitabifity dlassification madel, based on
the limitabions of different parameters, has been proposed. These Tables are tentative and
more mesearch work is peeded to modify or validate these Tables for seml-quanticative
evaluation of different sails for thair placement in a particular Capability Class,

The foflowing parameters along with their limite may be used for evaluating land capability
classification of a sod-unit/serjes, The sail-unt which qualifies for Class-TIl, with 2 or more
parameters in Class- TV, finally wil ke -cut in Class IV, that i= in one dass higher, Anather
Sod-unit, qualifying far Class-TIl in one Parameter and Cass-I1 or [ in ail othar parameters, s
finally dassfied as Class-1Il. A unifarm appfication of the criteria resuits in capability class
that correlates well with the field cbsanvations,

Soll Texture Symbel Clay (%) Capahility Clage#
Very fine {clay) 0 6l 1
Fine (clay) C A5-60) Il or 111
Moderately fine (sil, of] E 35-40 n
Medium fine and Medium (1) M ard L 27-35 £ 17-37 [l or
Medium coarse (1) R 10-17 lorll
Coarse (|s) s <15 m
Very coarse js) z <10 il

* depending on soil slmucture; massive soils may quality for a class higher,



Soil Reaction

Sail reaction (pH) is very Impartant as it contrals the availability of most elemeants for Plant

groith. The newtral reaction (pH 6.5-7.5) is the most optimal. The proposed criteria for mting of

=oil reaction is given as under -

Soil Reaction Rating

E;m:,fnmﬁpﬂm term pH Raﬂ_gg Capubility Class
Extremely-geidic =4,5 VIV
V. strengly-acidic 4,5-5.0 Vvl
Strongly-acidio 5.1-5.5 Vv
Moderntely-acidic 5.6-6.0 1
Slightly-acidic f.1-6.5 Il
Meztral f8.6-T.5 1
Slightly-sodic T.6-8.0 I
Moderatelv-sodic R.1-8.5 I/l
Strongly-sodic 8.6-9.0 vV
Very strongly-sodic 9.1-8,5 Vv
Extremely-sodic 25 Vil
Soil Salinity

Soll safinity advarsely affects plant arowth, Its effects are more limiting when obsenad in heavy

textured solls, such as Vertisols or in soils with increasing sodiurm on the exchange comples,

Soil Salinity Class Symbol ECe dSm  Capability Class
Non-to very slightly-saline (8- wd Tockl
Slightly-saline 8-1) 4-8 i
Moderately-saline {5-2) B-15 11 ar 111
Strongly-saline (8-3| 15-25 Il or IV
Very strongly-saline (5-4) 25-50 Y



Severely-saline (5-5) =50 VIVl

Gypsum Status

Within limits, the presence of gypsum i useful s it does not allow saline =oils to turm sodic
and is a source of caldum and sulphur for plant growth. Its presence in higher amaunts, by
mmmWIMWMERmMMQMhMMMMW
miaking sink-holes, rendering the land uneven and resulting in loss of irrigation water, fine soil and
plarit nutrients o deeper fayer and/or join the groundwatar,

Gypeum Class Bymbaol Percent Gypsum  Capability Class
HNon-gypsiferous G000 =.3 lorll
Stightly-gypsiferous 1G-1) 0.3-2.0 1
Moderately-gypsiferous (32} 2-5 1
Strangly-gypsiferons [iG-3) 510 Mlor v

Very skrongh-gypaiferous |- 10-25 Vor VI
Extremely-gypsiferous iG-5) >25 VIl

“depending also on other factors, lilee texture, infiltration rate ste.

Drainage Conditions

As discussed earlier, the soll drainage condition (espacially internal) Is important and contros
the soil-cur-water relationship and the supply of mutrients to plants refationship of drainage
dass with the capability dass is given as undar:



Drainage class Symbal Capability Class

Very poor [with Typic Subgroup) b-1 v
Poor (with Aerie Subgroup) -2 WV or W
Imperfect D-3 1)}
Moderately-weil D-4 I
Wl D-5 1
Somewhat-excessive D-6 ]
Excecesive D-7 I

Soll parmeabllity

S0l permeability is the rate at which water moves through a sail under a press gradient,
usualy defined as the amount of water raversing per om® of soll surfane UM 3 pressune
gredient of one dyne cm™, The permeability dass depencs langely on soil texture, structure, day
minerale ete. and has a great bearing on sol-ai-water relatiorship; hence s rating follows

above factors as under;
Permeability Class Rate {m/day] Approximate Capability
Texture Clags Clags

Very alow =003 fine clay v
Show 0.03-0.12 clay il
Moderately-slow, 0.12-0.48 silty clay,

day loam [fing) 11
Moderate 0,48-1.5 clay loarm 1
Moderately-rapid 1.5-3.0 sandy clay loam,

Silt-loam, foam, |

Sandy loam
Fapid B0-6.0 loarmy sand 11
Very rapid *5.0 sard v

* depending on the sefl structure and kand-use. In case of massive soil, the capability
class goea by | class.



Infiltration Rate

The infiltration refers to the downwsard entry of water into 2 soil, The rate at which waker enters a
sail, at any given time, & termed as infiltration rate, and Is expressad as cm, It depands on soil
texture structure organic matter status exchangeabls Na* and o mineralogy; hence is rating

Is Fighly controlled by these factors, and is outéned under:

Infiltration Class Rate [cm ) Capablility Class
Very alow <05 i)

Sloay 05-1.0 [
Moderately-slow 1.0-24 [l
Miderate 20-3.5 |
Moderately-rapid 3550 1}

Rapid 5.0-10.0 11}

Very rapid =100 N

Physlography & Slope

Physiography, which takes care of topography and slope, is an
important parameter for evaluating the suitability of land for irripated
agriculture. It also influences crop growth. As such, it has been

considered.-in evaluating land for capability classification as under:

Physiographic Class Mapping Symbol Capability Class*
{generalized)

Recent Alluvial Plain " [orll

Old Alluvkal Plain- 0 [ fug 1o 1)

without any aeolian cover ol Iy

-partly-covered with seolian material 02 I jor TV)

Acolian plain E IV or Wi

* depending on other soil characteristics, such ss texture, structure, infiltration and
human intervention to level up the landform,



Slope

Blope (%) Capability Class*

0-1 I

1-3 [-IT

3-8 [1-T11

E-15 M=V [depending on land wee)
15-25 vl

28-50 VI

=50 VIl

* depending on stoniness

Boil Erosion

Degree of Erosion Hind Symbol Soil Loss Capability
jestimated in t/ha/yr}

No erosion ——-- el =3 L

Slight Bheet | 2-10 I

Moderate Rill el 10-20 m

Severe Cullied ed 20-40 |

V. Severe Ravinous od =40 Vil

inetwork of gullies)

CRITERIA FOR EVALUATING SOIL-SITE SUITABILITY FORCROP GROWTH

The scil-ste suitability evaluation was devoted to the implcations of different paramaters c-:n
soll productivity and its result on the overall suitability class under different land utilization
types. However, al no stage, we could give the number and degree of limitations and their
relation with the overall sultability class. This has been attempted in the following tables, which
mmuﬂﬁsﬁmﬂTﬂEEMaﬂd&ﬁnﬂEHﬂtﬁmaﬁllmﬂamnﬂm
Wmﬁh‘ﬂdﬁxmmwmmwdmﬂwapmﬁuﬁrmDepaﬂngun'd'remunba
of parameters and their degree of limitation, and using the oriteria bid down, the overall
sultability of different sail-units for a crop Is evaluated. The efforts naed to be continue for



ather crops, dominantly grown in different agro-ecological (subjregions, for determining the
suriability of ssil-units for alternative crops for rationalizing land use.

