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Introduzione 
di Orazio Rossi 
(CINSA - Consorzio Interuniversitario Nazionale per le Scienze Ambientali - Venezia) 
 
 
In questo “Rapporto Finale” sono riportati, in sintesi, i risultati tecnico-scientifici dei gruppi di 
lavoro italiani e indiani che hanno operato nell’ambito del Progetto “Difesa della Biodiversità e 
Sviluppo Agricolo nel Distretto di Jalgaon (India). Un approccio sostenibile e multilivello tramite 
l’adozione e integrazione di metodi di Pianificazione della Conservazione della Biodiversità di tipo 
Sistemico, di tecniche di Classificazione Idro-Pedologica dei Bacini e di pratiche di Agricoltura di 
Precisione” finanziato dal Comune di Milano nell’ambito tema progettuale generale “MILANO 
PER LA DIFESA, INCREMENTO E VALORIZZAZIONE DELLA BIODIVERSITÀ. 
CONTRIBUTI A FAVORE DELLA SOLIDARIETÀ E DELLA COOPERAZIONE 
INTERNAZIONALE. ANNO 2010”. 
 
1 Sintesi dei risultati tecnico-scientifici ottenuti 

I risultati tecnico-scientifici riportati nel presente documento sono il frutto della collaborazione tra 
teams di esperti italiani e team di esperti indiani. L’area di studio è rappresentata dal distretto 
indiano di Jalgaon (Maharashtra).  
Sono fondamentalmente due la aree tematiche in cui possono essere inclusi tutti i contributi e i 
risultati qui riportati: “Difesa della Biodiversità” e “Incremento della produttività agricola” avendo 
come riferimento il distretto indiano di Jalgaon inteso come area di studio. 
Il rapporto tra “Difesa della Biodiversità” e “Incremento della produttività agricola”, già peraltro 
difficile nei paesi occidentali sviluppati a clima temperato, diventa tendenzialmente conflittuale 
nelle zone semiaride tropicali con alta densità di popolazione. 
Il distretto indiano di Jalgaon (11.747,00 km2), è caratterizzato da un clima tropicale semiarido, 
precipitazioni irregolari e limitate (600-900 mm/anno), una alta densità di popolazione (313 ab/km2) 
e una agricoltura tradizionale di tipo estensivo sempre più in cerca di nuove aree naturali da 
coltivare per fare fronte alla crescita della popolazione. Le pratiche agricole tradizionali, pur dettate 
da esigenze reali, provocano una continua erosione della Biodiversità locale e in prospettiva minano 
la sostenibilità nel tempo della stessa produttività agricola. 
La politica agricola attuale del distretto, in assenza di pratiche consolidate di protezione della 
Biodiversità e di strumenti di pianificazione (per esempio la definizione di una Rete Ecologica), sta 
causando una rilevante instabilità ecologica, economica e sociale portando molte comunità indigene 
alla insicurezza alimentare. Non va anche trascurato il rischio di desertificazione a medio termine. 
In risposta a questa problematica uno degli obiettivi principali del progetto è stato quello di 
sperimentare e promuovere in sede locale pratiche agricole di Precision Farming, cioè pratiche 
agricole più moderne finalizzate ad una migliore e più avveduta gestione delle risorse disponibili 
(acqua e suolo) e in definitiva più rispettose della Biodiversità locale. 
Questo importante obiettivo può essere realizzato mediante la progettazione e realizzazione in sede 
locale di una rete di sensori automatici di tipo smart con relativo sistema di trasmissione dati in 
modo da razionalizzare tutte le decisioni riguardanti le misure e le pratiche agricole dell’area. 
 
Nell’ambito di questa problematica i contributi i risultati e i prodotti qui riportati sono di rilevante 
importanza e di indubbia utilità per i decisions makers locali. 
 
I teams indiani guidati dalla Prof.ssa G. Rane (JalaSRI, Watershed Surveillance and Research 
Institute, Moolji Jaitha College of Jalgaon - India), dopo aver completato e validato i dati ecologico-
naturalistici di base che caratterizzano il distretto di Jalgaon, hanno completato la serie di carte 
tematiche prevista dal Progetto sia per quanto riguarda il Valore Ecologico e la Biodiversità 
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dell’area (Irregolarità del suolo; Rarità dell’habitat nell’area di studio; Ricchezza di specie di 
vertebrati; Ricchezza di piante; Percentuale di superficie inclusa in aree protette; Densità del 
reticolo idrografico; NDVI), sia per quanto riguarda la sua Sensibilità Ecologica (Superficie; 
Coefficiente Frattale del perimetro; Rapporto circolare dell’area; Pendenza media; Indice di 
rischio potenziale d’incendio (FPI); Indice Nearest Neighbour (NNI); Vertebrati a rischio secondo 
la lista IUCN; Indice di erosione del suolo). 
 
Il complesso di questa carte tematiche di base sono un prerequisito essenziale non solo per 
conoscere e valutare la Biodiversità dell’area di studio in tutte le sue dimensioni qualitative e 
quantitative ma, ancor più, un necessario strumento di indirizzo per una pianificazione volta a 
tutelare la Biodiversità locale del distretto. 
 
Il team italiano guidato dal Prof. O. Rossi e dall’Ing. A. Pecci (CINSA - Consorzio 
Interuniversitario Nazionale per le Scienze Ambientali, Venezia), sulla base dei dati forniti dai 
partner indiani, ha provveduto a progettare e realizzare una serie di metodologie quantitative 
informatiche di tipo semi-automatico, mutuate da quella di Carta della Natura dell’Italia. 
Questa metodologia ha permesso la individuazione degli Hot-Spot di Attenzione Ecologica, cioè i 
punti del distretto di Jalgaon caratterizzati da alta Biodiversità ma, anche e allo stesso tempo, da 
grande Sensibilità (rischio) Ecologica. Questi punti per queste loro due intrinseche caratteristiche 
richiamano in via prioritaria l’attenzione dei decisori locali responsabili della pianificazione 
territoriale. 
Il team italiano ha anche progettato e realizzato una metodologia informatica semi-automatica, 
adattandola alla realtà del distretto di Jalgaon, mediante la quale è stata studiata una Rete Ecologica 
Sostenibile del distretto stesso con alcune caratteristiche ottimali (massima Biodiversità/minima 
area sottoposta ai vincoli della Rete). Questo risultato è della massima importanza per i decisori 
locali al fine impostare programmi di difesa della Biodiversità del distretto compatibili con un 
maggiore incremento e razionalizzazione della attività agricola produttiva. 
Il Prof. Rossi e l’Ing Pecci hanno infine studiato la dinamica demografica del distretto di Jalgaon 
con riferimento al decennio 2001-2011, con l’obiettivo di individuare sia le tendenze complessive 
della popolazione (crescente/calante) nell’immediato futuro sia le variazioni di intensità della 
crescita/decrescita nelle varie zone del distretto (variazione spaziale). È risultato che 
complessivamente ci si aspetta nell’immediato futuro un aumento della Pressione Antropica sulla 
ambiente naturale come conseguenza dell’aumento complessivo della popolazione ma tale aumento 
sarà assai diverso per i diversi tehsils e villaggi del distretto. 
 
Il team italiano guidato dal Prof. R. Comolli e dal Dr. C. Dipietro (Università degli Studi di Milano 
- Bicocca) ha focalizzato l’analisi su quelle caratteristiche del suolo del distretto di Jalgaon 
(erosione, mancanza/deficienza di sostanza organica, ecc.) che nelle zone tropicali sono spesso 
correlate a insicurezza alimentare dei residenti, povertà rurale e, in definitiva, alla degradazione 
degli ecosistemi. Utilizzando dati raccolti relativi alle caratteristiche dei suoli il team del Prof. 
Comolli e Dr. Dipietro ha realizzato le mappe concernenti alcune caratteristiche importanti 
dell’erosione dei suolo del distretto di Jalgaon utilizzando il metodo USLE (Universal Soil Loss 
Equation). 
In accordo con USDA (Soil Conservation Service) l’erosione tollerabile complessiva è 
approssimativamente 11 t ha-1 y-1. 
È risultato che la situazione dell’erosione del Distretto di Jalgaon in molte zone è molto più elevata 
di questo valore soglia e questa informazione è della massima importanza per impostare politiche 
più razionali e più controllate di sviluppo agricolo. 
Il team del prof. Comolli e del Dr. Dipietro ha realizzato un’altra importante e molto utile serie di 
mappe finalizzate a valutare la fertilità complessiva del distretto di Jalgaon, distinguendo tra fertilità 
chimica e fertilità fisica. Dalla analisi della Carta della Fertilità complessiva è risultato che zone 
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con alta fertilità del suolo sono presenti in tutto il distretto di Jalgaon mentre zone a bassa-media 
fertilità sono rintracciabili nella parte centrale. 
Un terzo contributo importante del team del Prof. Comolli e Dr. Dipietro consiste nel rendere 
utilizzabile per l’area del distretto di Jalgaon la metodologia USLE –RUSLE (Revised Universal 
Soil Loss Equation) per la valutazione della qualità del territorio dividendolo in 8 classi. Il territorio 
del distretto appartenente alle prime 4 classi può essere utilizzato senza limiti nel tempo mentre i 
territori appartenenti alle ultime 4 classi pongono serie limitazioni ai fini della sostenibilità nel 
tempo. 
 
Il team indiano composto da S.P. Pawde1, C.D. Mahajan1, Y.S. Talele1, P.D. Patil1, R. Sudi2, S.P. 
Wani2, N.G. Bendale3 (rispettivamente afferenti a: 1. JalaSRI, Watershed Surveillance and Research 
Institute, KCE Society’s, M. J. College, Jalgaon, MS; 2. International Crops Research Institute for 
Semi Arid Tropics, (ICRISAT), Patancheru, Hyderabad, AP; 3. KCE Society, Jilha Peth, Jalgaon, 
MS) ha anzitutto individuato un villaggio rappresentativo delle condizioni attuali della agricoltura 
nel distretto di Jalgaon. Successivamente ha analizzato in dettaglio le caratteristiche agro-climatiche 
del villaggio acquisendo dati di grande interesse per indirizzare una sperimentazione agronomica 
finalizzata a ottimizzare l’efficienza nell’utilizzo dell’acqua e dei fertilizzanti usati nell’pratica 
agricola locale. A tal fine è stato installata e testata una Rete di Sensori di tipo Smart indispensabili 
per promuovere pratiche di Precision Farming. I risultati della sperimentazioni agronomiche così 
ottenuti andranno poi confrontati sia con la cartografia dei suoli del distretto realizzate dal team del 
Prof. Comolli, sia con le caratteristiche degli Hot-Spot di Attenzione Ecologica per la Biodiversità 
localizzati nello stesso distretto dal team italiano del Prof. O. Rossi, sia con i risultati dell’analisi 
della Rete Ecologica dell’Ing. Pecci. 
 
2 Risultati Attesi e Risultati Conseguiti 

I risultati tecnico- scientifici e i prodotti alla fine conseguiti, sia in tema di difesa della Biodiversità 
che di incremento e razionalizzazione della produzione agricola in terra indiana, dopo essere stati 
controllati e discussi nel meeting intermedio di Parma dell’Aprile 2013, sono in effetti in perfetto 
accordo con quanto previsto dal Progetto stesso. 
 
Di sicuro interesse sono in prospettiva le attività di ulteriore partecipazione e sensibilizzazione dei 
residenti indiani in tema di educazione alle pratiche agronomiche di Precision Farming. 
 
3 Effetti di ricaduta, anche in Italia, della attività svolte e dei risultati conseguiti 

È il caso di ribadire che le metodologie, le tecnologie e i prodotti di questo progetto possono 
rappresentare un esperimento pilota o anche una specie di Prototipo Sperimentale da proporre in 
molte altre comparabili situazioni ambientali, non solo in India ma specialmente anche in Italia, 
nelle quali si rende necessario bilanciare le esigenze di salvaguardare la Biodiversità con il 
soddisfacimento delle esigenze vitali delle popolazioni. 
Sotto questo aspetto è certamente consigliabile tener presente questa esperienza in terra indiana per 
proporre un rete integrata wireless di sensori anche per l’agricoltura industrializzata lombarda, per 
meglio pianificare gli interventi irrigui, in modo da garantire un risparmio di acqua e una maggiore 
resa delle colture agricole. 
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Introduction 
Orazio Rossi 
CINSA - National Interuniversity Consortium for Environmental Sciences - Venice 
 
 
In this “Final Report” are collected all the results due to the Italian and Indian operative groups who 
have made technical-scientific activities in the ambit of the Project “Biodiversity Protection and 
Agriculture Development in Jalgaon District (India): a sustainable multilevel approach integrating 
Systematic Conservation Planning, Hydro-Pedological Watershed Classification and adoption of 
Precision Farming practices” financed by Milan Municipality in the ambit of the general theme 
“MILANO PER LA DIFESA, INCREMENTO E VALORIZZAZIONE DELLA BIODIVERSITÀ. 
CONTRIBUTI A FAVORE DELLA SOLIDARIETÀ E DELLA COOPERAZIONE 
INTERNAZIONALE ANNO 2010”. 
 
1. Results 

The results here reported are the fruits of the technical-scientific collaboration between teams of 
Italian and Indian experts. 
Are fundamentally two the thematic areas in which can be included all the results here reported: 
“Defence of Biodiversity” and “Agriculture Development”. 
The necessity to balance the biodiversity conservation with the exigency of the agriculture 
development is not an easy problem to solve also in the modern western countries characterized by 
a temperate climatic conditions. The same problem becomes really crucial and can assume 
conflicting aspects when it is faced in the tropic zones with semi-arid climate. 
All the results and the considerations suggested in this Report are referred to the Jalgaon district 
(Maharashtra State – India) which is considered the study area. 
The Indian district of Jalgaon (11,747.00 sq.km) is characterized by a tropical semi-arid climate, 
irregular and limited rainfall (600-900 mm/year), high population density (313 inhab/sq.km) and a 
traditional agriculture of extensive type which is always searching for new natural areas to be 
cultivated in order to face the alimentary exigencies of a population always growing. The traditional 
agricultural practices are strictly correlated to the real needs but they cause a continuous erosion of 
the local biodiversity and undermine the sustainability in time of the same agricultural productivity. 
The agricultural policy of the Jalgaon district, characterized till today by a lacking of effective 
practices in protecting biodiversity and by absence of planning instruments (for example the 
definition of a Sustainable Ecological Network), is causing an heavy ecological, economical, and 
social instability bringing many indigenous communities to the alimentary insecurity. Also the 
desertification risk, in the middle term, must be attentively considered. 
Answering these environmental and social problems one of the most important objectives of the 
project is the experimentation and the promotion, in the Jalgaon district, of agricultural practices of 
Precision Farming, that is, agricultural practices more modern, finalized to a better and more 
rational management of the local available resources (water and soil) and, after all, more respectful 
of the local Biodiversity. 
This important objective can be reached through the design and realization, in the Jalgaon district, 
of a smart sensors network provided with a data transmission system and able to rationalize all the 
decisions concerning the measurements and the agricultural practices of the study area. 
 
Taking into account these environmental and social problems the results and the suggestions due to 
the Italian and Indian teams and here reported are of remarkable importance and of sure utility. 
 
The Indian teams coordinated by Prof. G. Rane (JalaSRI, Watershed Surveillance and Research 
Institute, Moolji Jaitha College of Jalgaon - India), after having validated the basic ecological-
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naturalistic data which characterize the Jalgaon area, have completed the thematic charts foreseen 
by the project both for what concerns the Ecological Value and the Biodiversity of the District (Soil 
roughness; Habitat rarity within the area; Vertebrate Species richness; Plants richness; Percentage 
of surface included in Protected Areas; Hydrological network density; Normalized Difference 
Vegetation Index (NDVI)) and its Ecological Sensitivity (Area; Fractal Coefficient of perimeter; 
Circularity Ratio of area; Average slope; Fire Potential Index (FPI); Nearest Neighbour Index 
(NNI); Vertebrate IUCN; Soil erosion Index). 
 
Each one of these charts represents the spatial variations, in the Jalgaon area, of a specific trait of 
the local Biodiversity. These basic thematic charts are an essential prerequisite not only to know 
and to evaluate the Ecological Value of Jalgaon area in all its qualitative and quantitative 
dimensions but, moreover, represent a necessary instrument for an environmental planning more 
sensitive to the exigencies to defend the district Biodiversity. 
 
The Italian team coordinated by Prof. O. Rossi and Dr. A. Pecci (CINSA - Interuniversity National 
Consortium for the Environmental Sciences - Venice) has utilized the data and the information 
deriving from the study area in order to plan and to realize a computerized methodology able to 
individuate the Hot Spots of Ecological Attention, that is, the points within the Jalgaon area which 
are characterized, in the same time, both by high Biodiversity Value and high Ecological Sensitivity 
(Ecological Risk). The Hot Spots of Ecological Attention are crucial points and they must recall the 
attention of the decision makers in a priority way. 
Moreover the same Italian team has realized a computerized semi-automatic quantitative 
methodology by which it is possible to individuate a Sustainable Ecological Network for the 
Jalgaon area. The Sustainable Ecological Network realized is characterized by optimal 
environmental performances (maximum biodiversity/smallest area subjected to constraints). 
This computerized product is very important and extremely useful for the local decision makers in 
order to plan and to control programs of defence of the local Biodiversity which are more 
compatible with the exigencies to development a modern and more rational local agriculture. 
The Italian team (Rossi and Pecci) has also studied the demographical dynamic of the Jalgaon 
district referred to the decade 2001-2011. The aim of this analysis is to individuate both the general 
trend (increasing/decreasing) of the population of the district and the spatial variations of this trend 
in the various villages and tehsils. It resulted that it is expected, in the near future, a general increase 
of the Anthropic Pressure on the natural environment of the district but this trend vary very often in 
the space (villages, tehsils). In building the Sustainable Ecological Network of the district it is 
necessary to take into account this important result. 
 