Suitability Btructure

Order Class Subclass Unit
{Kind of Suitability) (Degree of suitability] (With kind of Hmitation)

3 B1- {suituble] {does not exist) (does not exist]
£2- (Mod. suitahie) 82m §2m
83- (Marginally suitabic) 83e, 83me 83e2, B83m3
N N1-{Not suitable) jourrently)

N2-[Not suitable] (permanently)

Degree of Limitation(s) and Buitability Class

Degree of Limitation Suitability Class Equivalent Order
ECapability Index and Claze

0-Mo limitation: -Suitability: capability Index (Ci>&0) 81

1-SHght limitations: -Moderately: auitable [Ci 60-80 52

2-Moderale limitations:  -Moderately/ Marginal-suitableCi 40-60) 53

3-Bevere imitations Not suitable but potentially-suitahles; M1

Uneconemical for use{Ci 20-44
4-Very severe Hmitations Mot suitable (presentlyn and potentially) N2

[Ci=20)

Criteria for Determining Suitability Class based on Kind, Degrec
and Number of Limitations



S1-Limitation of 1 fupto 3 limitations|
82-Limitation of 1 and/or of 2 fupte 3 correctable; or upto 1 Incorrectable lirmit)

&3-Limitation of 2 and/or of 3 (upto 3 correctable, or upto 1
incorrectable Hinit)
Ni-Limitation of 3 and/or of 4 {upto 3 carrectable, or upto | incorrectable mit)

N2-Limitation of 4 (more than 3 correctable, or 2 incorrectable lmit),

Criteria for Evaluating Avallable Nutrient

The anallable nutrients (nitrogen-N, phosphorus-P and potassium-K ratings fave been evaluated
and given in the soil-site sultability criteria for different crops.

Key for Available N, P and K rutings

Rating Class Rating Limis
NiKg/acre] P K20
[OLM. in %) g/ acre) _{Kg/acre)
Lerw (L) <110 <5 <53
[=D.5)
Medium [M) 110-220 b5 33-110
[0.5-1.3]
High =220 =10 =110

(1.5




Appendix -II

Soil-site suitability criteria for Bengal gram

T —

Land-ase requirement | Soil-site characteristics Highly Moderately Narginaly Hot
suitable snltabls sl inbis mzitable
51 83 b
Clisnatic regime Mean bemp, in growing 20-25 15-19 5-15 =3}
= LSO ff-‘r = A6-30 =8
Total reandol] ) BO0- 1000 BO0-BO0 300600 <300
Land qualsty 1
Bnisture mmilalrlity L idays)
Short-durasion vanebes = 100 90- 100 T0-50 <70
Long-duration vanetes > 150 120-150 90-120 <90
Chaygent avatiability Sail drainage WD NWD, [T P ED VED
10 rodrts
Fouttrierst creaabiliny Texture Lail, o, sd | mic skl =, ¢~ 60% 8 18
pH (125 - 6075 ThBD 6557 | B,10.0,4554 | =90
Booting conditisns Effectve sodl depiily [em) 275 51-75 25-50 <35
Graeed [if =15 15-35 35 2
Bl toascity Sahraity (EiZe] samn,, (S or| 1.0 1.0-24 w20 =
Sodicity (E5F, % <10 10-15 =15
Frosan hazud Elape (%6 <3 35 A0 -
Soil-site suitability criteria for black gram / green gram
Land-ase requirement | Boil &ite characteristics Highty | Moderately | Marginally ot
saitahis suitable smitable suitahis
81 52 a3 N
Cliratic regame Memn texnp, 1o growlng seasca 20-35 36-90 15-18
Estages [(C1 - 18-20 =4
Tatal runfnll fmm) B00-750 S00-650 300-500
= 10001500 =1 50
Lemad quaakity
Maisure avadability 1P {sdmynl ——
{iresq pram =G0 45-64) 45
Bilacks gram 5} &0-00 45-6ik
Caygen evailalxility Solll drainags WD MWD, SED, 1T PO, ED VFD
L D s
tutrient mmdlability Texture L, <1, scl, sil, aic, nacl, 8l e = &l Iz, =
. 4 {m +-kj =]
pH [1.9.5] 6-7.5 5-5.9 =B 5
> 0.6-8.5 <5.0 -
Roating conditicns Efertve soil depth cm) *78 50-75 50-25 <25
Coreral (%) <15 15-35 35-40 =4l
Sodl toicily Salistity [ECe) satry, (A5 m-1) <1.0 1.0-2.0 =0.0
Eroeion Nazard Elape [F) <3 35 510 =10




Land-uss Boll-site characteristics Highly Maderately Margioally Hot
reguirement suitabie snitable auitabile sufabls
-1 &3 &3 .|
Climatic regime Mean temnperatire in groeing 2430 TE-25 - =]
seasan [(“0] = 31-33 3420 wl)
Total raminl foom) T0-1000 S00-700 AS00 <450
|Land quality
| Moisture evailalalig L fderys)
Bunih varisties 100-125 o0-105 75490
Spresehing varieties 120-135 105-120 G0-105
Oxyeen avallabibcy Hodl drednnge WD BT jis] PO
omobl® .. | ... ... 1
Mutrient wmilabhifity Testure Surface sod I, 5l cl, aicl. ecl i i
Subsail gil, I, s¢l, ¢l =il Sc g, o 5, Is, 5i, co60
| pHi1:3.5 &,0-8.0 B.1-8.5 8.5
3,509 =5,5
CalOn oot 2o0e 6 High Low
Rootng conditions Fifective sl depth (cm) =75 51-75 25-50 <25
Crusting Home t Moderaie:
Coegse fgments (val %) <35 A5-50 =50
Sail tesoaty Salinity [ECe) aatn dSm ') =23 0 2.0-4.0 4.0-8.0 =8.0
Sodicity [ESP, %) Mom sodic 5-10 =10
Erosion brenrd Sape (M0 -3 3-5 5-10 ESTH
Soil-gite suitability criteria for Groundnut
Soil-site sultability criteria for castor
Land-use Soll site characteristics Highly Moderataly | Marginally ot
refuirement suitable sritahle muaitable anitahlo
g1 B2 - E| "
Climasic Tegime Menn temp, in prowing 26-32 33-35 Jh-40 24
season ("Cf 24-35 15-23 <15
Total cainfall {mis) Be0- 750 A00-G00 2500 <150
Land qualiby
Muoistuge availabllity | LGF for different varietics
E_-E._‘l:l' =] 20 G0-120 Rli]
Medium =150 120-130 90-120
Late =210 180-210 150- 180
Oxygen ovailability | Sod drainages wo MWD 7] FD
b rools | |
[Mutrient pvailelility | Testure |!. gel, mil, o, Al sdel, sde, 8o, cimo+  (ls o8] 5
pH [122.5] 6575 6.4-50 8100 =800
T.6-850 4.0-4.9 3.0
CeCOR m roat #o6e ) Kog cal, 5 i}.ﬂ =10
DLC. () Medinm High
Roting condiiions Effective spfl depth {cm) =T 50-T5 25-50 ' |=25
Cravel 4] Hun-gravelly Uple 15 16-25 =38
Sodl toadcity Bntimity {ECe] satn 8 m-1) Hom saline 1.0-2.8 2.0-4.0 wi
Bodicity (ESP) (Mo} Hom sodic 1015 15-20 =30
Erosicn hazard ]Eilnpr. 1) £3 3-5 5-10




Soil-site suitability eriteria for cotton

Land-use Boll-site characteriatica Highly Maderately Marginaily Hot
mequiremant siltabla suitable sltahbe suftable
Bl 52 - ] 1
Cllimatic Tepime Mean Cesip, in Erowing -0 ail-as <10
season | o) Iy . =35
Rainfall In growing season (mm) | 600-950 H50-600 =430 -
Land quality
Moisture avellability LGP (#ays) 180-240 [ 120-180 < 120 =
AWT |mm m*1) 200-250 25200 [50-125 £50)
Croypen availability Sail drainage WD, MWD K] PO, SED ED
b0 Tous Wateringgmg 1 growing 12 2-3 35 =5
sepsnn (lays]
Hutrent avadability | Texture Bic, © Teict, ol o, ul, o0, 8cl 1 [4L, & [n
[ pH (28 BL5-7.8 7680 B100 0.0
<6.5
CECicmalip + ) kg'l] =55 50-53 30-50 <30
Crl03 1 oot zane %4 <3 35 g-10 10-20
.G, [} =1.00 0.75-1.0 0.50-0.75 050
Rooting conditions Effective scil depth {cm)| 100-150 60-E00 060 =30
Btonnines ) <15 15-25 25-50 50-7%
Cravel ) <5 5-10 10-15 15-35
Gail foxiciy Balinity (ECe] sam (15 m=| -4 4B B-12 =12
Sodicity [ESP, ) 510 10-20 10-30 =30
Eroston hazard Slope 34 1-2 2-3 3.5 =5
Soil-site suitability criteria for guva
Land-use Sell-site charactesistics 1 | Moderataly | Marginally ot
requirement sultable suicable Aulinble suitabie
81 B2 B3 H
Climase Tegims Mean temp, 16 growing -3 330 S6-43
s=asan |7 2408 -4 =
Land quality
Moisture avalebility | LGP (dags) *150 120-150 a0- 120 e
Cicygen availability ol draimege (class) Wi MWD, 10 PD VPD
to ool N
Mubreni availability Texture s, 1, cl, =l 4, micl, sic, wl=hill] o>
L ac, ofm + k) 8, 1=,
pH {1:2.5] 6.0-7.5 7.5-B.0 A.0-8.5 =05
5.0-6.0 4.5.5.0 0.5
Caltos in root zane [ Min-calcasetis <10 10-15 =15
Fertility mting clans {HPE) High Medim Laow -
Footing conditions Effective soil depth {cm) =100 75-100 S0-75 <50
Ciravel 1'%5___ Hon-gravelly <15 1533 35
Sall ety Sallnity [ECe] satn {8 m-1) <30 2.0-4.0 & -6.0 B0
Sodicity [ESF, %) Mon-madic 10-15 1525 225
Eroalon hazard Slope (2 =3 3= 5-10 =10




Soil-site suitability criteria for maize

Lamel-us soil-site charncteristios Highly Moderately Marginally Not
requiremont sultabls silitakle suitable suitahie
81 82 53 H
CHmagic Tegime Mean temnp, in prowing -21-32 33.98 A9-40
seAzon |"Ch 15-90 <15
Annual rainfall [mm) GO-1000 750-900 _ 500750 | <500
Land quatity .
Molgre aveilabiliy LGP [davs) =100 10480 -5
Crevgen avadlsbdlity t Iaqq'mm'mg: wD MWD, D PO, ED YPD
Mutrent availshility Teature 1, cll, mcl, =2 ei, miel, mic; cfn-s) & |e-a),le s
pH [1:2.5) §5.5-7.5 7 6-B5 <5 0
5.0-5.4 #.56-9.0
[ CEL, conod (p + Jkg-1 =30 520 10-15
[aTndie T} High Medium L -
Rootng conditiona Effactive soll depth (cm) | 75-100 50-75 5-250 =35
Sroddness [Fal _Hnn{rmdly 15-35 35-50 5
Soal ity Salinity (ECe| aatn. |05 rrrl)| Nan Saline 1020 10-4.0
Sodicity [ESF, %) Nan Bodic 10-15 =15
[Ernsion hezard Slope Pl <3 .ia.s- 5B
Soil-site suitability criterla for redgram
Land-uss Boll-slte charictaristics Highly [ hearginally Nt
redulrement sultakls mdishis misltatila suitahle
51 82 83 H
| Clinatic pegime i 3o-35 245-20 2034
Active 225 20-35 15-19 =15
Flowering and pod selting i5-18 12-14 1g-11 =10
Maturity _35-40 30-34 25-19 <25
Armmand ramiall (| BOO- 1000 600-500 A00-600 <900
Lamd quolity
Plodstre availabiliby LGP (o)
Shart duration =130 00-110 BO-90 <80
Lang dhurstion =180 150-LBD 120-160 <120
Coygen evailnbaity Bedl drainnge WD MW, 10 P, ED VD
10 roots 2
HMugtrient svailabdity Textare si, &il, cl, scd s, sicl, © 2, I, c>60% -
pH (1:2.5) G075 7.6-8.0; — R1-90 =0.0
B : 5.5-5.9 4.554
Rooting condltons EFective sod depth {om) =100 a5-100 40-85 =4
Chravel 5 =20 20-35 >3
Sail ooty Salinity [ECe| gam. (45 et <1.0 1.0-2.0 >2.0 =
B Sodirity (ESF, ) <10 10-15 =15
Exomion hazard Slope Pl <3 3-5 5-10




Soil-site suitability criteria for rice

Land-use Soll-site characteristies | Highly Moderately Marginally Mot
requirement aultabin sulitable suitable suitable
1] 82 ok | H
Climatic regme Mean temp, in Erowing a0-34 35.38 30990 =40
wmaaan O] 21-249 15-20) 15
Hﬂung rairfall {mm) 1110-1250 G0-1110 TH-5H0 < Tl
Land quality =
Orygen availsbliy | Seil drainage 1D, P MWD Wi, 880 |ED
1o IO Fluading (menths) 34 23 =
Depth to water table jcm) =10 10-250 =30-40 EETT)
Muinent ovadlability | Texture® ., |wie, ol, sicl, s |acl, ml, I al, Is 5
pH [1-2.5] 556.5 5.4-7.5 7 6-B.5 8.5
4,554 =4.5
Cac0d in roct zone 1) r.l__‘_‘-_ 1525 1230 =30
| Roating comditions Effective soil depth fem) *To 51-TH 25-50 =25
Soil toxicity Salinity (ECe) samm.. [d5 nrl] <3 36 f-10 w10
Sadlcity [ESE, %) =15 15-40 3050 =5l
Frosion hazard lEn.:.p.-_ iy -1 1-3 3.5 =5
Soil-site suitability criteria for sorghum
Land-use Boll-site characteristics | Highly Moderately Marginally Mot
requirement suftable anltable moitakle sultatble
-] 82 B3 i’}
Climaric regims Bdaan temp, ln growing 26-30 31-34 2540 =i
poagnn {1 24-75 H-23 <l
Rainfll in gvowing SA0-700) 400-500 | 300-400 | <300
serson (o)
| Land qualiny
Mioterme mafahkiliny LGP {dons} 120-150 - <5
| Chygen gemilability | Soll drainage W, MWD 1D, PD P, ED NTD
b TENEE i 23 a4 45 =8
sezsom (days)h
Mustrlens avaikebi oy Tmtume 4 c. ¢l sicl, s 1 sil, sic, &l sl.14 g frag,
pH(125) £.0-8.0 5559 <55 9.0
B1-85 g.6-0.0
CECicmol (p+ o™ 30-3 20-10 =10
Cailh in root pone (o) 5-10 1675 5
O (%) 0,50-0.75 0.50-0.20 <0.20 :
Rooting conditions Effective soil depeh (cm) 100-75 50-75 30-50 <3
Srominess (951 5-15 15530 -0 <60
Geavel () 5-1% 15-40 AlTH 273
Goil ity Salinity (ECa) mtn {15 m-1] 24 44 B-101 »10
Sodiciry (ESP, ) =8 8-10 10-15 15
I_F:Tm. hazard Slorpe (%) -3 3-& B-15 »15