Prof. R. Comolli and Dr. C. Dipietro team (Milan - Bicocca University) has focused its attention 
and analysis on those soil characteristics of the Jalgaon District (erosion, nutrient depletion, loss of 
soil organic matter, etc.) which, in the tropical zones, are often correlated to food insecurity, and 
ecosystem degradation. Utilizing the data concerning the soil characteristics of the district and the 
USLE method (Universal Soil Loss Equation) Prof. Comolli team has realized some charts 
concerning important characteristics of the soil erosion of the Jalgaon district. 
According to USDA (Soil Conservation Service-USA) the tolerable overall erosion should be 
approximately 11 t ha-1 y-1. 
It resulted that for what concerns the Jalgaon district the soil erosion is, in many zones, much more 
elevated than 1 t ha-1 y-1. This result is very important for the local decision makers to plan more 
controlled and rational politics of agricultural development. 
Prof. Comolli and Dr. Dipietro team has realized a second important series of maps of the Jalgaon 
district which are finalized to evaluate the degree and the variations of the soil fertility in the 
district. Physical Fertility and Chemical Fertility have been distinguished. 
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A third important contribute due to Prof. Comolli and Dr. Dipietro team is represented in the 
possibility to use the USLE-RUSLE international methodology for the evaluation of the quality of 
the Jalgaon territory. According to the USLE-RUSLE methodology the district territory can be 
divided in 8 classes of decreasing quality. The territories belonging to the first 4 classes can be 
utilized in time without limits while those of the 4 last ones present serious limitations in order to 
conserve their identities.The analysis of the Map of the Complessive Fertility so obtained shows that 
in the Jalgaon district many sparse zones with very high and high soil fertility are present while 
zones with mean-low soil fertility can be found in the central part of the district. 
The Indian team composed by S.P. Pawde1, C.D. Mahajan1, Y.S. Talele1, P.D. Patil1, R. Sudi2, S.P. 
Wani2, N.G. Bendale3 (respectively belonging to: 1. JalaSRI, Watershed Surveillance and Research 
Institute, KCE Society’s, M. J. College, Jalgaon, MS; 2. International Crops Research Institute for 
Semi Arid Tropics, (ICRISAT), Patancheru, Hyderabad, AP; 3. KCE Society, Jilha Peth, Jalgaon, 
MS) has chosen a village which is representative of the current agricultural conditions in the 
Jalgaon district. The Indian team has analyzed in detail the agro-climatic characteristics of the 
village obtaining data of great interest in order to direct a agronomic experimentation finalized to 
make the local agricultural practices more efficient in the utilization of water and fertilizers. In view 
of this important objective a Sensors Network of smart type has been installed and tested. These 
technological instruments are essential to promote practices of Precision Farming. The agronomic 
results so obtained will be compared with the Hot Spots of Ecological Attention to defence the local 
Biodiversity individuated and localized by Prof. Rossi team, but also with the soil maps realized by 
Prof. Comolli team and finally with the Sustainable Ecological Network elaborated by Dr. Pecci. 
2. Expected Results and Achieved Results 
The technical-scientific results and the products obtained, both for what concerns the defence of 
Jalgaon Biodiversity and more modern and rational agriculture development in the district is a 
perfect agreement with what was expected. 
 
Another result of great importance is the prevision of a further greater participation of the Indian 
residents of the district in theme of education to Precision Farming. 
 
3. Extension of the methodology and of the results to other countries/situations 
It seems important to observe that the methodologies the technologies and the results obtained in 
this project might represent a pilot experiment or something like an “Experimental Prototype” to be 
proposed in many other comparable environmental situations (India, Italy, somewhere else) in 
which it is necessary to balance the preservation of the biodiversity with the fulfilment of the vital 
alimentary exigencies of a population. 
Under this aspect it seems advisable that the “Indian experience” and the consequent results can be 
an excellent point of reference to propose a sensors network also for the industrialized Lombardy 
Region (Italy) agriculture in order to plan, in rational way, the irrigations, to guarantee a water 
saving and a greater agricultural productivity. 
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ANALYZING THE SIGNIFICANT ECOLOGICAL INDICATORS AND 
DEVELOPING THE STRATEGIES FOR PROTECTION OF BIODIVERSITY 
IN JALGAON DISTRICT (MAHARASHTRA STATE - INDIA). 
 
G. M. Rane1, T. T.Chaudhari1, S. M. Qureshi1, B. R. Joshi1, Ganesh R. Sonar2, Ashish Kumar3 
(1. JalaSRI, Watershed Surveillance and Research Institute, KCE Society’s, M. J. College, Jalgaon, 
MS; 2. KCE Society’s, M. J. College, Jalgaon, MS; 3. Ministry of Environment and Forests, 
Government of India, New Delhi) 
 
 
1. Introduction 

1.1. Background 
This project was planned and implemented under the aegis of upcoming Universal Exposition of Milan 
2015, popularly known as Milan Expo 2015. “Feeding the Planet, Energy for Life” is the central theme 
of this exposition, which embraces the whole sphere of sustainable development and nutrition. 
Providing nutrition to rapidly growing populations in developing and undeveloped countries has 
become a matter of serious concern to their governments. In order to fulfill Expo’s criterion of 
encouraging global cooperation towards finding solutions to problems connected to sustainable 
development and food shortage, Interuniversity National Consortium of Environmental Sciences 
(CINSA), Venice (Italy) and JalaSRI, Watershed Surveillance & Research Institute, Jalgaon (India) 
have came out with a proposal to carry out research and application for the conservation of biodiversity 
and promotion of agriculture in Jalgaon district, Maharashtra (India).  

1.2. Significance and purpose of the study 
Biodiversity is the variety and differences among living organisms from all sources, including 
terrestrial, marine, and other aquatic ecosystems and the ecological complexes of which they are a part. 
This includes genetic diversity within and between species and of ecosystems. Thus, in essence, 
biodiversity represents all life. India is one of the mega biodiversity centres in the world and has two of 
the world's 18 ‘biodiversity hotspots’ located in the Western Ghats and in the Eastern Himalayas 
(Myers 1999). The forest cover in these areas is very dense and diverse and of pristine beauty, and 
incredible biodiversity.  

According to State of Environment Report, Ministry of Environment and Forests, Government of India 
(2009), India is one of the 17 identified mega diverse countries of the world. From about 70 per cent of 
the total geographical area surveyed so far, 45,500 plant species (including fungi and lower plants) and 
91,000 animal species, representing about seven percent of the world's flora and 6.5 per cent of the 
world's fauna, respectively have been described, India has some 59,353 insect species, 2,546 fish 
species, 240 amphibian species, 460 reptile species, 1,232 bird species and 397 mammal species, of 
which 18.4 per cent are endemic and 10.8 per cent are threatened. 

The government of India has established a network of 668 Protected Areas (PAs), extending over 
1,61,221.57 sq km (4.90% of total geographic area of India) for the protection of biodiversity. The 
Protected Areas are divided into four categories: National Parks, Wildlife Sanctuaries, Conservation 
Reserves and Community Reserves. The network comprises of 102 National Parks, 515 Wildlife 
Sanctuaries, 47 Conservation Reserves and 4 Community Reserves. 39 Tiger Reserves and 28 Elephant 
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Reserves have been designated for species specific management of tiger and elephant habitats.  

Over the last century, a great deal of damage has been done to the biodiversity existing on the earth. 
Increasing human population, increasing consumption levels, and decreasing efficiency of use of our 
resources are some of the causes that have led to overexploitation and manipulation of ecosystems. 
Trade in wildlife, such as rhino horn, has led to the extinction of species. Consequences of biodiversity 
loss can be great as any disturbance to one species gives rise to imbalance in others. In this the exotic 
species have a role to play. 

The Jalgaon district in Maharashtra state has been chosen as study areas under this project. The 
progressive population increase and the consequent growth in food requirements are causing a strong 
ecological, social and economical instability in Jalgaon district. It has brought many native 
communities to food insecurity putting at risk the present biodiversity.  

Environmental matrices pollution, habitat fragmentation and wildlife loss are often due to improper 
agricultural practices and land use. In addition, a recent wildlife species census in the area underlines 
that tiger population is at risk of local extinction in Jalgaon district. Also many other species like 
panther, deer and porcupine are in danger. Indeed, when top predators are at risk, all the below food 
chain results fragile with serious consequences on the local biodiversity (Giavelli et al. 1988; Schmitz 
and Suttle 2001; Arim and Jaksic 2005; Elmhagen and Rushton 2007; Cabeza et al. 2008; Chapron et 
al. 2008). 

In Jalgaon district, the specialization, the concentration and the intensification of agricultural 
production during last few decades has been recognized as major threat to the native biodiversity. It is 
clear and evident that, a proper and systematic biodiversity conservation planning is highly essential for 
the improvement, maintenance and sustainability of any area. However, the importance of inventorying 
biodiversity has been realized, still there are many areas, which lack even baseline biodiversity 
information that is highly imperative for better conservation and long-term sustainability of the natural 
resources and the human community. Further, in some cases even if information is available it is either 
on some species or particular habitat within a large landscape that is insufficient to derive strategies for 
proper management and conservation. 

The present study aims at evaluating existing biodiversity within natural and semi natural habitats in 
the entire Jalgaon district using Remote Sensing (RS), Geographic Information System (GIS) and 
Global Positioning System (GPS) in combination of necessary ecological field assessment methods. It 
would provide the information regarding the distribution and abundance of different floral and faunal 
species. No such study has been carried out yet in the study area. Hence, the current status of many 
habitats and species are unknown and there is concern that some species and habitats may get disappear 
before they are discovered and documented. Such study is extremely important to prevent loss of 
species and to prepare a more comprehensive biodiversity conservation plan and strategies. 

The use of recent techniques like GPS surveying and GIS would be very crucial in the study. 
Geographical analysis would help in determining the distribution of species and biodiversity status.  

In due course of time, it is expected that the research finding of this project would help government 
authorities and decision makers in operation and functioning of digital governance in the Jalgaon 
district. 
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1.3. Objectives 

■ Evaluation of the biodiversity content of the Jalgaon district and realization of maps of biodiversity 
and its most important components at appropriate scale; 

■ Evaluation of the ecological value and ecological sensitivity of the Jalgaon district and cartographic 
representation of ecological value and ecological sensitivity indicators at appropriate scale. 

2. Study area 
2.1. Location 

Jalgaon district is located in the northern region of the state of Maharashtra. It is bounded by Satpuda 
mountain ranges in the north, Ajanta mountain ranges in the south, Dhule district in the west and 
Buldhana district in the east. The district, lies between 20º 16’ 13.88” N - 21º 24’ 56.51” N latitude and 
74º 45’ 42.48” E - 76º 23’ 44.77” E longitude. The area of Jalgaon district is 11757.39 sq km. The 
average altitude of the district is 507 m Jalgaon district consists of 04 subdivisions and 15 tehsils. 

 
Figure 2.1. Location map of study area. 

2.2. Boundaries 
Stretching nearly 80 miles along the Tapi river, and varying in breadth from seventy to ninety miles, 
Jalgaon forms an upland basin, one of the most northerly sections of the Deccan table-land. Along the 
whole northern frontier, the district is bounded by the Satpuda ranges, a mountain tract from thirty to 
forty miles wide. On the north-eastern side, the district is bounded by the territories of the Madhya 
Pradesh State. Quite a major portion of the northern boundary is marked by the tributary Aner which in 
the west continues to separate Jalgaon from Dhule till its junction with the Tapi. On the east and south-
east, a range of low and detached hills and some major streams, without any marked natural boundary, 
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separate Jalgaon from the districts of Vidarbha. To the south, the Ajanta, Satmala and Chandor ranges 
may roughly be said to mark the line between Jalgaon and the Marathwada territory. Within these 
limits, in several places along the south boundary, the Marathwada territory runs north of the Ajanta 
range. On the west Jalgaon shares its boundary with the Nasik district over a stretch of about 25 miles, 
and then with the Dhule district for about 50 miles, the Panjhra river being the only natural feature 
demarcating it over a major stretch. 

2.3. Climate 

2.3.1. Seasons 
The climate of the district is generally dry except in the monsoon. There are generally three seasons 
viz. monsoon (kharif), winter (rabbi) and summer (zaid). Monsoon is from June to September, winter is 
from October to January and summer is from February to May. There are occasional changes in this 
schedule of seasons. 

2.3.2. Rainfall 
The average annual rainfall in the district is 740.7 mm. (29.16'’). About 87 per cent of the annual 
rainfall is received during the monsoon months of June to September, July being the month with the 
highest rainfall. The central parts of the district comprising the tehsils of Jalgaon, Bhusawal, Jamner 
and Pachora get a little more rain than the rest of the district. Jamner, the station with the highest 
rainfall in the district, gets annually 802 mm (31.58") while Amalner, the station with the least rainfall 
gets 675 mm. (26.58"). The variation of rainfall over the district from year to year is large. During the 
fifty-year period, 1901 to 1950, the year 1931 was the one with the highest rainfall amounting to 161 
per cent of the normal. In 1918, the year with the lowest rainfall, only 53 per cent of the normal rainfall 
was received. In the same fifty-year period there were 11 years when the district as a whole received 
less than 80 per cent of the normal rainfall. Rainfall less than 80 per cent of the normal occurring in 
two consecutive years is not rare. Considering the district as a whole this has occurred twice. At some 
individual stations three such occasions have been recorded. Jamner had three consecutive years of low 
rainfall during 1923 to 1925 while at Muktainagar the period 1922 to 1926 was one of low rainfall. 
On an average on 45 days in the year the district gets rainfall of 2.5 mm. (10 percents) or more. This 
number varies from 48 at Jamner to 42 at Chopda, Amalner and Parola. The heaviest rainfall in 24 
hours at any station in the district amounted to 298.5 mm. (11.75") and occurred at Jamner on July 1, 
1941. 

2.3.3. Temperature 

Jalgaon (Mumarabad) is the only meteorological observatory in the district. The data for this station 
may be taken to the fairly representative of conditions prevailing in the district. December is the coldest 
month with the mean daily minimum temperature at 11.9° C. (53.4° F.) and the mean daily maximum 
at 29.8° C. (85.6° F.). Cold waves which pass over northern India sometimes affect the district and 
minimum temperatures may drop to within two degrees of the freezing point of water, and slight frosts 
may occur. Temperatures begin to rise steadily from about the beginning of March and by May, the 
hottest month of the year, the mean daily maximum temperature reaches 42.5° C. (108.5° F.). The 
highest maximum temperature recorded at Jalgaon was 47.8° C. (118.0° F.). Temperatures drop 
appreciably with the onset of the monsoon after the first week of June. The monsoon period is 
generally pleasant. With the withdrawal of the monsoon by the end of September day temperatures rise 
a little in October and both day and night temperatures begin to drop rapidly by November. 

 



19

5 
 

2.3.4. Humidity 

Except during the monsoon the air is generally dry, particularly in the afternoons. Summer is the driest 
part of the year. 

2.3.5. Winds 
In summer, winds are generally light in the mornings and blow from directions between south-west and 
north-west. In the afternoons they strengthen and sometimes veer to a northerly or north-easterly 
direction. In the monsoon months winds are stronger and blow predominantly from south-westerly or 
westerly directions. During the post-monsoon and winter months the winds are light and the occasions 
of calms in the mornings increase. The directions from which the winds blow in the mornings are 
mainly between south-west and north-west. But in the afternoon they strengthen and blow mainly from 
directions between north and east. 

2.4. Special Weather Phenomena 

In association with monsoon depressions and to lesser extent post-monsoon storms, the district 
experiences strong winds and widespread rain. Thunderstorms can occur at any time of the year, but 
they are more common in the summer and post-monsoon months. Dust storms or dust-raising winds 
occur sometimes in the hot months. 

2.5. Geology 

The physiography of the district is made up of high hill ranges on the north, alluvium in the centre and 
low hill ranges to the south of the Tapi. On the north, the hill ranges stretch east-west and form part of 
the Satpudas, the highest peak being about 3500 feet. Aner river flows from east to west and forms the 
northern boundary of the district. Through the central part, the river Tapi flows in east-westerly 
direction forming a strip of alluvium-covered lands on both sides of it. Though alluvium stretches for 
miles on both sides of the Tapi on the west, it thins out on the east and the rock appears near Bhusawal. 
Among important tributaries to the Tapi are the Purna on the east and the Girna on the southwest. 
South of the Tapi valley are the low ranges of hills with intervening valleys. These ranges are of lesser 
altitudes than those of the Satpudas. Besides the Tapi and its main tributaries, numerous streams 
originating from the hill ranges find their way to the main rivers. 

2.6. Topography and drainage 

Although Jalgaon district belong to the Deccan Uplands of the Maharashtra State, it is distinguished 
from the rest of the upland districts by its westward aspect. While the rest of the upland region is 
drained by the major rivers to the east, the Tapi and its tributaries drain the Jalgaon region to the west 
towards Arabian Sea. The landscape is typically that of the Deccan lavas with residual hill ranges and 
broad valleys, with trap dykes introducing a sharp local contrast as small chains of hillocks. Thus 
Jalgaon includes varied topographical features and landscapes, consisting of wild hills and forests, rich 
gardens and groves, stretch of barren plain, low rolling rocky hills and tensely gullied (bad land) 
topography near major river banks. Regionally, from east to west, parallel with the Tapi, are three well 
marked belts of country; in the centre the rich Tapi valley, in the north the high and wild Satpuda, and 
in the south and south-west bare ridges and rich well-watered valleys flanked by the Ajanta range. 