Soil-site suitability criteria for soybean

Boil-site characteristics Highly “Moderately Marginally Mot
reguirement ' sultable naitable suitable suitabile
81 B2 83 H
Climatic (egime Memn tempernture in groaing | 25-26 29-32 31-36 =36
mnﬂug_gncp
Measn RH in growing seaso (5 |70-73 60-65 S0 5
Tote] Tainfall (o) BO0- TS0 SO0 -6B00 0054 <l
Lasel qualiby
Molsture avaiability LGE dayn) *120 100-120 35-100 | <85
e AWE [ " 1) w M) 150-200 150-50 |
Ciaypen dvailability to Sobl drainage wh M {FD-I0
Nutrient aveilability Texture el scl, .=l jgl, o, mic, sicl ctleg,ls |8
pH [1:2.5 6,575 7.6-82.5 =53
B, 6.0
0.0 ) Bedim !-EEh Larig
Hmti:ﬁ conditions Fifective 50i] depih (G w7h 50-Ta : 50-25 <25
Ainminess (%) =15 15-25 25-35 Bl
Conrse ragroents (vol 3o
Sodl tomcity Salinity [ECe] satn (45 1] <10 1-2 24 =4
Sodicity (B3P, ¥ <5 510 10-15 =15
Erosion hazand Skope (Tl <3 35 3-8 =8 J
Soil-zite suitability criteria for sunflower
Tand-use requirement | Soll-gite chorasterisics Highly Moderately | Marginally Hot
Enitabile eultable suitable sultabie
5l 2 B3 |
Cligatio reglone Mesn temparalure in prowing 2420 11-34 A5-38 =18
geasnn {*C) 20-23 L6-19 <1h
(- Trtal catrfal] fmm] EO0-T0d S00-600 400-500 =}
Lanad quality s e
Woisitire availabiaty LGP (duys) =00 BO-90 TO-80 =70
Oy pen mra.ﬂnhﬂ-i:].- Ol drninape WD MW 1 T
tir poats
mpirient aailabiiicy Tesmare T sl &, € ¢ 6P, sl Is, =
pHLIL:25) 6.5-48.0 B1-8.5 2.65-9.0 =i,
5554 A55.4 4.5
Rooting conditions Effectivs =all depth [cm| =100 Ta-104 50-T5 =50
Cparae fragments (vol. % =15 15-35 =35
ol taxcity Salinity |ECe| 8atn (85 m 1) <1.0 1.0-2.0 2.0-4.0 4.0
Spdicity (ESP, ¥ <10 10-15 =15
I’E:mmu hazrd Stope (4] <3 a5 510 10




REFERENCES

10.

11,

12,

13.

14,

15.

Angrew, ). E,, John, F. M., Maning, 5, 1., & David, B. L. (Z000). Quantifying Vegetation Change in
Semiard Emvironments: revision and Accuracy of Spectral Midtwre Analysis and the Normagsed
Difference Vegetation Index. Remote Sensing of Environment, 73, 87-102,

Dadhwall, V. K., & Ray, 5. 5. (2000). Crop Assessment Using Remcte Sensing - Part 1T Crop
Coneition and Yield Assessment. Indian Jouma| of Agriouitural Economics, 2 [1947)-4, 55-67,

De Wit, A, J, W., & Boogaard, H. L. (2001). Monitoring of crop davelopment and crop model

" Opimisation wsing NOAA - AVHRR; towards an Integrated sabellibe and model = based orop

monitoring system In the European conbext (Vol. BCRS Report 2000: USP-2 Report 2000; 00-12).
Delft: Belesds Commissie Remoti Sensing (BCR).

FAD. (2000a), Agricufture, Trade and Food Securty [ssues and options in the WTD negotiations
from the perspective of developing countries: Country case studies (Viol. IT). Rome: FAD.

FAO, (20000}, Intemational Rice Commission Newsletter {Val. 49, ROME: FAD,

FAQ., (2001, 1B/07/2002).Concern about roe  production  practices  [htmi].FAQ,
RetrievedCeNovember, 2002, fromtheWor dWideWeb:http:/wwnw haalth_fgow be/WHIS krant/kranta
rch2002/kranttekstjuly2 /0207 18m05 a0, htm

Gat, N, Erives, H,; Fitzgerald, G, J,, Kaffiea, 5. B., & Maas, 5. 1. (2000, Estimating Sugar Beet Yiald
using A‘.f:rFuE-ﬂemred Indices [PDF]. Hmieved 14;'4:15 2002, I‘rnm the World Wide ‘Web:

Gielen, H., & de WM, A. (2001). Crop Yield Forecasting Simulation Study (MCYF). Harare,

- Jmbalee,

Govermment of Andhra Pradesh. (2000). an Qutling of Agriceitural Situation in Andhra Pradiesh-
1999-2000 [hind]. Directorate of economics and statistics. Retrieved 11707, 2002, from the Waorld

Govemment of India. (2002). Agricultural Statistics At A Glance - 2002 [html]. Directorate of
Economics -and  Statistics, Retmeved 0811, 2002, Ffom  the  Word  Wide ‘\Web:

Tihitp: /agricoop.nic.in/stats itmUT

Groten, 5. M, E (1993). NOVI - crop moniforing and early vield assesement of Burkina Faso,
Intermational Journal of Remote Sensing, 14(8), 1435-1515.

Groten, 5. M. E., & Dboudo, . {£996). Food Security monitoring, Burkina Faso.

Hamar, 0., Ferencz, C., Lichtenberger, 1., Tarcsal, G., & Ferencz Arkos, 1, (1995). Yield estimation
for com and wheat in the Hungarian Great Piain using Landsat MSS data. International Journal of
Remote Sensing, 17(9), 1689-1699,

Huete, A, R. (1988}, A scil-adjusted vegetation index (SAVI). Remote Sensing of Environment,
25(3), 295-309.

Janssen, L. L. F., & Huurneman, G. €. {Eds.), (2001}, Principles of remote sensing: an introductory
tesctbook (2 &d.). Enschede; ITC.



16 Uu, W.T., & Kogan, F. {2002), Manitoring Brazilian soybears production usimg NOAS/AVHRR based

17

18,

15.

20.

24,

27

28,

vegetation condtion Indices. International Journal of Remote Sensing, 23(5), 1161-1179.

Mohd, M. 1. 5, Ahmad, 5., & Abduliah, A. (1994), Agriculture Appication ndd Femate sensing;
Paddy Yield Estimation from Landsat-5 Thematic Mapper Data [html]. Retrieved 18706, 2002, from
the Word Wide Wekb:

Muthy, C. 5., Jonna, S., Raju, P. V., Thrivengadachari.5, 5., & Hakaem, K. A. {1394). Crop Yield
Frediction in Command Area using Satellite Data [htmi]. ACRS. Retrieved 4-11, 2002, from the
Word Wide WWeh: I1th::,n',.l"-'i'm-r.|;I5|:|m’etmtnatnﬂimrﬂmﬂlﬂﬂ#fp&ﬂmlﬂlﬂ.ﬂlhﬂ

Mizamabad District, (2001). Handbook of Statitistica - Mizamabad District 1988-92 to 2000- 2001,
Nizamabad: Chée Planning Officer, Nizamabad District,

Parihae, 1. 5., & Dadhwal, V. k. (2002, 3-6 Dec). Crop production forecasting using Remote
Sensing data: Indian experienca. Paper presented at the ISPRS Commission VII Symposium -
Rescurce and Environmental Monitoring, Hyderabad, India,

¥, 1., Chehbouni, A., Huete, A, R., Kerr, Y. H., & Sorcoshian, 5, (1994). A modeied sail adjusted
vegetation index. Remote Sersing of Emvironment, 48(2), 119-128,

Quarmby, N. A., Milnes, M., Hindie, T. L, & Silleos, M. (1993). The use of multi-temparal NOW]
measurements from AVHRR data for crop yisld estimation and prediction. Intemational Journal of
Remaote Sersing, 14(2), 198-210.

. Rajak, D. R, Oza, M. B, Bhatsa, N., & Dadhwal, ¥, K. (2002, 3-6 Dec.}. Relating wheat spectral

profile. parameters to yield and phenclogy. Paper presented at the ISPRS Commission VI
Symposiem - Resource and Environmental Monitoring, Hyderabad, India,

Rao, 1 V. 5, Rao, A. P., Adinarayana, V., & Shantzram, M, V. (Eds.). (1995). Solls of Andhva
Pradesh - A Monogragh (1st ed.). Hyderabad: Andhra Pradesh apricultural University and
Hyderabad Chapter of Indian Sociaty of Sof Soences.