2.7. Forest and Wildlife 
With over 10% forest cover, Jalgaon has reputation of being one of the most biologically rich districts 
of State Maharashtra. Due to its strategic location in the centre of Deccan Plateau, Jalgaon district 
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exhibits the climatic, geological, biological and socio-political characteristics of central, southern and 
western parts of country. The major forest types belong to dry deciduous and scrub forest types. The 
Scrub forests are mainly located on the southern side of the Tapi River are mostly scrub type. Due to 
scanty rainfall and high temperature, the vegetation is of poor quality with the trees being naturally 
stunted. The principal plant species are Acacia catechu, Anogeissus latifolia, Boswellia serrata, 
Hardwickia binata, Zizipus jujuba and others. Dry deciduous forests occur in the Satpuda hills towards 
the northern side of the Tapi River. The dominant species consists of Tectona grandis, Acacia catechu, 
Anogeissus latifolia, Mimosa hamata, Adina cordifolia, Mitragyna parviflora, Dalbergia latifolia, 
Terminalia tomentosa, Terminalia arjuna, Boswellia serrata, and Butea monosperma. There are 
substantially inaccessible forests which are situated in the heart of Satpuda Hills of Yawal range and in 
Satmala Hills of Chalisgaon range (Kshirsagar and Patil 2007; and Reddy, 2006). 
The wetlands of Jalgaon provide to more than 200 species of birds, of which more than 60 species are 
migratory visiting Jalgaon during winter and summer. Prominent migratory birds are Greater Flamingo 
(Phoenicopterus rosrus), Common Pochard (Aythya ferina), Gargeny (Anas querquedula), Shoveler 
(Anas cycleata), Painted Stork (Mycteria leucocephala), Wooly necked stork (Ciconia episcopus), 
Marsh Sandpiper (Tringa stagnatilis), Marsh Harrier (Circus aeruginous), Honey Buzzard (Pernis 
apivorus), Black Redstart (Phonicurus ochruros), and Wagtails. The endangered and rare birds of 
Jalgaon include Sarus Crane (Grus antigone), Forest Owlet (Athene blewitti), White-rumped Vulture 
(Gyps bengalensis), Long-billed vulture (Gyps indicus), White Stork, Black-necked Stork 
(Ephippiorhynchus asiaticus), Ruddy Shelduck (Tedorna ferruginea), Greater Flamingo 
(Phoenicopterus rosrus), Bar-headed Goose (Anser indicus), Red-crested Pochard (Netta rufina), 
Black-eared Kite (Milvus lineatus), White-eyed Buzzard (Butastur teesa), Osprey (Pandion haliaetus), 
Demoiselle Crane (Grus virgo), Lesser florican (Sypheotides indica), and Indian pied hornbill 
(Anthracoceros coronatus) (Rithe 2004 and Apte et al. 2005). 
Yawal Wildlife Sanctuary supports variety of wild mammals that include good populations of Chinkara 
(Gazella bennettii) and Jackal (Canis aureus), Sambar (Cervus unicolor), Barking deer (Muntiacus 
muntjak), Chital (Axis axis), Mouse deer (Tragulus meminna), Flying squirrel (Ratufa indica), Indian 
pangolin (Manis crassicaudata), Ratel (Mellivora capensis), Tiger (Panthera tigris), Leopard 
(Panthera pardus), Wild dog (Cuon alpinus), and Caracal (Caracal caracal). Presence of caracal is not 
yet confirmed by the State Forest Department. Bombay Natural History Society has also recorded the 
presence of Giant tree geckos (Hemidactylus gigantica), near the Bhadak nullah, which is the first 
record of its kind in Satpuda region. Among bird species, some of the notable species are Ring dove 
(Streptopelia capicola), Spotted dove (Streptopelia chinensis), Rufous turtle dove (Streptopelia 
tranquebarica), Bush lark (Mirara assamica), Red-winged bush lark (Mirafra erythroptera), White-
bellied drongo (Dicrurus caerulescens), white-browed fantail flycatcher (Rhipidura aureola), Grey-
headed myna (Sturnus malabaricus), Brahmini myna (Sturnus pagodarum), Shikara (Accipiter badius), 
Crested serpent eagle (Spilornis cheela), and Long-tailed nightjar (Caprimulgus macrurus) (Rithe 2004 
and Apte et al. 2005). 
Gautala Wildlife Sanctuary, situated in the southern part of the district also houses a variety of wildlife 
including Chinkara (Gazella bennettii), Nilgai (Boselaphus tragocamelus), Sloth bears (Melursus 
ursinus), Jungle cat (Felis chaus), Wanderoo (Macaca silenus), Leopard (Prionailurus bengalensis), 
Brown palm civet (Paradoxurus jerdoni), Muntjak (Barking deer) (Muntiacus muntjak), Hare (Lepus 
nigricollis), Fox, Jackal, bats, Wild boar, Gray langur (Semnopithecus entellus), Wolf (Canis lupus 
pallipes) and Wild dog (Cuon alpinus). 240 bird species have been observed in and around the 
sanctuary, among them are Cranes, Spoonbills, Storks, Ibis, Pochards, Peafowl, Quail, Partridges, and 
various species of wading birds. Snakes include the Cobra (Naja naja), Common krait (Bungarus 
caeruleus), and Rat snake (Ptyas mucosus). 
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Trees include teak (Tectona grandis), anjan (Hardwickia binata), Oil cake tree (Albizia amara), 
Sandalwood (Santalum album), Bel (Aegle marmelos), Awla (Phyllanthus emblica), Bhallatak 
(Semecarpus anacardium), and Moha (Madhuca longifolia). 

2.8. Agriculture 
Agriculture is the predominant occupation in Jalgaon district. According to official agriculture reports, 
the agricultural land covers 8,777 sq km. Out of total agricultural area (74.60%), only 22.21% is 
irrigated & 52.38% is dry land. 
Jalgaon district produces 16% of the total banana production in India. It is also one of the world’s 
highest producers of bananas. As per the Maharashtra State Banana Producers Co-operative Federation 
(Maha Banana), of the total area under Banana cultivation in the State, 66% (49,000 hectare) is in 
Jalgaon district. Raver and Yawal tehsils are especially famous for the production of bananas. 
After bananas, cotton is another important crop in the district from an economic perspective. Cotton is 
grown on 1/5th of the total cultivated land in the district. Jamner, Chopda, Erandol, Pachora and 
Bhusawal are the important cotton producing tehsils. 
Sorghum (jowar) is the most important food grain in the district. The district is also at the forefront for 
cultivation of oil seeds. Chalisgaon, Amalner, Erandol and Parola tehsils have a large cultivation of 
groundnuts. 

3. Data & Methodology 

3.1.  Data 
■ IRS-P6 LISS-III image (resolution 23.5 m) of November 2011 is used to generate habitat and base 

maps. 
■ CartoDEM (30 m) downloaded from National Remote Sensing Centre website. 
■ SOI toposheets of Jalgaon district. 
■ Attribute data obtained from various government and non-government agencies. 

 

Sr No Data Path/Row Date of data 
acquisition 

Wavelength width 
in µm/band 

Spatial 
resolution (m) 

Swath 
(km) 

1. IRS-P6 
LISS-III 

096/57(Shift:20%)  
& 

58(Shift:20%) 

1 Nov, 2011 
 

0.52-0.59 (Green) 
0.62-0.68 (Red) 
0.77-0.86 (NIR) 
1.55-1.70 (MIR) 

23.5 141 
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Figure 3.1. IRS P6 LISS III image of Jalgaon district, November 2011. 

3.2. Methodology 
Mapping work for the entire Jalgaon district is carried out at 1:50,000 scale. We generated various 
thematic layers (base maps) with the help of information collected from various sources like Survey of 
India toposheets, from State Forest Department of Maharashtra and other government and 
nongovernment agencies. IRS P6 – LISS III (resolution 23.5 m) of November 2011 is used to identify 
and delineate LU/LC classes. We followed the standard classification scheme developed by National 
Remote Sensing Centre, Hyderabad for delineating land use and forest vegetation categories in India. 
The satellite image is geometrically and radiometrically corrected using Erdas 9.2. Image enhancement 
is done prior to classification and False Color Composite (FCC) is generated using R, G, B bands for 
image interpretation. Different features are identified using FCC image like forests appear dark red to 
brown color, regions with less or no vegetation appear light red to brown colors, thick vegetation is 
marked by dark red color while surface waterbodies appear dark blue to bluish black in color. Further 
the maps are finalized after extensive ground truthing. 
The biodiversity field survey is carried out by dividing the entire area of the Jalgaon district into 
sampling grids and 354 grids are surveyed along the 56 survey routes. The nearest corner of the 
selected grids, to the approach road, is reached following the coordinates of the respective grid using 
the GPS. Once the grid is located, sampling is done inside the grid for plants (trees, shrubs and herbs) 
and vertebrates (birds, herpetofauna and mammals) data. 
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Grid wise field survey to collect data 
about plants and vertebrates 

Generation of Base Maps 

Feature extraction using LISS III satellite data 

Integration of field data with spatial 
data to generate GIS database 

Calculation of ecological indicators 

Ecological Value (EV) indicators 
• Soil roughness 
• Habitat rarity within the area 
• Vertebrate Species richness 
• Plants richness 
• Percentage of surface included in 

Protected Areas 
• Hydrological network density 
• Normalized Difference Vegetation 

Index (NDVI) 
	  

Ecological Sensitivity (ES) indicators 
• Area (in Sq.Km) 
• Fractal Coefficient of perimeter 
• Circularity Ratio of area 
• Average slope 
• Fire potential Index(FPI) 
• Nearest Neighbour Index (NNI) 
• Vertebrate IUCN 
• Soil erosion index 
	  

Generation of Maps 

Maps of Ecological 
Sensitivity (ES) indicators 
 

Maps of Ecological Value 
(EV) indicators  

Figure 3.2. Flow chart of Methodology. 

 
 
 
 
 



24

10 
 

3.3. Annex 1: Photographs collected during field survey 

 
Figure 3.3. Tiger (Source: Mr. Rajendra Nannaware and Department of Forest, Jalgaon division) 

 
Figure 3.4. Plain Prinia 
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Figure 3.5. Indian Roller 

 
Figure 3.6. Black Drongo 
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Figure 3.7. Pugmark of Leopard 

 
Figure 3.8. Indian Cobra 
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3.4. Annex 2: Base Maps 

 
Figure 3.8. DEM of Jalgaon district 

 
Figure 3.9. Slope Map of Jalgaon district 
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Figure 3.10. Wildlife sanctuary Map of Jalgaon district 

 
Figure 3.11. Drainage Density Map of Jalgaon district 
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Figure 3.12. NDVI Map of Jalgaon district 
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4. Result and Discussion 

4.1. Habitat map (land use/land cover map) 
Habitat map (LU/LC map) of Jalgaon district is prepared using LISS III satellite image (23.5m 
resolution) of 2011. We have followed the standard classification scheme developed by National 
Remote Sensing Centre, Hyderabad for delineating land use and forest vegetation categories in India. 
We standardized the interpretation keys through extensive ground truthing to prepare land use/land 
cover and forest habitat maps through visual interpretation and manual digitization. The map shows 
overall 21 habitats in the district. 
 

 
Figure 4.1. Habitat map of Jalgaon district (November 2011) 

The habitats are classified as: 

A. Natural 
1. Riparian forest: A riparian forest is a forested land adjacent to the waterbodies such as river, lake, 

reservoir etc. The riparian forest forms only a small single patch in the district at the boundary of 
Jamner and Bodwad tehsils. 

2. River/Waterbody: Water bodies are well spread throughout the district. The important rivers in the 
district include Tapi, Girna, Suki etc. 

3. Harvested land: Harvested land is the land from which crop has been taken out. Harvested land 
occurs in the Yawal and Raver tehsils of the district. 

4. Saline/Exposed surface: These are salt affected soils that are caused due to excessive accumulation 
of salts. Salts can be transported to the soil surface by capillary transport from a salt laden water 
table and then accumulate due to evaporation. They can also be concentrated in soils due to human 
activity, for example the use of potassium as fertilizer, which can form sylvite, a naturally occurring 
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salt. As soil salinity increases, salt effects can result in degradation of soils and vegetation. Such 
soils are seen in very small part of Chopda and Parola tehsils 

5. Barren land: It is the land which shows very sparse vegetation growth. In general, Barren Land has 
thin soil, sand, or rocks. Barren lands are present in many parts of the district. 

6. Forest teak: Forest teak shows predominance of teak trees. It is spread in the Satpuda mountain 
ranges of Chopda and Yawal tehsils. 

7. Forest salai: Such forests have high number of Boswellia serrata (Salai) trees. These forests are 
economically important as salai has medicinal value. These forests are present in Yawal and Raver 
tehsils. 

8. Forest mixed dry deciduous: These forests are broad leafed which shed their leaves during the dry 
season to conserve moisture. They occur in Chopda, Raver, Yawal, Chalisgaon and Edlabad tehsils.  

9. Forest anjan: Such forests have predominance of Anjan trees (Hardwickia binata). The trees are 
native to India and have a height between 50 to 80 ft. These forests are limited to very small portion 
of Yawal and Edlabad tehsils. 

10. Forest bamboo: Forest bamboo is distributed in Chopda and Yawal tehsils. 
11. Teak mixed: These forests have predominance of teak (Tectona grandis) trees along with other 

species and are found in Chopda and Yawal tehsils. 
12. Scrub Prosopis juliflora: It is a small shrub species which is distributed in Jamner and Erandol 

tehsils. 
13. Gullied land: A gully is a small valley like landform which is created by erosion due to running 

water. It is formed near the edges of the Tapi river in the Chopda, Yawal and Bhusawal tehsils. 
14. Scrub mixed: Scrub mixed mainly have low shrub species. These are found in many tehsils of 

district namely Chopda, Yawal, Raver, Jalgaon, Bhusawal, Edlabad, Bodwad, Jamner and 
Chalisgaon. 

15. Grassland: Grassland is limited to only Edlabad tehsil. 
16. Salai mixed: Salai mixed forests have predominance of Salai trees in association with other 

species. Small patches of these forests are found in Chopda and Yawal tehsils. 
 
B. Semi natural 
1. Agriculture Kharif: Agriculture kharif refers to the crops which are planted in the rainy or 

monsoon season. Such crops are sown for autumn harvest and are also known as summer or 
monsoon crops. The kharif crops grown in the district include Jowar, Bajra, Maize etc. Agriculture 
kharif forms the largest habitat and is well distributed in all tehsils of the district. 

2. Agriculture within forest: These are found in patches within forested land in the tehsils of 
Chopda, Yawal and Raver. 

3. Agriculture fallow: Agriculture fallow refers to land that is plowed and tilled but left unseeded 
during a growing season. Allowing land to lie fallow serves to accumulate moisture in dry regions 
or to check weeds and plant diseases. Agriculture fallow land is present in Amalner, Dharangaon, 
Yawal, Jalgaon, Edlabad, Bodwad, Jamner, Pachora and Chalisgaon tehsils. 

4. Annual crop: Annual crops are taken once in a year. The most important annual crop of district is 
Banana. Annual crops are distributed in Chopda, Yawal, Edlabad, Bhusawal and Parola tehsils. 

 
C. Man made 
1. Human settlement: There are overall 242 rural and urban settlements in the entire district. 
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4.2. Ecological Value (EV) indicators 

4.2.1. Soil roughness 
Soil roughness can be considered as a varying height of the soil surface towards a reference surface 
(reference height). It is assessed by terrain complexity. Terrain complexity is very important terrain 
feature in digital terrain analysis. Terrain complexity has widely semantic implication and is often used 
to describe the variability of the terrain surface. Terrain complexity is value of a habitat with reference 
to its soil roughness. The irregular topography of each habitat has been computed using a CartoDEM in 
grid format and has been assessed as a Coefficient of Variation. The coefficient of variation is the ratio 
between standard deviation and mean. NODATA values are excluded from the calculation. 
This statistic is often preferable to standard deviation as a measurement of index variability since 
higher index values are commonly associated with a higher deviation from its mean. This effect is 
adjusted by dividing the standard deviation by the mean value.  
The coefficient of variation (CV) is calculated patch wise by using CartoDEM of the study area using 
the formula: 

100
(Altitude)mean 

titude)Std.Dev(Al
CV ×=  

 
Figure 4.2. Soil Roughness Map (Patch wise) of Jalgaon district 

 
 
 
 
 
 

 



33

19 
 

4.2.2. Habitat rarity within the area 

Habitat rarity is the value of a patch with reference to its extension when compared to the size of the 
area studied (study area). Habitat rarity is an important indicator and in many conservation plans, 
habitats that are rarer are given higher priority, simply because options and opportunities for 
conserving them are limited and if all such habitats are lost, so too are the species and processes 
associated with them. 
Habitat rarity is calculated patch wise by using following rarity criteria: 

■ The patch which covers less than 1% of the study area receives score 2 and they are considered very 
rare. 

■ The patch which covers between 1% and 5% of the study area receives score 1 and they are 
considered rare. 

■ The patch which covers more than 5% of the study area receives score 0 and they are considered 
common. 

 

 
Figure 4.3. Habitat Rarity Map (Patch wise) of Jalgaon district 
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4.2.3. Vertebrate Species richness 

Vertebrate richness indicator is calculated from vertebrate density, by dividing densities in classes of 
30 species (i.e., value 1 means presence of species between 0 and 30, value 2 means presence of 
species between 31 and 60 and so on). 

 
Figure 4.4. Vertebrate Density Map (Patch wise) of Jalgaon district 

 
Figure 4.5. Vertebrate Species Richness Map (Patch wise) of Jalgaon district 
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4.2.4. Plants richness 

Plants richness indicator is calculated from plant density, by dividing densities in classes of 30 species 
(i.e., value 1 means presence of species between 0 and 30, value 2 means presence of species between 
31 and 60 and so on). 

 
Figure 4.6. Plants Density Map (Patch wise) of Jalgaon district 

 
Figure 4.7. Plants Richness Map (Patch wise) of Jalgaon district 
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4.2.5. Percentage of surface included in Protected Areas 

It is the value of a patch according to the percentage of its area which is included into Protected Areas. 
The percent area under wildlife for each patch is calculated by dividing the patch area from total 
wildlife area. 

 
Figure 4.8. Map of Percentage of surface included in Protected Areas (Patch wise) of Jalgaon district 

There are two protected areas in Jalgaon district namely Yawal Wildlife Sanctuary and Gautala 
Wildlife Sanctuary. 
Yawal Wildlife Sanctuary (YWS) 
YWS is situated in western Satpuda mountain ranges in the tehsils of Yawal and Raver. The Sanctuary 
is spread over an area about 181.40 sq km with dense forests. It has rich varieties of flora and fauna. 
Teak, Salai and Anjan trees dominate in the forest, other main species are Ain, Shisam, Haldu, Tiwas, 
Khair, Charoli, Jamun, Tendu, Awala etc. There is a dense growth of bamboo and grasses. Mammals 
include Tiger, Leopard, Hyena, Jackal, Fox, Wolf, Sambar, Chinkara, Nilgai, Wild boar, Barking deer, 
Jungle cat, Palm civet, Wild dog, Sloth beer, Flying Squirrel etc. Common grass land birds and hill 
birds dominate the avifauna. In addition few wet land birds also exist. Suki lake does attract migratory 
birds. 

Gautala Wildlife Sanctuary (GWS) 
GWS is situated in the southern part of the district in Chalisgaon tehsil. The district covers only a very 
small part of the sanctuary while its major part lies in the neighbouring Aurangabad district. It lies in 
the Satmala hills of Western ghats and covers an area of about 74.36 sq km.  
 

The area is southern tropical dry deciduous forest with interspersed bush and grasslands. It houses a 
variety of wildlife including Chinkara (Gazella bennettii), Nilgai (antelope) (Boselaphus 
tragocamelus), Sloth bears (Melursus ursinus), Jungle cat (Felis chaus), Wanderoo (Macaca silenus), 
Leopard (Prionailurus bengalensis), brown palm civet (Paradoxurus jerdoni), Muntjak (Barking deer) 
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(Muntiacus muntjak), Hare (Lepus nigricollis), Fox, Jackal, bats, Wild boar, Gray langur 
(Semnopithecus entellus), wolf (Canis lupus pallipes) and Wild dog (Cuon alpinus). 240 bird species 
have been observed in and around the sanctuary, among them are Cranes, Spoonbills, Storks, Ibis, 
Pochards, Peafowl, Quail, Partridges, and various species of wading birds. Snakes include the Cobra 
(Naja naja), Common krait (Bungarus caeruleus), and Rat snake (Ptyas mucosus). 
Trees include Teak (Tectona grandis), Anjan (Hardwickia binata), Oil cake tree (Albizia amara), 
Sandalwood (Santalum album), Bel (Aegle marmelos), Awla (Phyllanthus emblica), Bhallatak 
(Semecarpus anacardium), and Moha (Madhuca longifolia). 

4.2.6. Hydrological network density 

It is the value of a habitat according to the hydrologic network density which characterizes it. It 
describes the number of nodes per unit of area. The indicator, represented as a floating value, has been 
calculated by counting the number of nodes per hectare for each habitat. 
For computing hydrological density, the numbers of hydrological nodes were counted in each patch 
and density was calculated using the formula as:  

(sq.km)patch  of Area
patch  theinside nodes of n

DensityNetwork  alHydrologic
°

=
 

 

 
Figure 4.9. Hydrological Density Map (Patch wise) of Jalgaon district 
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4.2.7. Normalized Difference Vegetation Index 

A Normalized Difference Vegetation Index (NDVI) is an equation that takes into account the amount 
of infrared reflected by plants. Live green plants absorb solar radiation, which they use as a source of 
energy in the process of photosynthesis. The reason NDVI is related to vegetation is that healthy 
vegetation reflects very well in the near-infrared part of the electromagnetic spectrum. 
Green leaves have a reflectance of 20% or less in the 0.5 to 0.7 micron range (green to red) and about 
60% in the 0.7 to 1.3 micron range (near-infrared). These spectral reflectances are themselves ratios of 
the reflected over the incoming radiation in each spectral band individually; hence, they take on values 
between 0.0 and 1.0. Thus, the NDVI itself varies between -1.0 and +1.0. 
Negative values of NDVI (values approaching -1) correspond to deep water. Values close to zero (-0.1 
to 0.1) generally correspond to barren areas of rock, sand, or snow. Low, positive values represent 
shrub and grassland (approximately 0.2 to 0.4), while high values indicate temperate and tropical 
rainforests (values approaching 1). The typical range is between about -0.1 (for a not very green area) 
to 0.6 (for a very green area). 
Overall, NDVI provides a crude estimate of vegetation health and a means of monitoring changes in 
vegetation over time, and it remains the most well-known and used index to detect live green plant 
canopies in multispectral remote sensing data. The NDVI ratio is calculated by dividing the difference 
in the near-infrared (NIR) and red color bands by the sum of the NIR and red colors bands for each 
pixel in the image.  

In the present study, we have used IRS LISS III image of November 2011 to calculate NDVI. The 
formula used is:  

RNIR
R-NIR

NDVI
+

=  

The mean NDVI for each patch is calculated by simply averaging the NDVI values. 

 
Figure 4.10 Mean NDVI Map (Patch wise) of Jalgaon district 



39

25 
 

4.3. Ecological Sensitivity (ES) indicators 

4.3.1. Area (Sq.Km) 
Table 4.1. Habitat wise area and number of patches 

Habitat Name Number of patches Area (sq.km) 

Agriculture fallow 25 404.49 
Agriculture within the Forest 15 64.33 

Agriculture/Kharif crop 75 6827.51 
Annual crop 06 307.99 
Barren land 167 2398.54 

Forest-Anjan 02 10.42 
Forest-Bamboo 02 17.84 

Forest-Mixed dry deciduous 21 335.83 
Forest-Salai 02 22.47 
Forest-Teak 03 97.37 
Grass land 01 6.29 

Gullied Land 04 24.76 
Harvested Land 04 42.53 

Human Settlement 242 164.10 
Riparian forest 01 1.89 

River/Water body 264 320.18 
Salai-Mixed 03 9.19 

Saline Soil / Exposed Surface 13 8.98 
Scrub - Prosopis Julifera 04 21.23 

Scrub-Mixed 37 648.52 
Teak-Mixed 01 22.96 
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4.3.2. Fractal Coefficient of perimeter 

The indicator helps us to describe the geometry of a habitat viz. whether the habitat has a regular or 
irregular shape by taking area and perimeter of a habitat into account. The more irregular the perimeter 
of the habitat, the greater its opening to the dynamic external forces and more is the risk for the habitat 
to lose its identity. This is because habitats having irregular perimeter shows interactions with many 
and different external environmental forces. 
For calculating Fractal Coefficient (FC), the perimeter and area of each patch is computed. and its 
natural logarithm (ln) is evaluated Fractal Coefficient (FC) of perimeter is then calculated patch wise 
using the formula: 

( )
( )arealn
perimeterln

2FC ×=  

The value of FC ranges between 1 and 2 (values close to 2 represent irregularity). 
 

 
Figure 4.11. Fractal Coefficient of Perimeter Map (Patch wise) of Jalgaon district 
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4.3.3. Circularity Ratio of area 

Sensitivity of a habitat with reference to its shape compactness. Patch compactness preserves the 
internal resources and has been quantified by Circularity Ratio Index (CR) ranging between 0 and 1. 
Circularity ratio is calculated patch wise using the formula: 

CArea
Area

CR =  

where Area is the patch area and Areac is the area of the minimum circle (convex hull) comprising the 
patch. The minimum circle for each patch is calculated using the Diameter script in ArcView 3.3. All 
the other things been equal, a value close to 1 means great power to preserve the internal abiotic and 
biotic resources; a value close to 0 (zero) describes the opposite situation. 
 

 
Figure 4.12 Circularity Ratio Map (Patch wise) of Jalgaon district 
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4.3.4. Average slope 

Slope is defined as the rate of change of elevation at a surface location. Slope may be expressed as 
percent slope or degree slope. Percent slope is 100 times the ratio of rise (vertical distance) over run 
(horizontal distance), whereas degree slope is the arc tangent of the ratio of rise over run. 

We have calculated the percent slope in ArcGIS 9.2 using CartoDEM (30m) of Jalgaon district. The 
patch wise average slope is calculated by taking average of slope values for each patch. 
 

 
Figure 4.13. Average Slope Map (Patch wise) of Jalgaon district 
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4.3.5. Fire Potential Index 

The Fire Potential Index (FPI) is an indicator that allows characterizing the potential for hazardous fire 
activity within the habitats. Fire poses a great threat to the ecological sensitivity of the habitats, hence 
in order to find out the risk of fire, FPI is calculated. 
The formula is: 

( ) ( )WIGVI −×−= 11FPI  

where, GVI is Greenness Index that is function of vegetation vigour and biomass, as well as measure of 
processes such as primary production; WI represents Wetness Index related to vegetation moisture. The 
greenness and wetness bands were extracted from LISS III image using Tassled Cap Transformation 
(TCT). 
 

The “tasseled cap” transformation is a work procedure facilitating the in-depth interpretation and study 
of satellite data, aiming at reducing the amount of data layers (dimensionality). In essence, the 
procedure uses mathematical equations to transform a number of multispectral bands (n) into a new n-
dimensional space. 

In practice, the procedure is based on a linear transformation of data from the original image into three 
new axes which become features of the transformation and may be described as follows: 

■ Brightness, capable of changing the total reflectance and the physical processes affecting it, so that 
the new image shows surfaces with little or no vegetation; 

■ Greenness, responsible for the enhanced absorption in the visible specter caused by plant pigments 
including chlorophyll and by the high reflectance in infrared due to the internal structure of leaves. 
By way of consequence, areas with vegetation shall obviously shown in green; 

■ Wetness, defining the “soil plan” and represents the primary feature. (Vorovencii). 

 
The Tassled Cap Transformation was applied to LISS III image to calculate TCT image. 
Following Tassled Cap coefficients were used to generate TCT image: 
 
Brightness = 0.279 (Band 1) + 0.474 (Band 2) + 0.559 (Band 3) + 0 (Band 4) 
Greenness = 0.244 (Band 1) + 0.544 (Band 2) + 0.724 (Band 3) + 0 (Band 4) 
Wetness = 0.197 (Band 1) + 0.328 (Band 2) + 0.341 (Band 3) + 0 (Band 4) 
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Figure 4.14. TCT Map of Jalgaon district 

 
Figure 4.15. FPI Map of Jalgaon district 
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Figure 4.16. FPI Map (Patch wise) of Jalgaon district 
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4.2.6 Nearest Neighbour Index (NNI) 

Nearest neighbour analysis examines the distances between each point and the closest point to it 
(Fotheringham, et al 1994 and Wulder, 1999). In present study, NNI is used to find out the nearest 
neighboring patches and to the distances between each patch and its closest patch.  
NNI for each patch is calculated using the ArcView 3.3 script (called Nearest Features v. 3.8). 
 

 
Figure 4.17. Patch Diameter Map (Patch wise) of Jalgaon district 

 
Figure 4.18. Nearest Neighbor Index Map (Patch wise) of Jalgaon district 
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4.2.7 Vertebrate IUCN 

Vertebrate species in Jalgaon district those are included in IUCN list. 
Table 4.2. Species listed in IUCN 

Common Name Scientific Name IUCN Category Type Habitat 

Four Horned Antelope Tetracerus quadricornis Vulnerable Mamma
l FMDD 

Sloth Bear Melursus ursinus Vulnerable Mamma
l FMDD 

Striped Hyaena Hyaena hyaena Near Threatened Mamma
l 

FMDD, Scrub 
Mixed 

and Barren Land 

Leopard Panthera pardus Near Threatened Mamma
l FMDD 

Black Buck Antilope cervicapra Near Threatened Mamma
l 

Scrub Mixed and 
Agriculture Kharif 

Tiger Panthera tigris Endangered Mamma
l 

Scrub Mixed and 
Annual Crop 

Laggar Falcon Falco jugger Near Threatened Bird Scrub Mixed 
River Tern Sterna aurantia Near Threatened Bird Waterbody 

Painted Stork Mycteria leucocephala Near Threatened Bird Waterbody 

Black headed Ibis Threskiornis 
melanocephalus Near Threatened Bird Waterbody 

Black necked Stork Ephippiorhynchus asiaticus Near Threatened Bird Waterbody 
Darter Anhinga melanogaster Near Threatened Bird Waterbody 

White backed vulture Gyps africanus Endangered Bird FMDD 

Long billed vulture/Indian 
vulture Gyps indicus Critically 

endangered Bird FMDD 
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Figure 4.19. Map of Number of vertebrate species in IUCN (Patch wise) of Jalgaon district 

4.2.8 Soil erosion index 

 

Figure 4.20. Soil Erosion Index (Patch wise) of Jalgaon district 
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USING INDICATORS OF ECOLOGICAL VALUE AND ECOLOGICAL 
SENSITIVITY FOR THE INDIVIDUATION OF THE HOT-SPOTS OF 
ECOLOGICAL ATTENTION IN JALGAON DISTRICT (MAHARASHTRA 
STATE - INDIA). 
 
Orazio Rossi, Angelo Pecci 
(CINSA - National Interuniversity Consortium for Environmental Sciences – Venice) 

 

1. Introduction 
The Indian district of Jalgaon (11,747 sq.km) is characterized by a tropical semi-arid climate, 
irregular and limited rainfall (600-900 mm/year), high population density (359 inhab/sq.km, 2011 
Census) and a traditional agriculture of extensive type which is always searching for new natural 
areas to be cultivated in order to face the alimentary exigencies of the population. 
The traditional agricultural practices are strictly correlated to the real needs of the resident 
population but they cause a continuous erosion of the local biodiversity and undermine the 
sustainability in time of the same agricultural productivity. 
The necessity to balance the biodiversity conservation with the exigency of the agriculture 
development, is not an “easy” problem to be solved also in the modern western countries 
characterized by a temperate climatic conditions. The same problem when it is faced in countries 
characterized by a semi-arid climate in absence of effective planning instruments (i.e. the definition 
of a Sustainable Ecological Network) becomes quickly crucial because the possible solutions seem 
to be characterized by conflicting aspects. 
Agriculture is the major occupation in Jalgaon area. In effect (2011 Census) the agricultural land 
covers 8,777 sq.km, i.e. 74.60% of the Jalgaon district, but only 22.21% is irrigated while 52.38% is 
dry land. 
The remaining 25.40% is represented by forest land (10.15%), barren and uncultivable and non-
agriculture land (11.95%). The permanent pastures cover 3.28% of the area. 
 
On the other hand Jalgaon district, with over 10% forest cover area, has the reputation of being one 
of the most biologically rich district of Maharashtra State. 
The Yawal Wildlife Sanctuary, located in the north part of the district between the tehsils of Raver 
and Yawal, hosts large varieties of fauna and flora. The fauna includes many IUCN mammals like 
Tiger, Leopard, Hyena, Fox, Wolf. Hundreds of birds species are attracted by Suki lake. 
Also Gautala wildlife Sanctuary situated in Chalisgaon tehsil is characterized by the presence of a 
large biodiversity; 240 birds species have been observed in and around the sanctuary. 
 
In the light of these basic information the aims of this specific report are: 
■ Evaluation of the ecological value, with particular reference to the biodiversity, and realization 

of  the Map of ecological value in Jalgaon area; 
■ Evaluation of the ecological sensitivity (and its most important components) and  realization of  

the Map of the ecological sensitivity in Jalgaon area; 
■ Realization of the Map of ecological attention of the district. This map is represented by those 

environmental units which are characterized by high ecological value (high biodiversity) and 
high ecological sensitivity. 

It is worthwhile to note that these results (and Maps) represent an essential information in order to 
realize a Sustainable Ecological Network of the district. Through this important planning instrument 
the Environmental Decision Makers of the district can manage and control, in rational ways, two 
conflicting exigencies: to save the local biodiversity but, in the same time, to promote a modern 
agriculture development. 
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2. Indicators to evaluate Ecological Value (EV) and Ecological Sensitivity( ES) of the Jalgaon 
District, Maharashtra State, India) 

The quantitative methodology here presented in order to evaluate the ecological value, particularly 
the biodiversity of the Jalgaon District, and to individuate the possible risks to the local biodiversity 
due to the human activities (i.e. agricultural activities) is derived from that of the Map of the Italian 
Nature (Rossi and Zurlini,1998; Rossi, 2001; Rossi et al., 2008). 
This methodology is centred on the calculation, evaluation and cartographical representation of a set 
of indicators by which it is possible to evaluate, in quantitative way: the ecological value, the 
ecological sensitivity, the anthropic pressure and the ecological fragility of a given zone. 
Moreover, by combinations of specific indicators it is possible to individuate the environmental 
units of the territory (Hot-Spot units) in which the ecological value and particularly the biodiversity 
reach the maximum values but, at the same time, are at high risk because of their intrinsic 
ecological sensitivity. These units can be called Hot-Spots of Ecological Attention (HSEAs) (Rossi 
et al., 2008). 
By the same methodology is possible to evaluate also the ecological fragility of each environmental 
unit. The ecological fragility is high when a strong anthropic pressure is acting on environmental 
units characterized by high intrinsic sensitivity. 
The HSEA units, because of their intrinsic characteristics, should play a strategic role in the 
conservation and management of the biodiversity of a given zone. 
Note that ecological value and ecological sensitivity (as well as anthropic pressure and ecological 
fragility) are multidimensional concepts and their quantitative evaluation requires a set of 
appropriate indicators. 
 
For Jalgaon district 7 indicators of ecological value (ES) were utilized. They are listed below: 
1. Soil roughness; 
2. Habitat rarity within the area; 
3. Vertebrate Species richness; 
4. Plants richness; 
5. Percentage of surface included in Protected Areas; 
6. Hydrological network density; 
7. Normalized Difference Vegetation Index (NDVI). 
 
The ecological sensitivity (ES) of a given environmental unit is defined as the unit proneness to 
environmental change involving a combination of intrinsic and extrinsic environmental factors. 
For the evaluation of the ES of the Jalgaon area 8 indicators were used. 
All the indicators used are correlated to the risk for the environmental unit to being damaged or 
loosing its ecological identity/integrity (owing to :isolation, abiotic risks, etc.). 
 
The chosen indicators are listed below: 
1. Area (in sq.km); 
2. Fractal Coefficient of perimeter; 
3. Circularity Ratio of area; 
4. Average slope; 
5. Fire potential Index(FPI); 
6. Nearest Neighbour Index (NNI); 
7. Vertebrate IUCN; 
8. Soil erosion index. 
 
It seems necessary to observe that each one of those 15 indicators must be applied to each one of 
the environmental units composing a given area. 
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Following the methodological scheme of the Map of Italian Nature, a similar method of CORINE 
Biotopes one (sponsored by the European Union) suitable for Indian environment has been found in 
international scientific literature and used in order to recognize the basic environmental units which 
compose the Jalgaon District area. 
Other methods for the individuation of the environmental units of a given area can be found in the 
international scientific literature. What is really important is that the method utilized is scientifically 
well founded, coherent and answering the aims of the research. 
Generally speaking the terms “(ecological) habitat”, “(environmental) unit” must be considered 
synonymous. 
Applying the chosen scientific method to Jalgaon area, 892 environmental units have been 
recognized. Of the 892 units so individuated only 647 are natural and semi-natural and belong to 21 
different habitat types. The remaining 242 are rural and urban settlements. 
 

 

Figure 1. Spatial representation of the environmental units of the Jalgaon district. 