Rasmussen, M. 5. {1997). Operational vield forecast using AVHRR MOVI data: reduction of
environmental and inter-annual variability. International Journal of Remate sensing, 18(5), 1059-
1077,

Ray, 5. 5, Singh, 1. P, Dutta, 5., & Pormography, S. (2002, 3-6 Dec). Anslysis of within-fleld
variability of crop and soil using field data and spectral information as a pre-cursor to precision
Cop management. Paper presented at the ISPRS Commission WTI Syrnposium - Resource and
Ervircnimental Monitoring, Hyderabad, India.

Sensing, 21(18), 3487-3508,

Rondeati, G., Steven, M., & Baret, F. (15%5). Optimization of sol-adjusted vegetation indices,
Remote Sersing of Ervironment, 55(2), 95-107,

- Rossiter, 0. G. (2002). Utilitarian soll groups of the study area, Enschede, Rugege, 0. (2002).

Regionial analysis of maize - based land use systems for early waming applications. Unpublished
PhD thasiz, Wageningen University, Wageningen,



30.

3L

3,

35,

36.

3

38,

34,

41,

2

43

45,

Schuber, R. T. [2002). Remote Sensing Experences in Production Fields [FOF]. Retrieved
lﬁfﬂ?,:nﬂl,mmmlmgmrub:mp:ﬂaIH.mhwﬁc.edm’e:ﬂnaiumewmzpm:qngﬂﬁm
uler, pdf

Singh, R., Goyal, R. C., Saha, 5. K, & Chhikara, R. 5. (1992), Use of satellite spectral data in cop
yiedd estimabion surveys. International Journal of Remets Sensng, 13{14], 2583- 2592,

Singh, R., Semwall, D, P., Rai, A, & Chhikara, R. 5. (2002). Small area estimation of crop vield
using remate sensing satelite data. Intemational Journal of Remote Sensing, 23(1), 49- 55,

+ Staggenborg, 5. A, & Tayler, R. K. (2000). Predicting Grain Yield Variability with Infrared Images

[PDF]. Retrieved 14/06, 2002, from the World Wide Weh:

s htq::#mw.mnat.hsu.edujpm:iﬁmagjpuhwmdcﬁ:wrzDGmIn%II‘.‘PﬁeId%EﬂUaﬂahllit

¥ 20withe20Infrared %620 mages %2 0PAZ 000, pdr

University of Arkansas. (1957, 20¢12/2002). Rice production Handbock. University of Arkansas,
Ratrievad (01, 2003, from the World Wide Web:
hup:;;mm.mmﬂuwmaﬁwalu:aﬁm?WHWPﬂz

Venkateswarlu, 1. (3001), Management of Sods of Andhwa Pradesh, Hyderabad: Acharva N.G.
Ranga Agricultural Linlversity.

Verma, K. 5., Saxena, R. K., Hajare, T. M., & Kumar, 5. C R (1958), Gram yiald estimation
through SVI under varable soil and management conditions. International Jourmal of Remote
Sensing, 19(13), 2469-2476,

Woldu, T. (1997} Remote sensing of Biomass Production, Radiation Distribution, and Rainfad
Patterns  [htmi].  Retrieverd 28/05, 2002, from the Word  Wide Wiek:
nttp/fvoww, punchdown.org/rvbfremiote termrat bkm|

Miao, X., Boles, 5., Frolking, 5., Salas, W., Moore, 1, & L, C. (2002). Observation of finoding and
rice transplanting of paddy rce felds at the site to landscape scales in China using VEGETATION
sensor data. Int. ). REMOTE SENSING, 23{15), 3009-3022,

Bauman, B.A.M, 1992, Linking physicel remote sanging models wilth crop growth smulation models
applied for sugar beet, International Journal of Remote Sensing, 14, pp2SE5-2561

Jonna.5, 1994, Compensating for varations due to differences in crop calendar in satelliite
evaluation of irrigation system performance in command eigas, communicated to Indien Jowrnal of
Remaote Sensing.

Jonna.S. CharS.T., Raju PV and Murthy CS 1994, Satelite data normalizstion for change
detection studies in imigated command argas, to be presented In ICORG, Dec (3-5), INTLY,
Hyderabad, INDIA.

NRZA. 1993 Remote Sensing Data in crop cutting experiments, Technical, Report, NRSA, Inda,

Rapu P.V, MurtiwC.S Jonna S. and Thrivengadachari.s. 1904 Integration of Cadastral and topomaps
for monitoring and evaluation of an iripated command area, paper sent to INCA synopsss, to be
held at Bangalore, India, Dec 1594,

Rasumussen M.S 1992, Assessment of millets viclds and production In northern Burkiner Faso
using Integral NDVI from the AVHER, International Joumna of Remote Senaing, 18, pp3431-3443,



47

13,

51

53,

an.

56.

57.

Bl

SAC, 10805 tatusreportoncropacreage and production estimation, RSAMISAC/CAPE/SR/25/90, TSRO,
INDIA,

Singh.R. goyal R.C Szha S and Chihikara R.S 1992, use of satellite spectral data in crop yield
estimation surveys, International Journal of Remote Sensing, 14, pp2583-2592,

Tenngkoon 5.8. Murthy V.V.N and Euimoh A, 3 1992 Estimation of cropped area and grain yeeld of
rice using remote data, International Journal of Rernote Sensing 13, pp 427-439,

Thrivengadacharls, MurthyC.5, Jonna.5, Raju PN, Hakeem.K.A, 1994, Paddy yiekl estimation
using sateli%e data-Bhadra Project Command area in Kamataka State, Project Report, Aug 19594,

MRSA, Hyderabad,

. Ajal, Gopalan, AK.5 and Kamat, D5 1885, Discomination of winbar crops LrGing

temporal spectral profiles, International 1. Remobe Sensing, & 1575-1580,

Ajal, Kamat, LS., Chaturvadi, G5, Singh, AK. and Sinha, 5. 1983, Spectral assessment of

chickpea LAT, chiorophyll end biomass, Photogrammetric Engineering & Remobe Sensing, 49:1721-
1727,

. Arnon, WL 1968, Review of Copper enzymes n solated chioroplasts-Polyphenokeidases in Beta

vulgaris L Plant physiology, 24:1-15.

Asrar, G., Fuchs, M., Kanemasu, E.T. and Hatfield, J.L. 1584, Estimating absorbed photosynthetic
raciation and leal area Index from spedtral reflectance in wheat. Agronomy 1., 76:300-306.

. Badhwar G.D, 1932, Profile modeling for crop discrimination, Symposium on Machine processing of

remotely cansed daks, PP 454-455,

Badhwar G.D. 1984, Classification of corn and foybeans using multi termporal thamatc mapper
data. Remote Sensing of Envisomment, 16 175182,

Bandhopadhway, 5., Singh, G. and Das, DK, 19593, Studiés on growth and spectral reflectance of
wheat crop as influenced by nitrogen end phosphorous fertilizers.  Proc.  Metional Symposium on
Rermote Sensing Application for Resources Management, Guwahati, Nov. 25-27, 1993 PP.376-381.

Bannar, A.; Morin, D, and He, OLC 1994, High spatial and speciral resolution remote sensing for
the managermsnt of the urben emvironment.  Frst Internationsl Sirborne Remote SENISING

. Conference and Exhibition, Strasbowng, France, Vol 111 247-260,

. Bammari, A, Morin, Du, Bonn, F. and Huete, AR, 1995, A Review of vegetation indices, Remote

Sensing Reviews, 13:95-120,

Baret, F., Guyot, G. and Major, D.J. 1989, TSAVI; A vegetation index which minimizes the soi
brightness effects on LAL and APAR estimation. Proc, of 12th Canadian sympaosism on Remote
Sensing, Canada, PP: 1355-1358.