3. Quantitative methodology for the individuation of Hot-Spots of Ecological Attention in 
Jalgaon District area 

The EV and ES of each environmental unit which compose the Jalgaon area are quantitatively 
evaluated utilizing several indicators (see lists in paragraph 2). In this way each unit is represented 
by a vector of 7 measurement for the EV and 8 for the ES. This basic multidimensional condition 
makes “difficult” the problem of ranking the Jalgaon habitat in order of increasing or decreasing EV 
or ES. 
By the Ideal Vector method (Rossi et al., 2008) it is possible to solve this methodological problem. 
This method is based on the multidimensional distance of an habitat, described by its specific vector 
of elements (indicators), from the ideal best environmental condition represented by the Ideal 
Vector. Less is the Euclidean Distance from the Ideal Vector, more is the Ecological Value of that 
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habitat. For what concern the Ecological Sensitivity the situation is the opposite (higher the 
distance, higher the sensitivity). 
The indicators are expressed on different scales; before using them together in a classification or 
ordination procedure they must be brought to the same common scale. Of the methods which allow 
simultaneous adjustment of the magnitude and the variability of the different indicators, we used the 
method of ranging proposed by Sneath and Sokal (1973), and recommended by Milligan and 
Cooper (1998) and Legendre and Legendre (1998): 
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For what regards the ecological value, each element of the Ideal Vector is given by the maximum 
observed value for that environmental indicator; after the transformation, that element is 
represented by the value 1. 
For what concerns the ecological sensitivity, we have the opposite situation. The elements of the 
Ideal Vector, after the transformation, become equal to 0 (zero) (minimum value of ecological 
sensitivity). 
Consequently, the multidimensional euclidean distance of a given Jalgaon habitat (represented by 
its specific vector of indicators) from the Ideal Vector is a measurement of its ecological value or its 
ecological sensitivity. 
In formal terms: 
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where DistK refers to the experimental unit k (habitat), n is the number of indicators utilized, and 
VETTID represents the Ideal Vector. The maximum distance is given by the square root of n. 
 
This methodology was applied to the 892 habitat of the Jalgaon district. Note that the 15 ecological 
indicators were calculated only for natural and semi-natural habitat (n=647). 
 
Utilizing the chosen indicators, and the above mentioned two equations, we obtained a vector of 
seven (7) measurements for value and of eight (8) measurements for ecological sensitivity of each 
one of the n=647 habitats in the area. In order to explore a possible high degree of redundancy 
among these indicators, a Principal Component Analysis on the two correlation matrixes (Tables 1 
and 3) was carried out and the results are given in Tables 2 and 4. In both cases, it is necessary to 
take into account at least 4 eigenvalues for EV and 5 for the ES to explain reasonable percentage 
(over 80%) of the total variability. Indeed, a careful observation of the matrixes in Tables 1 and 3 
reveals that the degree of interdependence (correlation) between these indicators is, on average, 
very low. 
Table 1. Correlation matrix between the 7 indicators of ecological value (see list in paragraph 2) 

Variables 1 2 3 4 5 6 7 
1 1.000000 -0.484497 0.072565 0.536075 0.136373 0.097526 0.488542 
2 -0.484497 1.000000 -0.449798 -0.937687 0.003866 0.262665 -0.501063 
3 0.072565 -0.449798 1.000000 0.294464 0.088246 .038697 0.136275 
4 0.536075 -0.937687 0.294464 1.000000 0.051631 0.272519 0.571224 
5 0.136373 0.003866 -0.088246 0.051631 1.000000 0.006132 0.111357 
6 -0.097526 0.262665 -0.038697 -0.272519 0.006132 1.000000 -0.227051 
7 0.488542 -0.501063 0.136275 0.571224 0.111357 0.227051 1.000000 
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Table 2. Results of the Principal Component Analysis carried out on the correlation matrix of Table1 

N° Eigenvalue Individual 
Percentage 

Cumulative 
Percentage 

1 3.017022 43.10 43.10 
2 1.172194 16.75 59.85 
3 0.956205 13.66 73.51 
4 0.818282 11.69 85.20 
5 0.517774 7.40 92.59 
6 0.474075 6.77 99.37 
7 0.044448 0.63 100.00 

 
Table 3. Correlation matrix between the 8 indicators of ecological sensitivity (see list in paragraph2) 

Variables 1 2 3 4 5 6 7 8 
1 1.000000 0.122042 -0.227244 0.095126 0.234863 -0.126090 -0.295791 0.159472 
2 0.122042 1.000000 -0.534110 0.086384 0.013336 -0.023701 0.143171 -0.031609 
3 -0.227244 -0.534110 1.000000 -0.212093 -0.279149 0.073625 0.308660 -0.212093 
4 0.095126 0.086384 -0.212093 1.000000 0.413987 -0.028817 -0.083876 0.685636 
5 0.234863 0.013336 -0.279149 0.413987 1.000000 -0.122988 -0.427760 0.300115 
6 -0.126090 -0.023701 0.073625 -0.028817 -0.122988 1.000000 0.186371 -0.128094 
7 -0.295791 0.143171 0.308660 -0.083876 -0.427760 0.186371 1.000000 -0.284834 
8 0.159472 -0.031609 -0.212093 0.685636 0.300115 -0.128094 -0.284834 1.000000 

 
Table 4. Results of the Principal Component Analysis carried out on the correlation matrix of Table 3 

N° Eigenvalue Individual 
Percentage 

Cumulative 
Percentage 

1 2.519126 31.49 31.49 
2 1.423664 17.80 49.28 
3 1.230266 15.38 64.66 
4 0.912239 11.40 76.07 
5 0.764050 9.55 85.62 
6 0.613901 7.67 93.29 
7 0.304299 3.80 97.09 
8 0.232456 2.91 100.00 

 
In Fig. 2 is given the histogram representing the distances of the n=647 habitats of the Jalgaon 
district from the Ideal Vector concerning the Ecological Value. Lower is the distance greater is the 
Ecological Value (EV). 
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Figure 2. Ecological Value. Histogram which represents the distances of Jalgaon habitats from the Ideal 
Vector. 

The attentive observation of the histogram in Fig. 2 reveals that for what concern the ecological 
value the great majority of the habitats is characterized by an euclidean distance from the Ideal 
Vector greater than 0.5. In other words the great majority of the habitats are rather below the mean 
ecological value of the Jalgaon area. 
In effect the habitat with high or elevated ecological value are only 14 and they cover 658.48 sq.km 
(i.e. 5.60% of the total district area). 
 
For what concerns the ecological sensitivity the histogram of the distances of the 647 habitat from 
the Ideal Vector is given in Fig. 3. Greater is the distance greater is the ecological sensitivity. 
It is worthwhile to note that in the histogram of Fig. 3 the mean value (0.3253) of the distances from 
the Ideal Vector is somewhat smaller of 0.5. This observation suggests that only a minority part of 
the habitats of Jalgaon area is characterized by an elevated or high ecological sensitivity. In effect 
the Jalgaon habitats with elevated or high ecological sensitivity are only 36 and they cover 649.68 
sq.km (i.e. 5.53% of the total area). 
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Figure 3. Ecological Sensitivity. Histogram which represents the distances of Jalgaon habitats from the Ideal 
Vector. 

To derive more legible and useful maps of the spatial variation of ecological value and ecological 
sensitivity, the numerous distances from the Ideal Vector have been divided into five equal-spaced 
groups (quintiles). 
The first quintile of habitats, closer to the ideal vector situation, has been marked as (habitats of) 
‘Elevated Value’, while the second and the third as (habitats of) ‘High Value’ and ‘Mean Value’, 
respectively. Finally, the names ‘Modest Value’ and ‘Low Value’ have been assigned to the fourth 
and the fifth groups of habitats. 
For what concerns ecological sensitivity, the label ‘Low Sensitivity’ has been assigned to the first 
group of habitats that is the closer to the ideal situation of the lowest ecological sensitivity. The 
labels ‘Modest Sensitivity’, ‘Mean Sensitivity’, ‘High Sensitivity’, and ‘Elevated Sensitivity’ have 
been assigned progressively to the second, third, fourth and fifth groups of habitats. Thus, maps of 
the ecological value and ecological sensitivity classified into five categories were obtained (Figures 
4 and 5). 
 



58 8 

 
Figure 4. Map of the ecological value showing the spatial distribution of the five groups of habitats (quintiles). 

 
Figure 5. Map of the ecological sensitivity showing the spatial distribution of the five groups of habitats 
(quintiles). 

The contribution of each indicator to the observed gradient of ecological value (as well as of that of 
ecological sensitivity) can be clarified by the statistical methodology of the Multiple Discriminant 
Analysis carried out on the five groups, and the results obtained are given in Tables 5, 6, 7 and 8. 
The analysis concerning the ecological value shows that the first discriminant function explains 
almost 78% of the total dispersion (Table 5). 
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Table 5. Results of the Multiple Discriminant Analysis carried out on the five groups (quintiles) of the 
ecological value. 

Function Eigenvalue % of variance Cumulative % 
of variance 

Canonical 
correlation 

1 3.3429 77.8 77.8 0.88 
2 0.7709 17.9 95.8 0.65 
3 0.1101 2.6 98.3 0.31 
4 0.0718 1.7 100.0 0.26 

 
Table 6. Standardized coefficients of the Discriminant Functions (see Table 7). 

Indicator Function 
1 2 3 

Soil roughness 0.8330 -0.4087 0.6631 
Rarity 2.0323 -0.6583 0.8235 

Vertebrates richness 1.4406 -0.3786 0.6036 
Plant richness 0.6404 -0.0762 0.2295 

% of area included in Protected Areas 0.6476 -0.8049 -0.1415 
Hydrological network density 0.6667 -0.4575 -0.6920 

NDVI 0.3864 -0.3314 0.4639 
 
The results of Table 6 (see the standardized coefficients of the first discriminant function) suggest 
that the indicators of ecological value which mostly influence the gradient among the five groups 
are in order of importance (Table 6): the Habitat rarity within the area; Vertebrates richness; Soil 
roughness; Plant richness; Hydrological network density. 
 
For what concerns the ecological sensitivity the results are given in Tables 7 and 8. 
Table 7. Results of the Multiple Discriminant Analysis carried out on the five groups (quintiles) of the 
ecological sensitivity. 

Function Eigenvalue % of variance Cumulative % 
of variance 

Canonical 
correlation 

1 5.858 94.6 94.6 0.92 
2 0.262 4.2 98.9 0.45 
3 0.052 0.8 99.7 0.22 
4 0.018 0.3 100.0 0.13 

 
Table 8. Standardized coefficients of the Discriminant Functions (see Table 9) 

Indicator Function 
1 2 3 

Area (sq.km) 0.217 0.163 -0.060 
Fractal Coefficient of perimeter -0.371 0.102 0.158 

Circularity Ratio of area 0.720 0.438 -0.191 
Average slope -0.603 0.405 0.565 

Fire potential Index (FPI) -0.879 0.030 -0.167 
Nearest Neighbour Index (NNI) -0.335 -0.254 0.470 

Vertebrate IUCN -1.442 -0.616 -0.482 
Soil erosion index -0.168 0.318 -0.754 

 
Note that the first Discriminant Function explains almost the 95%of the overall dispersion (Table 7) 
and the indicators which mostly influence the observed gradient of ecological sensitivity are, in 
order of importance: the number of vertebrate IUCN at risk of extinction; Fire potential Index (FPI); 
Circularity Ratio of area; Average slope. 
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These basic first results are essential in order to individuate the Hot-Spots of Ecological Attention 
(HSEAs) in Jalgaon area. We define as Hot-Spots of Ecological Attention the small fraction of 
habitats characterized, at the same time, by the greatest Ecological Value and the greatest 
Ecological Sensitivity. 
In effect the habitats defined as HSEAs need ecological attention and should be protected. 
A threshold of 15% of habitats with the greatest Ecological Value and 15% of habitats with the 
greatest Ecological Sensitivity was considered in order to identify the HSEAs. 
The spatial distribution of the HSEAs in the study area is shown in Fig. 6. 
 

 
Figure 6. Spatial representation of the Hot-Spots of the Ecological Attention (HSEAs) in Jalgaon area. 

The HSEAs of the Jalgaon area are 47 (7.3% of the natural and semi-natural habitats). The area 
covered by HSEAs is 837.78 sq.km , i.e. 7.1% of the total district area. 
 

4. Conclusions and Recommendations 
1. The habitats of the Jalgaon district with high/elevated ecological value (Fig 4) are the ones that: 

1.1. are very rare within the study area; these habitats are represented by Forest Salai and 
Forest teak present in Choda, Yawal and Raver tehsils; 

1.2. host a large number of vertebrates and plants with special reference to the habitats 
included/close to the 2 wildlife sanctuaries (Yawal and Gautala Sanctuary); 

1.3. represent riparian zones along the network of water bodies along Tapi river and its 
tributaries. 

 
2. The habitats of the Jalgaon district with high/elevated ecological sensitivity (Fig 5) are the ones 

that: 
2.1. are characterized by a high number of vertebrates IUCN at risk of extinction present in the 

Forests mixed dry deciduous of  Chopda, Raver, Yawal, Chalisgaon and Raver tehsils; 
2.2. are more open to fire risk: Annual kharif crops in Jowar tehsil, Forest teak and Forest Salai 

in Chopda and Yawal tehsils; 
2.3. have a low degree of compactness: Agriculture within the forest in Chopda, Yawal and  

Raver tehsils; 



61 11 

2.4. have an high  average slope: Agriculture within the forest of  Chopda, Yawal and Raver 
tehsils. 

3. The Habitat of ecological attention of the district (HSEAs) are (Fig 6) represented mostly by 
habitats which cover the riparian zones along the most important rivers of the district: Tapi, 
Girna, Suki, etc.. These rivers represent an hydrological network of great importance to preserve 
the biodiversity in all its forms. 

 
Other important HSEAs are the Forest mixed dry deciduous which occur in Chopda, Raver, Yawal, 
tehsils in the north part of the district close to the tribal zones, and also in the Chalisgaon tehsil in 
the south part. These forests are composed by plants which shed their leaves during the dry season 
to conserve moisture. 
Both the wildlife sanctuaries present in the district, Gautala in Chalisgaon tehsil and Yawal in the 
north part of the district, are included in the list of the HSEAs. 
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1. Introduction 
During the past few decades, the inadequacy of the current nature conservation policies to contrast 
the growing environmental pressures and to protect the ecological processes ensuring the 
biodiversity maintenance has clearly emerged (Wätzold and Schwerdtner, 2005; Delbaere, 2006; 
Jones-Walters and Mulder, 2009; Bergseng and Vatn, 2009; Martín-López, 2009). 
The biodiversity legacy of a country includes not only the areas officially protected (Parks, 
Reserves, etc.), but also all the diffuse naturalistic traits of the landscape which, even if external to 
the protected areas, play a strategic role in maintaining the same protected areas. 
Many studies (Maiorano et al., 2006; Pierce et al., 2005) have underlined that the preservation of 
populations, communities and ecosystems cannot be limited to the establishment of Parks and 
Reserves, especially if isolated or small, but it is necessary to take into account the ecological-
environmental processes concerning broader scales than those involved in the single Protected 
Areas. Particularly, what emerged was the awareness that the persistency of the biodiversity is 
strongly contrasted by the growing fragmentation of natural and semi-natural environments, and 
that biodiversity can be preserved only through adequate land-use planning extended to the whole 
landscape (Wiens, 2009). 
From this point of view, the maintenance of a physical-territorial and of an ecological-functional 
continuity among natural and semi-natural environments has been suggested as an effective strategy 
in order to mitigate the effects of fragmentation on populations and communities (Rossi et al., 
2008). 
The pursuit of environmental continuity has given rise to the development of a specific area of the 
territorial planning, the Ecological Networks (EN) design, in a perspective of general rethinking of 
the tools for land control, management and protection. 
The topic of EN is now established as focal in environmental politics, starting programs and 
initiatives corresponding to a logic of integration (i.e. of network) among individual actions on the 
environment (Kati et al., 2004; Opdam et al., 2006). The knowledge concerning the EN theme has 
been partly acquired at a planning level, and not only at a normative one, in Europe and included in 
International Conventions (European Landscape Convention, 2000), in UE Council Directives, pan-
European strategies and in national guidelines. 
Similarly, India’s conservation planning is based on the philosophy of identifying and protecting 
representative wild habitats across all the ecosystems. India is committed to conservation of 
biodiversity and this is not only because of its international obligations as a signatory to the 
Convention on Biological Diversity, but also because India believes that protecting biodiversity is a 
critical national priority as it is linked to local livelihoods of millions of people. 
Wildlife conservation and management in India is currently facing a myriad of complex challenges 
that are both ecological and social in nature. Issues such as habitat loss/fragmentation, overuse of 
biomass resources in the context of biotic pressures, increasing human-wildlife conflicts, livelihood 
dependence on forests and wildlife resources, poaching and illegal trade in wildlife parts and 
products, need for maintaining a broad base of public support for wildlife conservation exemplify 
and characterize the contemporary wildlife conservation scenario in India. The government and the 
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civil society are taking several measures to address these issues. Improved synergies and better 
coordination amongst the wide array of stakeholders are needed to meet the challenges of 
conserving India’s diverse wilderness resources. 
The Ministry of Environment and Forests provides some financial assistance to the State/Union 
Territory Governments for protection and management of the Protected Areas under three main 
Centrally Sponsored Schemes: integrated development of wildlife habitats (1) defense and 
protection of Tiger (2) and Elephant (3). 
 
In Ecological Network Planning the methods of Systematic Conservation Planning stand out for 
scientific attention, developed and applied first of all in South Africa (Cowling and Pressey, 2003) 
and Australia (Stewart and Possingham, 2003), but also in north America (Carroll, 2005; Loss, 
2011). Canada (Warman et al., 2004) in Africa (Nackoney and Williams, 2012) and also in India 
(Sarkar et al., 2007). 
The Systematic Conservation Planning methods (Margules and Pressey, 2000) allow to identify a 
set of suitable representative sites whose protection is crucial to achieve high percentages of 
biodiversity (in terms of habitat, species, etc.) at a minimum cost (not only in the economic sense). 
The term EN has assumed different meanings in different areas according to the functions to be 
favored and focused on (Bennett, 2004; Jongman and Pungetti, 2004, Opdam et al., 2006; Jongman 
et al., 2004; APAT, 2003): a) a linked habitat system; b) a Parks and Reserves system; c) an 
enjoyable landscape units system; d) a multipurpose ecosystemic scenario based on the realization 
of an integrated system of areas where it is possible to promote sustainable socio-economic 
development processes. The four above-listed approaches do not exclude, but rather complement 
and interpenetrate each other because they correspond to complementary targets of land 
management. 
The region subjected to the current study – the Jalgaon District in Maharashtra State (India) – is 
complex from an ecological-naturalistic point of view, and also diffusely anthropized. Human 
pressure is mainly expressed with agriculture - the predominant occupation that provides means of 
livelihood to about 70% of total population – whose practices are too traditional and need to be 
rationalized. For this reason it was necessary to head to an EN that mainly considers the first and 
the fourth interpretative model, able to contribute towards the maintenance of the actual high 
biodiversity but also to induce to redress a landscape overall balance in the District. 

2. Expected goals 

In planning an EN of a given territory the following goals seem to be essential: 
1 To propose and to test a quantitative methodology which allows the identification of the 

percentage of area of a the territory which includes a prefixed high level of habitat diversity to 
be protected. This percentage of area should be taken into the due account in the realization of 
an ecological network in the same territory; 

2 To propose and to test a quantitative methodology which identifies the percentage of area of 
each type of habitat of a given area to be included in the ecological network, taking into account 
the fragmentation degree of each type of habitat and according to the percentage of area of the 
territory, as decided at the previous point “1”; 

3 To identify the habitats characterized at the same time by two essential features: high Ecological 
Value and high Ecological Sensitivity. These are habitats that identify areas of Ecological 
Attention (Hotspots of) and for this reason should be protected; 

4 To characterize the Human Pressure structure and trends weighing on the district using a set of 
proxy-indicators eventually connected also to the agricultural activities. 
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3. Study area and materials 

3.1. Environmental Protection in India 
In India a network of 668 Protected Areas (PAs) has been established, extending over 1,61,221.57 
sq.km. (4.90% of total geographic area), comprising 102 National Parks, 515 Wildlife Sanctuaries, 
47 Conservation Reserves and 4 Community Reserves. 
Environment protection is enshrined in the Constitution of India (Article 48A and Article 51A (g)). 
Wide-ranging policies, programs and projects are in place, which directly or indirectly serve to 
protect, conserve and sustainably use the country’s biological resources. These include the Forest 
(Conservation) Act, Wildlife (Protection) Act, Biological Diversity Act, National Green Tribunal 
Act, National Biodiversity Action Plan, National Forest Policy, National Wildlife Action Plan, 
National Forestry Action Programme, National Environment Policy and National Action Plan on 
Climate Change.  
Provincial Forest Departments are vested with the responsibility of implementation of national 
policies and plans. 
Sustainable use of biodiversity, therefore, has both ecological and economic value. It is with this 
objective that India has enacted Biological Diversity Act, 2002 and set up a National Biodiversity 
Authority (NBA) in 2003 with an explicit mandate of promoting conservation of biological 
resources and associated knowledge as well as facilitating access to them in a sustainable manner. 
National Biodiversity Action Plan of 2008 developed in consultation with various stakeholders and 
by taking cognizance of legislative and policy framework is a dynamic matrix for mainstreaming 
biodiversity concerns in the country. 
Furthermore, Biodiversity Conservation & Rural Livelihood Improvement Project (BCRLIP) aims 
at conserving Biodiversity in selected landscapes, including wildlife protected areas/critical 
conservation areas while improving rural livelihoods through participatory approaches. 
Development of Joint Forest Management (JFM) and eco-development in some states are models of 
new approaches to provide benefits to both conservation and local communities. The project intends 
to build on these models and expand lessons to other globally significant sites in the country to 
strengthen linkages between conservation and improving livelihoods of local communities that live 
in the neighborhood of biodiversity rich areas-as well as to enhance the local and national economy. 

3.2. Ecological analysis of Jalgaon district: general information and state of the art 

The Jalgaon district is situated in the northern part of Maharashtra State in India. It encompasses 
officially a geographical area of 11765 sq.km. 
 
Some aggregated anthropic data of the District are: 
❧ Population: 3,682,690 inhabitants (2001); 
❧ N° Talukas/tehsils: 15; 
❧ N° of Forest Ranges: 14. Four of them more interesting (Jalgaon, Vadoda, Jamner and 

Chalisgaon ranges); 
❧ N° of Towns: 17; 
❧ N°. of Villages: more than 400 only in the above mentioned 4 ranges. In total are estimated 

1,492 villages. 
 
Jalgaon includes varied topographical features and landscapes, consisting of wild hills and forests, 
rich gardens and groves, stretches of barren plain, low rolling rocky hills and intensely gullied (bad 
land) topography near major river banks. 
The principal natural feature (Fig. 1) is the Tapti River. Unlike the rest of the Deccan, the Tapti 
flows westward from headwaters in eastern Maharashtra to empty into the Arabian Sea. The Tapti 
receives thirteen principal tributaries in its course through Khandesh region. None of the rivers is 
navigable, and the Tapti flows in a deep bed which historically made it difficult to use for irrigation. 
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Regionally, there are three well-marked belts of landscapes stretching from east to west parallel 
with the Tapi: in the center is the rich Tapi valley; in the north is the high and wild Satpuda hill 
range; and in the south and south-west there are bare ridges and rich well-watered valleys flanked 
by the Ajanta hill range. There are three chief hill ranges in Jalgaon District: the Satpuda in the 
north, the Hatti in the southeast, and the Ajanta or Satmala in the south. 

 
Figure 1: Jalgaon District physical features map 

An updated Habitat map (Lu/Lc map) of Jalgaon district (Fig. 2) has been recently prepared using 
LISS III satellite image (23.5m resolution) of 2011. Mapping for most attributes was done for entire 
Jalgaon district at 1:50,000 scale. 
In order to develop the map, has been followed the standard classification scheme developed by 
National Remote Sensing Centre, Hyderabad for delineating land use and forest vegetation 
categories in India. Has been standardized the interpretation keys through extensive ground truthing 
to prepare land use, land cover and forest habitat maps through visual interpretation and manual 
digitization. 

 
Figure 2. Spatial distribution of the 21 types of CORINE Biotope habitats within Jalgaon District. 
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Some useful ecological data of the District are: 
❧ surface: around 11,757 sq.km; 
❧ N° of habitat: 892 patches; 
❧ habitat types: 14 natural and 6 semi-natural + anthropized areas (human settlement) for a 

total of 21 types; 
❧ most frequent habitat types: agriculture/kharif crop, barren land, scrub-mixed and 

agriculture fallow. 
 
The plants and animals data from the forest areas of Jalgaon district has been collected. 
The data collected for plants include species of herbs, shrubs and trees while that of animals include 
the vertebrates (mammals, birds and Herpetofauna).  
Also the collection of plants and animals data from non forest areas has been recently completed. 
With over 20% forest cover, Jalgaon has reputation of being one of the most biologically rich 
districts of State Maharashtra. 
The total forest area of the district is 1,707 sq.km which is almost 17% of the total geographical 
area of the district. The total forest cover is divided into dense forest, open forest and scrub forest. 
 
The reserved forests (Fig. 3) are managed by the State Forest Department and cover 1,835.79 
sq.km (i.e., about 15.61% of total geographical area of the district). Much of this area and other 
forest cover over revenue land are subjected to encroachment and conversion of land for non-
forestry purposes. With the increase in intensive agriculture with the advancement in technology 
and rapidly growing urbanization due to boom in economic growth, natural habitats in Jalgaon are 
shrinking at more rapid rate than ever. This reduces the area for wildlife and leads to loss of species. 
 
There are two wildlife sanctuaries in the district that are Yawal wildlife sanctuary located in 
Satpuda hills, northern region of the district and Gautala wildlife sanctuary located in Satmala hills, 
southwest corner of the district. 

 
Figure 3: Spatial distribution of the reserved forests and wildlife sanctuaries within Jalgaon District 

In a sustainable development perspective, guidelines for the territorial planning are essential to 
allow to maximize biodiversity conservation, at the same time minimizing costs and spaces 
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assigned to its protection. The possible quantitative relationship between the investigated area of the 
district and the actual biodiversity level has been empirically studied, in order to establish the 
minimum area to be preserved in order to protect the majority of biodiversity present in the district. 

4. Preliminary operations in order to define and to project the Ecological Network of 
Jalgaon district. 

4.1. Individuation of a possible relationship between biodiversity and the investigated area 
In a sustainable development perspective, guidelines for the territorial planning are essential to 
allow to maximize biodiversity conservation, at the same time minimizing costs and spaces 
assigned to its protection. The possible quantitative relationship between the investigated area of the 
Valley and the actual biodiversity level has been empirically studied, in order to establish the 
minimum area to be preserved in order to protect the majority of biodiversity present in the Jalgaon 
district itself. 
From a statistical universe of 647 natural and semi-natural C.B. habitats covering the district, 
habitat samples of growing n dimension have been drawn, completely randomly (and with 
reintroduction). At first n was set equal to 10, then to 20, 30, 40, 50, 60, each time counting both the 
whole area covered by C.B. habitats and the corresponding number of different habitat type present 
(biodiversity level). This procedure was repeated several times to obtain the pattern shown in Figure 
4. 
Observing the graph, it can be inferred, as expected, that the number of different habitats does not 
grow in a linear way with the investigated area quantity, i.e.: it first grows very quickly, then ever 
more slowly, towards a threshold value represented by the 50% of habitat typologies (excluding the 
anthropized ones). In particular can be observed that, with about 20% of the district area is possible 
to protect around the 50% of the biodiversity (in terms of type of habitats). 

 
Figure 4: Cumulative Curve showing the pattern between the percentage of investigated area and the 
corresponding percentage of habitat types, obtained by conducting increasing (in terms of number of 
habitats) random sampling 
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4.2. The structure of the Jalgaon network 
Any network is made up of a fixed part, which represents the starting “skeleton” (whose presence is 
a priori considered fundamental), and of a movable part which is later added using the proposed 
methodology. 
 
Fixed part of the Network is composed by the so called: 
❧ primary knots: they correspond to the current protected areas; inside the Jalgaon District are 

presents two protected areas (i.e. Reserved Forest of Jamner, Vadhoda and Chalisgaon Ranges; 
Yawal wildlife sanctuary; Gautala wildlife sanctuary). Also reserved forests are considered of 
relevant interest and should be included in the Network because represent a typical local habitat 
where many species - at risk of extinction too - live and it is necessary to grant their integrity and 
quality; 

❧ connecting corridors: they correspond to the hydrographical network – a valuable source of 
water in semi-arid countries like India - and comprise the related riparian habitats. In Jalgaon 
District it includes the Tapi River and more than 40 tributaries of it where Girna, Waghur, and 
Bori are the main ones; 

❧ some secondary knots: they correspond with some areas covered by habitats having the highest 
Ecological Value and, at the same time, the highest Risk to loose their identity (i.e. areas to be 
protected). 

 
Movable part of the Network is composed by: 
❧ stepping stones footholds located in a way to represent support points that favor the movement of 

organisms when continuous natural corridors does not exist. Reserved forests, for their spatial 
location (see Fig. 3), can be functional also to the ecological continuity support in a district 
where human pressure is a greater interference and fragmentation source; 

❧ all other parts added by the methodology that are adjacent/next to secondary knots and to 
primary and secondary corridors according to the requested features and defined restrictions by 
the local decision maker (i.e. naturalistic components, minimum covered area, ecological 
indicators, human pressure, current regulations, etc.). 

5. General methodology adopted in planning the Jalgaon network 
The proposed semi-automatic methodology is based on the utilize of a particular software of 
Systematic Conservation Planning (i.e. MARXAN) that, through million of iterations (attempts), 
individuates many scenarios and among them it individuates the «best one», that is the natural 
habitat Network that better achieve the goals and characteristics wished/requested by the decision-
maker (Public Administration or other). 
 
However, the so detected scenario (Network) is subjected to a second careful environmental-
political evaluation by the decision-maker. If it is not considered satisfactory or acceptable more 
new knowledge and/or restrictions will be introduced in the operative system in order to obtain a 
new habitat Network which satisfies, possibly, these new fixed conditions and, as consequence, the 
new goals established by the decision-maker and deriving, in our case, mainly by social-agricultural 
needs. 
Essentially, the proposed semi-automatic method is totally flexible and so it is able to accept (or 
recognize) goals, changes, political and environmental restrictions, fixed by the decision-maker. 
 
All the recovered information will be utilized in order to design the EN in the District. In particular, 
the ecological network so obtained contains and takes into account all the suggestions and 
limitations derived from the researches (results) of all the working groups involved in the project. 
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Afterwards, the methodological approach of Systematic Conservation Planning (Margules and 
Pressey, 2000; Margules and Sarkar, 2007) will be used, exploiting MARXAN software 
potentialities (Ball and Possingam, 2000). This software is considered the most suitable for our 
planning needs, even if there are others which are equally effective and frequently utilized in 
international scientific works (Sarkar et al., 2006) – i.e. ZONATION (Moilanen et al., 2005; 
Moilanen, 2007; Gordon et al., 2009), ResNet (Sarkar et al., 2007.) and C-Plan (Pressey et al., 
2009), etc.. 
In its simplest form the reserve planning problem is concerned with the site spatial allocation for 
biodiversity conservation, so that certain representation and design targets are met in the least 
number of available sites. (Possingham et al, 2000). 
 
Working in this context (background), hereafter are reported the choices made to analyze the 
territory aimed to the EN planning of the study area. 
At first, the conservation features, working as ‘surrogates’ to represent and estimate the biodiversity 
of the area, must be identified: habitat typologies are chosen as conservation features. 
Secondly, being Systematic Conservation Planning a target driven process (Margules and Pressey, 
2000), the conservation goals (targets) were defined a priori. These targets are the minimum surface 
with which each habitat type should be represented in the EN. 
The area investigated (planning region) is divided into discrete areas, called planning units: it is 
decided to operate on a grid of hexagonal regular cells (in order to maximize possible edges among 
units) (Oom et al., 2004; Pagnutti et al., 2005; Hobson et al., 2002; Noss, 2003) of fixed dimension 
(10 hectares), habitat representation scale permitting (1:50,000). 
In Systematic Conservation Planning each planning unit can be included in the selection sites to be 
protected in order to reach the conservation target fixed in advance or be excluded if not providing a 
significant contribution to reach the target. The basic principle of planning unit inclusion is the 
complementarity: a new unit can be added if and only if it improves the biodiversity level of the 
previously selected unit system, favoring the achievement of the settled conservation target. 
MARXAN software allows to evaluate the contribution of each planning unit to the entire system. 
The contribution must be intended as probability that the unit is necessary and/or essential to 
achieve the target (irreplaceability) (Ferrier et al., 2000). The irreplaceability/conservation value 
concept is widely utilized in scientific literature not only in terrestrial applications of Systematic 
Conservation Planning (Carwardine et al., 2007), but also in fresh water (Linke et al., 2008) and in 
marine context (Leslie et al., 2003). 
The lowest number of cells (portfolio) represents the part that can be added to the fixed elements of 
the EN (i.e. the zones essential for their ecological-environmental significance). 
Analytically, the problem of minimizing the amount of complementary areas results in defining an 
objective function present in every systematic planning algorithm. 
The problem solution is complex and it is necessary to have recourse to an algorithm. The most 
modern and efficient among them, adopted in the present research, is included in MARXAN (Ball 
and Possingham, 2000). It makes use of an algorithm based on the following simulation (simulating 
annealing) in order to optimize the problem solution (Kirkpatrick et al. 1983). 
The objective function used in MARXAN is designed so that the lower the value, the better the 
reserve (function minimization). It takes the following form: 

∑∑∑ +×++
cons.feat.sitessites

Penalty(t)TresholdCostPenaltyCFPFBoundaryBLMCost  

where: 
 
Cost is some measure of the cost, area, or opportunity cost of the reserve system. It is the sum of the 
cost measure of each of the n planning units within the reserve system. The cost must be interpreted 
as an ecological cost and evaluated, for each planning unit, according to the following formula: 
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where: EVi is the Overall Ecological Value and ESi is the Overall Ecological Sensitivity of the 
planning unit i. In our case study, each planning unit is composed by different habitat types 
overlapping its areas: consequently each planning unit is assigned the area weighted mean value of 
EV and ES of all the habitat types present in it. 
Boundary is the length of the border surrounding the reserve system. The constant BLM (boundary 
length modifier) is a parameter that directs the model to clusters of planning units together rather 
than selecting several disconnected planning units. If a value equivalent to 0 is given to BLM, then 
the boundary length is not included in the objective function. 
The method by Stewart and Possingham (2005) is used to determine an efficient BLM: it proposes a 
choice on the basis of the trade-off analysis and of the perimeter length of every single EN planned 
starting from a certain BLM value. 
Penalty term is a penalty associated with each underrepresented conservation feature. It is expressed 
in terms of cost and boundary length, and is roughly the cost and additional modified boundary 
needed to adequately reserve a conservation feature which is not adequately represented in the 
current system (i.e. the conservation target is not reached). 
Cost threshold penalty is a penalty applied to the objective function if the target cost is exceeded. It 
is a function of the cost and possibly the boundary of the system, and in some algorithms will 
change as the algorithm progresses (i.e. t in the above formula). 

6. Current results in the realization of an ecological network of Jalgaon district 
Figure 6 represents the skeleton of the network, the most important structural part of it. The Marxan 
methodology works on this skeleton. 

Analysing the skeleton (see Fig. 5) can be simply recognized its constitutive parts: 
❧ primary knots: they correspond to the current protected areas: 

1. wildlife sanctuary (255.76 sq.km corresponding to the 2.17% of the entire district) 
2. reserved forests (1,835.79 sq.km corresponding to the 15.61% of the entire district); 

❧ connecting corridors: they correspond to the riparian habitats (320.18 sq.km corresponding to 
the 2.72% of the entire district); 

❧ secondary knots: they correspond to the HSEAs (837.78 sq.km corresponding to the 7.1% of the 
entire district). 