Baret, F and Gunyot, G. 1985, Potembials and lmits of vegetation indices for LAL and APAR
assasernent. Refmote sensing of Ermdronment, 35:161-173,

Barlou, R, Lecamns, D. and Henaff, F, 1985, Végétation Inchices; A Report, Univ. Rennes, France,
Pages: 80,



63,

B5.

7.

.

’1.

Firs

. Barnes, EM,, 8.5 Mogan, P, Pinter, Jr., and T.R. Clarke. 1996, Multispectral remote sansing and

site-specific agriculture: Examples of current technology and future possbilfies, Proc. 3rd
International Conference on Precision Agricultuse, PP; 32-36.

Bamett, T.L. and Thomson, DJR. 1982, Large amea relation of Landsat MSS and MOAA-AVHRR
spectral daka to wheat vields. Remote Sersing of Enwironment, 13:277-250,

. Blpemed, K, and Tomn, W, 1985, 5atelite — Derived vegetation index over Europe. Proc. ISLSCP

conference, Rome, Italy, 2-6 Decermnber L9ES5, PP 281-285,

Campbell, 1.8. 1967, Introduction to Remote Sensing, The Guilford press, WY, LISA, Pages: 551

, Casanova D., Epema G.F. and Goudrian ], 1988, Monitoring rice reflectance at Feld level for

estimating biomass and LAL Feld Crops Research, 55.83-32.

Chamard,P., Courel M.F., Ducousso,M., Guenegou,M,C., Le Rubn, 1., Leavasseur 1L, Loisel, C. And
Togata, M. 1991, Utilization of spectral bands for evaluation of Vegetation, AUPELF-UREF: 203-209.

Caverg, LGP, 1986, The dervation of a simpdifiad reflectance model for the estimation of LAL

Symposium on remote sensing for resources development and envirohmental managament, PP
215-220,

Curran, P.J. and Wardley, N.W. 198B. Radiometric |leaf area Indew. Interationsl 3. Remote
zenaing, W2)253-274,

Curman, PJ. and Milton, E.J. 1983 the refationship bebween chlorophyll concentration, LAL and
reflectance of a simple vegetation, International 1. Remote Sensing, 4:247-255.

Des, DK, and Malm, N,1990. Remgte sensing techniques in assessing crop conditions and
productivity.  In Technology Blending and Agrarian Productivity. Eds. 1P Verma and A. Verma.
Malhotra Publishing House Mew Delhi, PP; 99-118,

. Das, DK, Kalra, M., Mighra, K.K. and Singh, G. 1992. Remote Sensing &% a tool in crop siress

detection and estmation of yield. In Readings of Remote Sensing applications, Sdentific Pubs. PP:
255-278.

Desring, 0., RBouse, )., Haase, R.L., and Sched, HH, 1975, Messwring forage production of
grazing units from Landsat-MSS data, Proc. International Symposium on Remote Sensing of
Enwironment, Unby. of Michigan, Ann Arbor, 1165-1198,

. Doralswramy, P.C., Zara, P. and Sbem, A, 1996, Satellite remotely sensed data application in

estimating crop condition and yields. Indo-US symposlum-workshop on Remate sensing and its
applications, Octobar, 1996, Bombay-Inda.

. Dorgiswamy, P.C., Hodges, 7. and Phinney, D.E. 1995 Crop yield for Ag RISTARS from remobe

sansing data, Tech Report SR-L9-00405 Pages. 105,

Dubey, R.P., Ajwanl, M.D. and Navabjund, R.R., 1991, Relation of wheat yieikd with parameters

derived from a spectral growth profile, Photonirachak, J. Indlan Socety of Remote Sansing,
19:27-44.

DrivediLR.S and Ravisankar.T. 1990, The confribution of =oil brightness and wegetation indices 1o
information content analysls of Landsat-MS5 data. Asla-Pacific Remote Sensing . 3(1):90-96.



TH.

Bl.

g2

oL

92,

93.

95,

Elurmnoh, A. and Baimoung, 5. 1999, Analysis of agro-climatic sutabilty of rice and sugarcane
using GI5 and NOAA-AVHRR data in Thailand. Report of Asian Institute of Technology, Thailand.
Pages: 45.

Foody G.M., Curran P.J,, Groon, G.B, and Munro D.C. 1989, Multi-temporal alr borme syrthetic
aperture radar deta, Geocarts, 3:119-37,

. Fraser, A5 and Kaufman, ¥, 1585, The relstive impotance of scattesing and absorpion in

remote sensing, 15CE transaction on Geosciences and Remobe sensing, 23:625-633.

Gates DM,, Kesgan H.), Schieter ).C. and Weidner V.P.1965. Spectral properties of plants.
Applied Optics, 4:11-20,

Gates, D\M., 1970, Physical and Physiological properties of Plants. In remote sensing with speclal
reference to Agriculture & Forestry, PPz 274-252.

Hanusehak, G.A, 1979, Precision of crop area estimates. In Thirteen Intermational sympasium of
Remote Sensing of Environment, Ann Arbar, Michigan April 1979, PP: 54-61,

. Hardy 1R., Singh 5.M and Narracotts, A.5. 1288, Transformation of Global Vegetation Index data

from the polar stereographic profection to an equstorial oylindrical projection. International 1.
Remgte sensing, 9(3): 583-589,

. Hatfield, 1.L., 1981. Remate Sensing estimators of potential and actual crop yield, Remote Sensing

of Environment, 13; 301-311.

. Henrickson, B.L. and Durkin J. W, 1986. Growing period and drought earky waming in Africa using

satellite data. International J. Remate Sensing, 7{11):1583-1608.

. Hoffer, R.M. and Johannsen, C.). 1969. Ecological potentigis in spectral anabysis. In *Gamote

sansing in Ecology™ Univ, Georgla, USA, and PP: 89-96.

Holben, B.N. and Justice, C.O. 1981, An examination of spedral band ratioing to reduce the
topographic effect of remotely sensed data. International ). Remote Sensing, 2-115-133,

» Holben, B.N,, 1986, Charactertstics of maximum-vakee composite images from temporal AVHRE

data. International 1. Remotz Sensing, ¥ 11-15.

. Houston, AG.., Fevilson, AH., Chikara, R.5. and Heu, EM., 1979. Acowacy assessment: The

stetistical approach to performance evaluation in LACIE, in Proc. LACIE Symp. , Vel. 1, PP 115
130,

Huete, AR. 15BB, A Soll Adjusted Vegetation Index (SAVI). Remate sensing of Emvironment,
25:205-309,

Huete, A.R. 1989, Soll influences in remotely sensed vegetation spectra. Optical Remote Sensing,
Wiley Pubs, USA, pp: 107-141,

Huetz, AR., Post, D.F. and Jackson, RLD. 1984, Soll spectral effects on 4-spece vegetation
discrimingtion, Remote Sensing of Environment, 15:155-165,

- Inada, K. 1985, Spectral ratio of reflactance for estimating chlorophyll content of keaf, Japanese 1.

Crop Science, 54(3):261-765,
Jackson, B.D. 1983. Spectral indices in n-space. Remote sensing of Emronment, 13:400-421,



86 Jensen, A. 198D, Sassonal changes in NIR reflectance ratio and standing crop blamass in a salt
miarsh commiunity, The New Phytologist, 86:57-67,

97, Justice, C.O., Townshend, 1.R.C, Holben, B.N, and Tucker, C.J. 1985, Anatysis of the phenology of
global vegetation using meterokogical satefite data. International 1, Remote Sensing, 6:1271-

3. Kalensiy, Z and Schrek, LR, 1975, Accuracy of forest mapping from Landsat computer compitable
tapes. 10th [nternational Symp. Remote sensing of Environment, Ann Arbor, Michigan, USA, Pes
 247-755.

99, Kamat D.5., Adai, sashikurar, MM, Sinha, 5K, Chaturvedi, GS. and Simgh, Ak 1983,

Relationship of spectral paremeters of wheat crop with yield. Indian J. Agricultural Research,
53:89-53.