❧ stepping stones footholds located in a way to represent support points that favor the movement of 
organisms when continuous natural corridors does not exist. Secondly, reserved forests, for their 
spatial location seems to represent (especially in the central part of the district) support points 
that can favor the movement of organisms when continuous natural corridors does not exist. 
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Figure 5: Constitutive parts of the Ecological Network skeleton of Jalgaon district 

As a whole, considering a physiological partial overlap of all the constitutive parts, the EN covers 
an area of 2,136.48 sq.km, equal to 18.17% of the Jalgaon district. Note that 18.17% of the area 
included in the skeleton of the network is already very close the expected value of 20% derived 
from the observation of Figure 4. 
The EN skeleton so defined shows a mean Ecological Value basically in line (1.905) with the 
district one (1.886), in which the great majority of the habitats are rather below the mean ecological 
value of the Jalgaon area. Also the mean Ecological Sensitivity of the habitat comprised in the EN 
is in line (1.433) with the district one (1.414) in which only a minority part of the habitats of is 
characterized by an elevated or high ecological sensitivity. These two results are due to the general 
concentration both of EV and ES values of the habitats in a tight range below the EV and ES mean 
values. 
It should be noted that the thus obtained EN includes all the habitat typologies, assuring great 
protection to the biodiversity currently present in the district. 
 
7. Human Pressure evaluation and its interference with the EN skeleton 

In the Ecological Network planning, we believe management must take into account human 
pressure acting on the habitat mosaic and its foreseeable trend. Therefore, it is clearly necessary to 
analyze the current demographic situation, but mainly its future tendency too. 
So far, the district has been analyzed from an ecological point of view. It is important to note that an 
habitat, and consequently the EN, is not an administrative but a naturalistic partition of the territory. 
However, the landscape management is dealt with by decision-makers at different administrative 
scales, so it is necessary to move to an administrative partition of the territory and in particular to 
the lowest one: the villages/towns. All them were submitted to a demographic analysis using 
demographical data derived from the two official census years (2001 and 2011). The demographic 
analysis is a useful tool to reveal both current human pressure and, especially, its trend in the short 
and medium term. 
The E.N. skeleton concerns the territory of 926 (62%) of the entire number of villages/town of the 
district. 
The district is composed by 1492 villages/towns. 
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A first result of the demographical analysis (see the contribution dedicated to demographical 
analysis inside the present Report) shows that the 1492 villages can be divided in 2 sub-groups 
according to the sign (positive or negative) of the demographical balance between 2001 and 2011 
which depends both of Population Rate of Natural Increase and of Net Migration Rate. 
Combination of this demographical result with the EN skeleton shows that 1,159.83 sq.km of it (i.e. 
54.29%) are comprised in administrative area of villages/towns having a positive demographical 
balance. The spatial distribution of these EN parts is shown below (Fig. 6). 

 
Figure 6: Ecological Network skeleton parts comprised in villages/towns of Jalgaon district having a 
demographical balance between 2001 and 2011 positive (in red) and negative (in blue) 

A second result of the demographical analysis (see the contribution dedicated to demographical 
analysis inside the present Report) reveals that the 1287 Indian villages showing a positive 
demographical balance can be grouped in 5 classes of increasing Anthropic Pressure (score 1 means 
Anthropic Pressure of light intensity while score 5 means Anthropic Pressure very elevated. 
For our purposes it is interesting to pick out the EN skeleton part which is comprised in villages 
showing a positive demographical balance having an intensity score higher than the mean (i.e. 
scores 4 and 5). 
According to this, combination of this second demographical result with the EN skeleton shows that 
58.03 sq.km of it (i.e. 2.72%) are comprised in administrative area of villages/towns having 
Anthropic Pressure intensity score of 4 and 5. The spatial distribution of these EN skeleton parts, 
which should be subjected in future to the highest Anthropic Pressure is shown below (Fig. 7) 
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Figure 7: Ecological Network skeleton parts comprised in villages/towns of Jalgaon district having High-
Elevated (in grey) and Mean-Low (in red) positive AP and negative AP (in blue) 
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DEMOGRAPHICAL DATA ANALYSIS OF 1492 VILLAGES IN JALGAON 
DISTRICT (MAHARASHTRA STATE - INDIA): CONCLUSIONS AND 
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1 Objective of the research 
The principal aim of this analysis is to individuate and to characterize the general trends of the 
Anthropic Pressure burdening on the natural environment of 1492 Indian villages belonging to the 
Jalgaon District (Maharashtra State - India). 
The traditional agriculture which characterizes these Indian villages is of extensive type and it is 
always searching for new natural areas to be cultivated in order to face the alimentary needs of a 
population which is always growing. Although these practices are strictly correlated to real needs 
they cause a continuous erosion of the local biodiversity and undermine the sustainability in time of 
the agricultural productivity. 
We used the demographical traits of these Indian villages as good predictors of the type and of the 
intensity of the pressures due to the human activities exercised on the natural environment 
surrounding the same villages. 
In effect it is well-known (Giupponi et al., 2006; Armenteras et al., 2006; Hietel et al., 2007; Rossi 
et al., 2008) the strict relationship between demographical features of a population living on a given 
environment and the naturalistic characteristics of the same environment. 

2 The data and the demographical indicators 
Each village is described by 3 demographic indicators: Population Density, Population Rate of 
Natural Increase and Net Migration Rate. 
The indicators utilized derive from data collected in occasion of two consecutive national Indian 
censuses during 2001and 2011. 
 
POPULATION DENSITY is expressed by the formula: 
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POPULATION RATE OF NATURAL INCREASE is expressed by the formula: 
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3 Results of some preliminary descriptive analyses 

In Tables 1, 2, 3 and in Figures 1, 2, 3 the results of some preliminary analyses of the 
demographical indicators are given. 
Table 1. Some descriptive statistics of the POPULATION DENSITY referred to 1492 Indian villages (2011 
National Census, Jalgaon District, India). 

Mean Std. Dev. Std. Error Minimum Maximum Range 
417.18 781.87 20.24 12.60 11638.91 11626.31 

 
In Table 1, and in the all the other tables below, the word “Count” represents the number of 
villages. 
 

 
Figure 1. POPULATION DENSITY histogram of 1492 Indian villages (2011 National Census, Jalgaon 
District, India). 

 
Table 2. Some descriptive statistics of the POPULATION RATE OF NATURAL INCREASE referred to 1492 
Indian villages(2001-2011 National Census, Jalgaon District, India). 

Mean Std. Dev. Std. Error Minimum Maximum Range 
106.90 133.25 3.45 -345.05 1704.92 2049.97 
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Figure 2. POPULATION RATE OF NATURAL INCREASE histogram of 1492 Indian villages (2001-2011 
National Census, Jalgaon District, India). 

Table 3. Some descriptive statistics of the NET MIGRATION RATE referred to 1492 Indian villages (2001-
2011 National Census, Jalgaon District, India). 

Mean Std. Dev. Std. Error Minimum Maximum Range 
51.29 189.92 4.92 -2390.23 1446.59 3836.82 

 

 
Figure 3. NET MIGRATION RATE histogram of 1492 Indian villages (2001-2011 National Census, Jalgaon 
District, India) 
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It is worthwhile to observe that: 
a. for all the three demographic indicators the dispersions of the mean values are really high; in 

effect the dispersions of the data, expressed by the standard deviations, are always greater than 
the corresponding means (see Tables 1, 2, 3); 

b. for all the three indicators the medians (expressed as 50% percentiles) are always very lower 
than the corresponding means: median=255.01 for the Population Density (mean=417.18); 
median=76.43 for Population Rate of Natural Increase (mean=106.89); median=32.24 for the 
Net Migration Rate (mean=51.29). The strong right asymmetry of the histograms represented in 
Figures 1, 2, 3 confirms these numerical results; 

c. both the ranges of the Population Rate of Natural Increase and of the Net Migration Rate 
include many negative values; 

d. mean value of the Population Density of these 1492 villages is somewhat greater (+33.37%) of 
that of the entire Jalgaon District (mean=312.79; 2011 Census) and also (+14.24%) of that of 
Maharashtra State (mean=365.19; 2011 Census). 

4 Individuation of 2 subgroups inside the original group of 1492 villages 
The numerical results given in Tables 1, 2, 3 suggest that from demographical point of view the 
original group of 1492 Indian villages is characterized by an high degree of heterogeneity. 
In front of this first observation an essential and preliminary aim of the analysis is to try to 
subdivide the original group of 1492 villages in some smaller sub-groups each one of them 
containing a number of villages more demographical similar. 
Referring to this first objective, the 1492 villages can be divided in 2 sub-groups according to the 
sign (positive or negative) of the demographical balance which depends both of Population Rate of 
Natural Increase and of Net Migration Rate. 
The 1st sub-group is represented by those villages for which the (algebraic) demographic balance 
(Population Rate of Natural Increase + Net Migration Rate) is >0 (positive). 
These villages are 1287 (86.26% of the total) and the corresponding histogram is given in Figure 4. 
 

 
Figure 4. Histogram representing the distribution of 1287 villages for which the demographic balance 
(Population Rate of Natural Increase + the Net Migration Rate) is >0 (positive). 
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Note the strong right asymmetry of the distribution. 
The mean population density of this 1st sub-group, equal to 426.79 inhab/sq.km, is relatively greater 
than that of the entire group of 1492 villages (see Table 1). 
The 2nd sub-group includes all the other villages for which the demographic balance (Population 
Rate of Natural Increase + Net Migration Rate) is ≤0. This sub-group includes 205 villages (13.74 
% of the total); for 3 villages the demographic balance is exactly equal to 0. 
As expected the mean population density of the 2nd sub-group, equal to 356.79 inhab/sq.km, is 
sensibly smaller both of that of the 1st sub-group and of that of entire group of villages. 
 

 
Figure 5. Histogram representing the distribution of 205 villages for which the demographic balance 
(Population Rate of Natural Increase + Net Migration Rate) is ≤0 (negative). 

Note that also for the 2nd sub-group (Figure 5) of villages the distribution is characterized by a 
strong (in this case left) asymmetry. 
The essential assumption beyond this division in 2 sub-groups is the following one: 
In the 1st sub-group of villages we expect that the population volume tends to increase in the next 
future owing to their current positive demographic balance. Consequently we expect also an 
increase of the Anthropic Pressure acting on the natural environment of these villages. 
In the 2nd sub-group we expect the opposite situation: a decrease of the Anthropic Pressure. 

5 Characterization of the 2 subgroups of Indian villages 

5.1 1st Sub-group: Villages with positive demographic balance 
Remembering that the main aim of the research is to individuate and to characterize the general 
trends of the Anthropic Pressure burdening on the natural environment of these Indian villages, it 
seems that 1st sub-group of 1287 (86.26% of the total) is the more interesting one. 
Moreover it seems that while the value of the Population density of 2011 census can be considered 
an indicator of a current Anthropic Pressure, the value of the demographic balance - being referred 
to the time interval 2001-2011 and being the result of the combination of two different dynamic 
demographical components acting not always in the same direction - can be considered a good 
indicator not only of the direction (increasing in this case) but also of the intensity of the Anthropic 
Pressure to be expected in the next future (after 2011). 
The possible relationship between the density values of each village and the corresponding value of 
the demographic balance can be evaluated by the calculation of the correspondent coefficient r of 
the correlation. After logarithmic transformation of the original data both of Population density and 
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of demographic balance in order to obtain the normality of the distributions requested by the 
calculation of the coefficient r of linear correlation (Figures 6 and 7) the value of r obtained is equal 
to -0.0154. The very low value of r confirms the substantial independence between the population 
density and the correspondent value of the demographic balance. 
 

 
Figure 6. Histogram of the Population Density of 1287 Indian villages after logarithmic (base 10) 
transformation. 

 
Figure 7. Histogram of the demographical balance of 1287 Indian villages after logarithmic (base 10) 
transformation. 

The values of demographical balance of the 1287 Indian villages have been grouped in 5 classes of 
increasing Anthropic Pressure (Table 4). From a comparative point of view the intensity of the 
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Anthropic Pressure of each class can be approximately measured by a numerical score ranging from 
1 (Anthropic Pressure of light intensity) to 5 (Anthropic Pressure very elevated). 
Table 4. Distribution of 1287 Indian villages with positive demographic balance in 5 classes according to 
different levels of Anthropic Pressure intensity. 

Class limits of demographic balance Frequency Intensity of Anthropic Pressure Score 
< 200 840 Light 1 

200-399.99 323 Modest 2 
400-599.99 71 Mean 3 
600-799.99 27 Elevated 4 
≥ 800 26 Very Elevated 5 

 

 
Figure 8. Histogram representing the % of Indian villages according to the gradient of Anthropic Pressure 
intensity (see also Table 4). 

Note (Fig. 8) the strong negative correlation between the % of Indian villages with a positive 
demographic balance and the intensity of Anthropic Pressure. In effect the villages with Light 
Anthropic Pressure are (840/1287) corresponding to 65.27% (almost 2 out 3), while the villages 
with Elevated and Very Elevated Anthropic Pressure are [(27+26)/1287] corresponding to 4.12% 
(less of 1 out 20). 
Inside the villages with a positive demographic balance it is possible to recognize 3 types of villages 
corresponding to 3 different types of demographic balance (Table 5): 
■ villages with demographic balance characterized by a positive value both of Population Rate of 

Natural Increase and of the Net Migration Rate; in the continuation of this study these villages are 
called “G+I+”; they are 936 (72.73%); 

■ villages with demographic balance characterized by a negative value of Population Rate of 
Natural Increase and by an increase of the Net Migration Rate; these villages are called “G-I+” and 
are 55 (4.27%); 

■ -villages characterized by a positive value of Population Rate of Natural Increase and by a 
negative value of the Net Migration Rate; they are called “G+I-” and are 296 (22.99%). 

Table 5. Classification of 1287 Indian villages with a positive demographic balance according to 5 levels of 
Anthropic Pressure intensity and to 3 types of demographic balance. 

Demographic 
Balance 

Anthropic Pressure Score Total 1 2 3 4 5 

G+I+ 558 
(610.91) 

271 
(234.91) 

63 
(51.63) 

22 
(19.63) 

22 
(18.90) 936 

G-I+ 48 
(35.90) 

6 
(13.80) 

1 
(3.04) 

0 
(1.15) 

0 
(1.12) 55 

G+I- 234 46 7 5 4 296 
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(193.19) (74.29) (16.33) (6.22) (5.98) 
Total 840 323 71 27 26 1287 

For the meaning of the symbols G+I+, G-I+, G+I- see the text above. 
In each cell of the table the frequency observed is compared to the correspondent expected value 
(within brackets) under the hypothesis of independence between the columns (intensity levels of 
Anthropic Pressure) and the rows (types of demographic balance). The time interval considered is 
the decade 2001-2011. 
The relationships between the 3 different types of demographic balance and the 5 levels of the 
intensity of the Anthropic Pressure has been investigated by 2χ  analysis applied to the data given in 
Table 5. The statistical analysis gives a value of 2χ  equal to 53.72, with 8 degrees of freedom, 
which is statistically significant (P<0.001) and therefore the independence between intensity of  
Anthropic Pressure levels and the typology of demographic balance can be rejected. 
This statistical result is really interesting because it affirms that the behaviour of the 3 different 
types of demographic balance along the gradient (from 1 to 5) of the Anthropic Pressure is not the 
same (Figure 9). 
 

 

Figure 9. Trends of the 3 types of the demographic balance with the increase of the Anthropic Pressure. For 
the meanings of the symbols G+I+,G-I+,G+I- see text. 

The attentive observation and comparison of Figure 9 confirms and makes clear the statistical result 
obtained by the 2χ  analysis: while the % of the 1287 villages with a demographic balance of type 
G+I+ tends to increase strongly along the gradient of Anthropic Pressure passing from 66.43% 
(Anthropic Pressure=1) to 84.62% (Anthropic Pressure=5) the other two types of demographic 
balance(G-I+; G+I-) show an opposite negative trend passing (example G+I-) from 27.86% 
(Anthropic Pressure=1) to 15.38% (Anthropic Pressure=5). 
Summarizing, the principal results obtained from the analysis concerning 1287 villages with 
positive demographic balance with reference to the 2001-2011 decade can be the following: 
1. the Indian villages with positive demographic balance are 1287 corresponding to 86.26% of the 

total; their mean value of Population Density is sensibly greater of that of the entire group of 
villages; 

2. taking into account the intensity of the demographic balance, the 1287 Indian villages can be 
placed along a gradient of Anthropic Pressure to be expected in the next future; 
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3. the gradient of Anthropic Pressure can be subdivide in 5 classes of increasing Anthropic 
Pressure: Light (score=1); Modest (score=2); Mean (score=3); Elevated (score=4); Very 
Elevated (score=5). 

4. the % of villages belonging to the 5 classes of increasing Anthropic Pressure are very different 
passing from 65.27% villages with a Light Anthropic Pressure to 2.02% villages with a Very 
Elevated Anthropic Pressure; 

5. inside the 1287 Indian villages with a positive demographic balance it is possible to recognize 3 
types of villages corresponding to 3 different types of demographic balance: 
■ villages with a positive value both of Population Rate of Natural Increase and of the Net 

Migration Rate; in this study these villages are called G+I+; they are the majority, 72.73% of 
the total; 

■ villages with demographic balance characterized by a negative value of Population Rate of 
Natural Increase and by an increase of the Net Migration Rate; these villages are called G-I+ 
and they are very few, 4.27% of the total; 

■ villages characterized by a positive value of Population Rate of Natural Increase and by a 
negative value of the Population Rate of Natural Increase; they are called G+I- and are 22.99% 
of the total. 

6. While the % of the 1287 villages with a demographic balance of type G+I+ tends to increase 
strongly along the gradient of Anthropic Pressure the other two types of demographic balance 
(G-I+; G+I-) show an opposite negative trend. 

Remembering the main aims of this research it seems that conclusions of general type deriving from 
these so numerous results are essentially two: 
1. The great majority of the Indian villages ([(840+323+71)/1287] corresponding to 96%; see 

Table 5) is characterized by an Anthropic Pressure of light, modest and mean intensity. 
Very probably these villages will show an increase of Anthropic Pressure intensity in the next 
future, with particularly reference to those villages [(558+271+63)/1287] corresponding to 
almost 70%) whose demographic balance is supported by positive values both of Population 
Rate of Natural Increase and of the Net Migration Rate. 