100, Keufman, ¥.3. and Sendra, C. 1583, Algorithm for automatic atmaspheric corrections to visible and
NIR satellite imagery. International 1. Remate Sensing 9{8): 13571381,

101.Kaufman, ¥.J. and Tanre, D, 1992, Atmospherically Resistant Vegetation Tndex CARVI) for EDS-
MODIS. IEEE Transactions on Genstiences and Remaote Sensing, 30{2):261-270.

102, Knipling, E.B. 1570, Physical and physiciogical bases for the reflectance of visible and NIR radiation
from vegetation, Remote Sensing of Environrment, 1:155-158,

103.5hna Rao, P.V. and Venkataratnam, 1953, Study of soil type-phytomass relationships wsing Nows-
AVHRR data. Geocarto, 13(3):75-52.

104.Krshna Rao,V,, Krishna Rac,P.V. and Venkateratnam, L. 1396, Grapevine acraage estimation using
IRS-LISS-11 data. Asia-Pacfic Remote Sensing & GIS 1. B{2161-64.

105.Kumar, VL., Krishna Ras, P.V. and Venkataratnam, L 1991, Mectarage estimation of Jute crep In
Cooch Behar district, West Bengal. NRSA Fep. No. NRSA: ASG:5:91, Pages:21.

106. Major D)., Baret F. and Guyot G, 1990. A ratio veqelation index adjusted for soll brightness,
International 1, Rermote Sending, 11{5):727-740

107 Mallngreau, 1.P., 1980, Global vegetation dynamics: salellite observations over Asia, International
J. Remote Sensing, 7-9-15.

10B.Manjunath, K-R., Kalubarme, M.H., Sridhar, V.M, and Wyas, 5P, 1992, Wheat wiald modeling using
ARIMA, Trend analysis and spectral index approaches. SAC scientific report No, 97,92 Pages, 22.

109.Martin B.D. and Hellman 1.1 1G85, Spectral reflectance patterns of flooded rice, Photograrmmetric
Engineering & Remate Sensing, 52:1885-1590.

110.Mchaim, H. and Protz, R, 1993, Mapping Com residus cover on agricultural fiefds using thematic
mapper. Canadian 1. Remate sensing, 19/2):152-159,

111 Miller L.D., Yang, K., Mathews, M., Walthall C.L. ang Irons, .. 1983, Comelations of rice grain
yields to radiometric estimates of canopy biomass as 2 function of growth stage, . Proc. dth Asian
Conference on Remate Sensing. Cofombo, Sei Lanka, PP:g-21.

L1, Mighra, K.K. 1989, Assesemnent of sof and orep condition under different management practices by
spectral reflectance and other mathods Ph.D, Thesls; P.G. school, LAR.T., New Dahi



L13.Myers, V.1 1983. Remocte Sensing Applications in Agriculture, In Manual of Rermote Sansing-I1,
AGPRS, LIGA,

114. Narasimha H'E|:|r P-V-i Vﬂlkﬂlﬂl’ﬂtﬂaﬂl, L., Krichna H-al:lr F-Iqur H.HHHFIE, KN and ﬁﬂia Fao. M, 1953,
Refation between root zone soll meisture and NDVT of vegetated Nelds, Intemational 1. Ramate
Sensing, 14(1):441-448,

115.0denweller, 1.8, and Johnson, K.L 1982. Crop identification using Landsat temporal — Spectral
Profes. Machine Processing of Remately sensed data symposium, PP.469-475.

116.Panigrahy, 5., Singh, R.P., Sharma, S.A. and Chakravorthy, M. 1985, Results on potentia use of
simulated [RS-1C data for crop monitoring. ). Indian Society of Remaote sensing, Vol.23 (4):123-
13X

117.Panigralyy, 5. and Parihar .5, 1992, Aol of midde infrared bands of Landsat thematic Mmapper in
determining the classification aocuracy of dce, Intarnational 1. Remote Sensing,13(15}, 2943-2549,

11E.Patel N.K., Ravi, N. and Ravalgund, R.R. 1591, Estimation of rice vield using IRS-1A digial data in
coastal tract of Orissa,  International 1. Remote Sensing, 12(11): 2250-2264,

119.Pated, N.E., Ravl, N. Dubey, p.p., Mavalgund LR, and Ramakrishna. G, 1985. Assessment of yiekd

and vyield asttributes In rice wsng  spectral parameters, IRS-UPISACITYM/SN/O7/86, SAC,
Ahrmedabad, Fe 30,

120.Patel, N.K., Singh T.P,, Sahai, B, and Patel M.5. 1985, Spectral response of rice crop and Bs
relation to yield and yield attributes, Intemations! ), Remate Sansing. 6657-654.

121.Pearson, R.L and Miller, LD, 1972, Remote mapping of sanding crop biomass for estimation of
productivity of short grass praiie, Proc &h International symposium on Remcte Sensing of
Environment, 11:1355-1379.

122 Pinter, P.)., Zipali, G. Marachi, G. and Reginato, RJ. 1967, Influence of topography and sensor
view angles on NIR/Red ratio and greenness vegetation indices of wheat. International 1. Remata
Sensing, B2} 953-957,

123 Pokhrana, 5.5., Mutthy, KV.G., Purchit, N.L. Paramar, AK., Gehlot, A. and Sharma, M.L, 1953,
Statistical analysis of remate sensing multispectral imaging data and time serss yield data for pre-
harvest crop production forecasting in Rajasthan. SAC scientific Raport No. 20/93 Pages; 23,

124.Potdar M.8, Rajesy, 5., Kalubarma, M.H, And Ravi . 1989, Acreage and yield estimation of rabi
sorghum in Sofapur, Pune and Ahmednagar districts using LANDSAT-MSS, TM and IRS, LISS-I
Data, Sclentific note on Indian Remots Sensing satellite utilization programirme.Pages, 37,

125.Potdar, M.B. 1994, Sorghum yield modaling on crop growth parameters deterrrined from visibilis
and NIR channeds of NOAA-AVHER data. Intemational . Remate sensing, 14(%):8%5-905,

1.26.Fottar M.B., Kalubarme, N.H; Sharma, R, Dubey, R.C, and Bhandari, 5.G. 1987. Remote SEnSing
based hectare estimation of semi-arid Tropical Crop: A case study of 1986 Rabl sorghum in Solapur
district. Repart No. IRS - UP/SAC/CPF/SN/ 14/87 Pages.23.

117 Prakash Rao,T. and Reo, M.S. 2002, Characterization and classification of sama s0its In & part of
Krishna district, Andhra Pradesh, The Andhra Agric. 1. 4%:226-235.



128.Prasad, T, Andrew, D.W. Jobn, G.L and Merry, C.J, 1994 Themalic mapper vegetation indices for

determining soybesn and com growth parameters. Photogrammetrlc Enginsering & Remote
Sensing, BG0{4):437-442,

129.Price, .G, 1587, Colibeation of satelite radiometers and comparison of vegetation indices, Pemote
sensing of Environment, 21:15-27.

130.Qi, 1., Huete, AR, , Moran, M.5., Chehbouni, A, and Jacksan, RO, 1983, Interpretation of vegekation
indices dapved from mult-temporal SPOT images. Bemote Sensing Beviews, 44:85-101.

L3L.Quarrnly, PLA, Milnes, M., Hindle, TN, and Sloes, N. 1953, The use of multibemporal MOVT
mezsuremins form AVHRR data for crop yleld estimation and pradiction.  International 1. of
Remate Sensing, 14:199-210,

132.Cnal, F., Venkataratmam, L., Ravisankar, T, and Krshnarao, BV, 1987, Management of watar
resources in Irmigated area with GIS. INDO-SWEDISH project report, Pages.43.

133.Rawi N., Patel M., Navalgund R.R., Desai N.D. and Patel, M.R. 1988, Rice yield estimation using
spectral and metecrological paramebers. Oryzd, 25:132-142,

134.Rawi, M., Patel, N.K,, Navalgund, FLR., Pamigraphy, 5. and Dash, RN, 1952, Disirict level fice yield
estimation for Orissa using satellite data. 1. Indian Sockety of Remote Sensing, 20(1):43-44,

135.Rey, 5.5, Pokhama, 5.5 and Ajai, 1594 Cotton producon estimation using  IRS 1B and
Metecsrological data, Inkermational J, Remole Sensing, 15(5):1085-1090.

135 Reddy, G.5., Marasimha Rao, CL., Krishna Rao, PV, and Venketaratnam, L. 20040, Infleence of
fant plgments on spectral refieclance of maize, groundnut and soyvbean grownm in sesmianid
environments. International 1. Remote Sensing, 23(17):3373-3380,

137, Richardson, AJ, and Wiegand, €L 1977, Distinguishing vegetation from soils background
information. Photogrammetric Engineering & Remote Sansing, 43012):1541-1552.

13B.Rouquet, M.C. 1984, Collection of influence of abmosphere on acguisiion of RS data Thesis.
Unfversity of Sevinas, France, Pages: 113,

139, Rouse, 1W., Haas, R.W., Schell, LA, Deering, DWW, and Hadan, 1.C. 1974, Moniterng the vemal
advancemant and refrogradation of natural wagetation. NASA/GSFC Report, MD, LISA,

140.Rued, R.D, 1374, Remote sensing: A better view. Duxbury. Massachusetts. Pp:l35.

141.Ruhad, 0.5, Singh, CP. and Singh, M. 1938. Response of rice to various light sensitivity levels.
Crop Research, 1{1): 50-57.

142.54C. 1990, Crop stress detection and condition assessment, Ahmedabad, Gujarat, India. SAC
report. Pages, 107,

143.5anger, 3. E. 1972, Quantitaive investigations of leaf pigments from thelr Inception in buds through
autumn cofouration to decormposition in falling leaves, Eoology, 52(6):1075-1089,

144, Saslkumar MM., Ajal, Kamat, D.5., Singh, A, Aggarwal, P.X. and Sinha, 5. 1584. Relationship

of spectral and crop growth vesisbles. Proc.  ICAR-ISRO Seminar on crop growth conditon and
Ramaote Sensing, TARI, 21-1- to 21-17.



145.5astry, P.5.N. and Pannalal, 1985. Estimation of ET owver wheat and mung crop by canopy
temperature technique. Proc, Mabional Seminar on Remote Sensing, 1985, Waltair.Pages: 237,

196.5xena, C.M., Das, DK and Mehta, N.K. 1591 Spectral response of soybean canopy, Annals of
Agriculture Research,12{4):315-321

147.5chimdt, EJ. 2001, Crop Estimations: The role of technology.  Proc. of SASTA, Mt Edgecombe,
Pages: 21-29,

148.5harma, 5.4, Bhatt, H.P. and Ajai 1988, Role of middle infrared bands in groundmut crop
discrimination and sedection of optimum bands, Proc. Mational symposium of "Remate Sensing for
Agricultural applications® held at New Dethi, December 6-8, 1990, PP: 204-211,

149,Sharma, 5.A,, Bhatt, H.P, and Nanavaty, S. 1991, Rapeseed-Mustard atreage estimation using IRS
LISSI1 data, 1. Indian Society of Ramate Sensing, 19(1)-53-66,

150.5harma, T., Rini, N., Tomar, K.P. and Chakravarthy, NV.K. 1980, Evaluation of middle infrased
radiances for wheat yield estimation. PFroc. National Sysmposium on Remote sensing for
Agriculture Applications, [ARI Mew Defhi PP: 325-3332.

151.Shibayama, M. and Akiyama, T, 1985, A Spectro ralometer for field use. Japanese 1. crop Scence,
55(4):433-438.

152.5hibayama. M and Aklyvama.T, 1989, Sezsonal visible-near infra red and Middle infrared Spectra of
rice canapies In relation to LAT and sbove ground dry phytomess. Remate Sensing of Environmepit,
27 119-127,

153.5indair T.R., Hofer R.M. and Schreiber MM, 1971, Refiectance and internal structure of lesvag
from several crops during a growing season. Agronomy 1., 63:864-868,

134.5ingh, R. and Goyal, R.C 1992, Use of remote sensing technofogy in crop yield estimation
surveys. Project report. TASRI, Mew Dl Pp:ld4.

155.5ingh, G.B., Motiwale, M.P., Prasad, 5.R. and Singh, A.B, 1981, Criticsi stages of sugarcane for

imgation reguirement to improve yields, Proceedings of Sugarcane Researchers Conferance, 5:687-
91,

156.5kater, P.N. 1980, Remote SEnsng oftics and optical systems, Addiston-wiley pubs, LSa,

157 Smith, R.C.G, and Chaudhry, B.), 1990, Relationship of multispectral satellite data to land surfscs
evaparation from the Ausiralian continent. Intemational 1. Rermote Sensing, L1{11): 2069-2084,

+158.Srivastava, 5.C. and orivastava, B. 1989, Sugarcane vield in India in relation o climate.  Indian
Sugar crops 1, &(4): 103-104,

139.5ubba Rao, Y.V, and Nagaraja Pao, Y. 1985, Yield prediction of mustard and chickpea under
mtercropging using speciral referance data. Proc, of the National symposium on “Remote Sensing
for Agricultural applications™ held at New Defni, December 6-8, 1990, PP; 273-777.

160.Tilton, 1.C. and Holinger, S.E. 1987, Estimating crop development stages from rnul'l:':q:r.a::tral data,
Machine processing of Remotely sensed data symposium, Michigan, LUSA, P2:477-4584,

161 Venkalaratnem, L., Krishna Rao, M.V., Ravisankar, T,, Thammapps, 5.5. and Gop, 5. 1993,
Cotton crop acresge estimation and condition assessment through remate sensing method. In



Wetional seminar on ollsesd research and devalopment in India: Status and sirategies. 2-5 August,
1953, Hyderabad, India, 217-11%,

162 Venkataratnam, L, Krishna Rao, P.V., Hamana, K.V, Sudhakara Babu, 5.N., Koteswara Rao, K, and
Baba, V.V.R. 1993, Acreage estimation of sunflower Crop using remote sensing techniques,  In
Kational seminar on cdseed research and development in India: Status and strategies, 2-5 August,
1993, Hyderabad, India. PP: 219-220.

163.Wiegand C.L., Shibayarma, M., Yamazata, ¥. and Akiyama, T. 1989. Spectral observations for
estimating the erop growth and yield of rice. Japan. 1. Crop sdence, SB:673-83,

164, District Census Handbook of Statistics, Chief Panning Officer, Prakasham District, Ongole, Andhra
Pradiech, Census of India 2004-2005.

165.N.C. Gautam, Methodology for Land Use Planning, A systematic Approach, Centre for Land Use
Management = Hyderabad, Feb 2002,

166.FAD, 1977 : Framework of Land Evatuation. Sails bulleting 32, Rome
167, FAD, 198% | Guidelines of Land Lise Planning. FAD of the united Mations, Rome.

168 Comellia 0. Kuntre Modelling tea viald using satellite derived LAL Land use and metenrological
data. GIS development ACRS 2000,

169.K.5 Rajan and Ryosuke Shibasaki, Agplication of PAR in estimation of agricuitural productivity
Institute of Industrial Sclence, University of Takyo, Japan,

170, Yuro Hirang, Shiroochi and Ryosukeshibasaki, Estimation of agricultural productivity distribution in
India Institute of Industrial Science, University of Tokyo, Japan,

171.172 Shofi Takenchi, Tomohisa Konishi, Yeshinar Oguro and Yuromira, Estimation of Rice planted
areas in early stage using Radarsat date, Hiroshima Institute of Technolgy, Hiroshima, Japan.

172, MNasir Mabmood Khan and Yoheisato, Land degradation due to hydro-salinity in semi-arid regikons
using GIS and remote sensing, RS, Val,5, 2000.