2. For a very minority part of the 1287 villages [(22+22+5+4)/1287] corresponding to 4.12%, less 
than 1 out 20), with elevated and very elevated Anthropic Pressure, the probability to increase 
further the Anthropic Pressure is low, also owing their very elevated mean Population Density 
(about 700 inhab/sq.km, more than double of that of the Jalgaon District; 2011 Census). 

5.2 Villages with negative demographic balance 
The 205 villages with negative demographic balance in the decade 2001-2011 can be divided in 5 
classes according to the intensity of the decrease of the demographical balance itself. The class 
interval is the same of that utilized for the villages with positive demographical balance. 
Table 6. Classification of 205 Indian villages with a negative demographic balance according to 5 levels of 
Anthropic Pressure intensity. 

Class limits of demographic balance Frequency Intensity of Anthropic Pressure Score 
> -200 184 Light 1 

≤-200 & >-399.99 14 Modest 2 
≤ -400 & >-599.99 4 Mean 3 
≤ -600 & >-799.99 1 Elevated 4 

≤-800 2 Very Elevated 5 

Note that the demographic balance of the 90% of these villages, in the decade 2001-2011, shows a 
light decrease and consequently for the same villages it is expected in the next future a light 
decrease of the Anthropic Pressure on the environment. 
The mean populations density (2011 census) is 356.84 inhab/sq.km, greater than that of the Jalgaon 
District (312.79) but smaller than that of the Maharashtra State (365.19). 
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Inside the 184 villages for which a light negative decrease of Anthropic Pressure is expected in the 
next future, 168 villages (82% of the total) have a demographic balance characterized by a positive 
Population Rate of Natural Increase but also by a strong and greater negative value of the Net 
Migration Rate. 
These 168 villages, although formally with a negative demographical balance, should be taken in an 
attentive consideration. 
In effect the probability that they can present a slight positive demographic balance in the next 
future is not so low owing to the fact that they have a positive Population Rate of Natural Increase 
and their mean population density equal to 387.73 inhab/sq.km is not so distant from that of the 840 
villages (402.28) with slight positive demographic balance given in Table 5. 

6 Cartographic representation of the 2 villages sub-groups according to their demographic 
balance. 

In Figure 10 the cartographic representation of the two villages sub-groups according to their 
demographic balance is given. The colour red or green distinguishes if for a given village the 
Anthropic Pressure expected in the next future will be increasing (red) or decreasing (green). 

 

Figure 10. Spatial distribution of the 2 Anthropic Pressure trend sub-groups of Jalgaon District villages. 
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The intensity level of the increasing Anthropic Pressure is given for each one of the 1287 villages in 
Figure 11. The colour utilized individuates for each village the intensity of the increasing Anthropic 
Pressure. 

 
Figure 11. Spatial distribution with Intensity level of the Anthropic Pressure of the 1287 Jalgaon District 
villages with positive (i.e. increasing) trend. 
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SOIL EROSION BY WATER IN THE JALGAON DISTRICT 
(MAHARASHTRA STATE - INDIA), ESTIMATED ACCORDING TO THE 
USLE METHOD 
 
R. Comolli, C. Dipietro 
(Department of Earth and Environmental Sciences - Milan Bicocca University, Milan) 
 
 

1 Model selection  
Considering the limited data available, it was decided not to apply the RUSLE model, which 
requires a very specific and detailed input, which is not available for the study area. The estimation 
model that best fits the actual situation is the USLE – Universal Soil Loss Equation (Wischemeier 
& Smith, 1978), which can be applied with relatively limited knowledge.  
 

2 Factors of the USLE model 
The model takes into account six factors (R, K, L, S, C, P), that will be discussed below. For the 
calculation were used mainly the USLE manual (USDA-SCS; Wischemeier & Smith, 1978) and the 
Excel spreadsheet created by P. Bazzoffi (CRA –ABP, Florence; Bazzoffi, 2013).  

2.1 R factor 

R factor defines and takes into account the climatic erosivity due to rainfall (quantity and intensity). 
For the calculation, and considering the available data, a simple method was applied, using monthly 
precipitation data collected by the Jalgaon MJ College meteorological station, available for the 
years 2003-2011.  
Starting from the monthly data, we calculated the index of Fournier modified by FAO:  
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where: 
Pm = Monthly average precipitation (mm)  
Pa = Annual average precipitation (mm)  
 
The following empirical equations (Bazzoffi, 2007) were applied to estimate R: 
 

n. Author Equation 

1 Arnoldus (1980) – linear R = ((4.17 × F) – 152) × 17.02 

2 Arnoldus (1977) – exponential R = 0.302 × F1.93 

3 Renard and Freimund (1994) – F R = 0.739 × F1.847 

4 Renard and Freimund (1994) – P R = 0.0483 × Pa1.61 

5 Lo et al. (1985) R = 38.46 + 3.48 × Pa 

6 Yu and Rosewelt (1996) R = 3.82 × F1.41 

 
Cosidering the results obtained applying the different formulas, it was decided to select the 
empirical equation of Yu and Rosewelt, which gives an average R value for Jalgaon equal to 6767. 
Having the average data of annual precipitation for 14 other stations of the Jalgaon district 
(corresponding to the Talukas) and by relating the value of annual precipitation for each of them 
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with that of Jalgaon, it was possible to estimate (in a proportional way) the R value for each station, 
with these results: 
 

Station Rain mm R factor 
Yawal 627 5765 
Raver 510 4689 

Bhusawal 542 4983 
Amalner 479 4404 
Bodwad 685 6298 
Parola 564 5186 

Erandol 686 6307 
Pachora 657 6041 

Edalabad 571 5250 
Dharangaon 586 5388 
Chalisgaon 696 6399 
Bhadgaon 632 5811 

Jamner 516 4744 
Chopda 695 6390 
Jalgaon 736 6767 

 
The R factor was then spatialized (ordinary kriging; spherical model) obtaining the R value for each 
pixel of the map (Fig. 1).  
 

 
Figure 1. R factor 
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2.2 K-Factor  

The soil erodibility factor (K) is the soil loss rate per unit of R from a parcel 22.1 m long, with a 
uniform slope of 9%, maintained consistently harrowed and devoid of vegetation. 
Using the classic USLE method, the estimate of K was performed considering the taxonomy of the 
soil, and the surface texture and the organic matter content coming from soil analyses (0-10 cm 
samples, representative of the various taxonomies): 

K = [(12-a)×0.00021×M1.14+3.25×(b-2)+2.5×(c-3)]/100 

where:  
M = (% silt+% fine sand)×(100-% clay); 
a = organic matter (%); 
b = structure code (1 to 4); 
c = permeability code (1 to 6). 
 

Table 1. Codes for structure. 

Structure Code 
Very fine granular 1 

Fine granular 2 
Medium or coarse granular 3 

Polyhedral, prismatic, platy, massive 4 
 

Table 2. Soil permeability evaluation 

Code Permeability Value 
(cm h-1) Soil characteristics 

1 rapid >12.7 sandy or sandy-skeletal texture 
2 from moderate to rapid 6.4-12.7 granular or polyhedral structure; or not big prismatic structure 
3 moderate 2.0-6.4 18-35% clay and good structure 
4 from slow to moderate 0.5-2.0 18-35% clay and weak structure, or >35% clay and good structure 
5 slow 0.1-0.5 moderate cementation, or >35% clay and weak structure 
6 very slow <0.1 strong cementation, or massive horizon with >35% clay 

 
Following are the results (it should be noted that in subsequent calculations we used the K-factor 
according to the SI units - last column on the right - in order to obtain the final values in t ha-1 y-1 
and not in US units). The map produced is shown in Fig. 2. 
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Clayey, Mixed, Leptic Haplusterts Silty clay loam 47 10 38 0.48 4 5 0.383 0.050 
Clayey, Mixed, Typic Haplustepts Clayey 25 20 50 0.74 4 5 0.272 0.036 

Clayey, Montmorillonitic, Lithic Haplustepts Clayey 20 20 55 0.52 4 6 0.264 0.035 
Clayey, Montmorillonitic, Lithic Ustorthents Loamy 35 40 20 0.58 3 4 0.544 0.072 
Clayey, Montmorillonitic, Typic Haplustepts Clay loam 27 30 38 0.72 4 5 0.378 0.050 
Clayey, Montmorillonitic, Vertic Haplustepts Clayey 20 20 55 0.72 4 6 0.262 0.034 

Clayey-skeletal, Montmorillonitic, Lithic Ustorthents Gravelly clay 20 20 55 0.55 4 6 0.264 0.035 
Clayey-skeletal, Montmorillonitic, Lithic Ustorthents Gravelly clay loam 30 30 35  4 5 0.428 0.056 
Clayey-skeletal, Montmorillonitic, Typic Ustorthents Gravelly clay loam 30 30 35 0.74 4 5 0.408 0.054 
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Coarse loamy, Mixed, Typic Ustifluvents Silty loam 60 20 15 0.57 3 2 0.569 0.075 
Fine loamy, Mixed, Typic Haplustepts (Alk) Sandy loam 22 55 18 0.58 3 3 0.548 0.072 

Fine loamy, Montmorillonitic, Typic Haplustepts Silty loam 55 20 20 0.48 3 4 0.548 0.072 
Fine, Mixed, Leptic Haplusterts Clayey 25 20 50 0.77 4 5 0.271 0.036 

Fine, Montmorillonitic, Chromic Haplusterts Clayey 20 20 55 0.41 4 6 0.265 0.035 
Fine, Montmorillonitic, Leptic Haplusterts Clayey 20 20 55 0.46 4 6 0.265 0.035 
Fine, Montmorillonitic, Vertic Haplustepts Clayey 25 20 50 0.74 4 5 0.272 0.036 

Loamy, Mixed, Lithic Ustorthents Gravelly sandy loam 28 55 12 0.48 3 2 0.621 0.082 
Loamy, Montmorillonitic, Lithic Ustorthents Gravelly sandy clay loam 7 55 33 0.72 3 4 0.373 0.049 
Loamy, Montmorillonitic, Lithic Ustorthents Gravelly sandy loam 25 55 15 0.72 3 2 0.562 0.074 
Loamy, Montmorillonitic, Typic Haplustepts Clay loam 35 30 30 0.33 3 4 0.420 0.055 
Loamy, Montmorillonitic, Typic Haplustepts Gravelly sandy clay loam 7 55 33 0.33 3 4 0.384 0.051 
Loamy, Montmorillonitic, Typic Ustorthents Clay loam 35 30 30 0.72 3 4 0.408 0.054 
Loamy, Montmorillonitic, Typic Ustorthents Gravelly sandy loam 25 55 15 0.72 3 2 0.562 0.074 
Loamy, Montmorillonitic, Typic Ustorthents Sandy clay loam 7 55 33 0.72 3 4 0.373 0.049 
Loamy-skeletal, Mixed, Lithic Ustorthents Gravelly sandy clay loam 10 55 30 0.67 3 4 0.410 0.054 

Loamy-skeletal, Montmorillonitic, Lithic Ustorthents Gravelly sandy clay loam 7 55 33 0.38 3 4 0.383 0.050 
Loamy-skeletal, montmorillonitic, Lithic Ustorthents Gravelly sandy loam 25 55 15 0.62 3 2 0.567 0.075 

 

 
Figure 2. K factor 
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2.3 LS factor  

The topographic factor (LS) is the relationship between the erosion of soil with a specific 
topography, and the same soil in a plot with a length of 22.1 m and a 9% slope. The calculation can 
not be applied to slopes with a length exceeding 341 m.  
LS was obtained using the following equation:  

LS = (0.065+0.045 pend+0.0065 pend2) × (length/22.13)m 
where:  
length = length of the slope (m)  
pend = slope (%)  
m = 0.2 (for slope <1%); 0.3 (for slope 1-3%); 0.4 (for slope 3-5%); 0.5 (for slope>5%)  
 
If the calculated value of LS exceeded 20, it was limited to 20. In any case, according to the USLE 
model, the LS factor can not be less than 0.1, even if the soil is level. The obtained map is shown in 
Fig. 3. 
 

 
Figure 3. LS factor 

2.4 C factor 

The C factor represents the ratio between the erosion of a soil with a specific vegetation cover, and 
the same soil left bare the whole year. For a variety of agricultural crops and natural vegetation 
factor C has been calculated, depending on the stage of the crop, the production level, and the 
agronomic management (type of soil tillage, presence of mulch, workings after sowing, etc.). C 
values have also been calculated for shrub and tree formations.  
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For example, in the case of wheat, the C value varies between 0.10 and 0.40; for cotton between 
0.40 and 0.70; a grassland or pasture with very large grass cover can reach values of 0.01, that can 
significantly reduce the overall soil erosion. 
Evaluating the data of the canopy cover, the height of the foliage on the soil and the percentage of 
area covered by mulch or plant litter, it was possible to calculate an average value of C factor.  
 
The C factor estimation was performed for each of the uses and land covers (LULC) identified in 
the study area. The calculations were made using tables and equations proposed by the USLE 
model. Here are the results (see also Fig. 4): 
 

 Land cover (%) 

Notes Estimated 
C-factor Land Use & Land Cover 

Type 

High 
trees 
(>10 
m) 

Low 
trees 
(4-10 

m) 

Shrubs 
(<4 m) Herbs Litter Bare 

soil 

Agriculture fallow 5 0 0 10 0 90  0.92 

Agriculture within the forest 20 10 10 50 20 30 

two different land uses: 
the agricultural one 
covers 60% of the 

surface; inside it the 
herbaceous one covers 

60% as an annual 
average 

0.08 

Agriculture Kharif crop 5 0 0 50 0 50 maize 0.18 
Annual crop 5 0 0 100 30 30  0.04 
Barren land 0 5 20 30 0 70  0.29 

Forest – Anjan 5 40 10 70 5 25  0.04 
Forest – Bamboo 10 0 80 0 80 20  0.04 

Forest - Mixed dry deciduous 10 50 30 60 30 10  0.02 
Forest – Salai 20 40 20 80 20 0  0.02 
Forest – Teak 10 40 40 30 50 20  0.05 

Grassland 5 0 0 100 0 0  0.04 
Gullied land 0 2 10 70 0 30  0.08 

Harvested land 0 0 10 30 0 70  0.33 
Riparian forest 20 60 20 50 30 20  0.03 
Salai – Mixed 20 30 20 60 20 20  0.03 

Saline soil exposed surface 0 0 10 30 0 70  0.36 
Scrub - Prosopis julifera 0 60 60 30 50 20  0.06 

Scrub – Mixed 0 0 50 10 20 70  0.25 
Teak – Mixed 10 40 40 30 50 20  0.05 
Water body 0 0 0 0 0 -  - 
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Figure 4. C factor 

2.5 P factor  

In the absence of anti-erosion practices, by definition P = 1. Consequently, it was postulated that P 
factor was = 1 throughout the intere study area. 
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3 Calculation of the final soil erosion by water 

Water erosion (t ha-1 y-1) = R×K×LS×C×P 
Example: 9431×0.05×0.1×0.33×1 = 15.6 t ha-1 y-1. 
 
In Fig. 5 is shown the map of the estimated soil erosion. 
 

 
Figure 5. Estimated soil erosion by water 

4 Judgment and classification of soil erosion  
According to the USDA (Soil Conservation Service) approach, tolerable erosion is approximately 
11 t ha-1 y-1. Under no circumstances the erosion is zero (consider, for example, that the topographic 
factor LS can never be lower than 0.1, even in a level soil). The following classes of water erosion 
were defined (see also Fig. 6): 
 

Soil erosion by water 
(t ha-1 y-1) Judgement 

0.1-11 slight 
11-20 moderate 
20-40 rather strong 
40-80 strong 

80-120 very strong 
>120 extremely strong 
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Figure 6. Estimated soil erosion by water (classified) 

Indeed, the last class includes also values much higher than 120 t ha-1 y-1. The highest value 
calculated (2586 t ha-1 y-1) seems absolutely overestimated: it corresponds to an annual loss of about 
20 cm soil thickness, not compatible with sheet or rill erosion (not incompatible, however, with 
mass erosion, not considered by the USLE model). 
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THE FERTILITY CAPABILITY SOIL CLASSIFICATION IN THE JALGA-
ON DISTRICT (MAHARASHTRA STATE - INDIA) 
 
R. Comolli, C. Dipietro 
(Department of Earth and Environmental Sciences - Milan Bicocca University, Milan) 
 
 

1 Definitions and methods 
The fertility capability soil classification (FCC) system was developed beginning from 1975 to in-
terpret soil taxonomy and additional soil attributes in a way that is directly relevant to plant growth 
(Buol and Couto, 1981; Sanchez et al., 1982, Sanchez et al., 2003).  
The FCC system is widely used and is included in the worldwide FAO digitized soils map at a reso-
lution of 10 km2. It is used at national and provincial scales in several countries. 
FCC deals only with inherent soil properties that cannot be easily changed with time. FCC consid-
ers topsoil parameters as well as specific subsoil properties. 

2 The FCC system  
The FCC system consists of two categorical levels. The first category—type/substrata type—
describes topsoil and subsoil texture and is expressed in capital letters (S—sandy throughout; SC—
sandy topsoil underlain by a clayey subsoil, etc.). The second category—condition modifier—
consists of modifiers defined to delimit specific soil conditions affecting plant growth with quantita-
tive limits. Each condition modifier is expressed as a lowercase letter. Superscripts + or - indicate a 
greater or lesser expression of the modifier.  
The type/substrata type and condition modifiers represent the soil attributes in terms of their capa-
bility for plant growth. 
Each soil has only one type/substrata type but can have several condition modifiers. For example, a 
soil classified as Caik is clayey, Al-toxic, high P fixer and low in weatherable mineral content.  

3 Methods 
The application of the FCC system in the Jalgaon District requires the availability of detailed soil 
informations, with accurate description of the mapping units of the soil map and descriptions of rep-
resentative soil profiles. At present, it is available a soil map in approximately 1:100,000 scale, with 
taxonomical indications, but without informations about soil profiles described in the study area. 
This lack makes not possible to fully implement the FCC system. For example, the soil map doesn't 
show data about soil salinity or chemical fertility. With the available informations, however, it is 
possible to map some important characters (type, substrata type, some modifiers). The obtained 
maps could be improved if more detailed soil informations became available. 
 
The evaluation of the FCC for Jalgaon District soils was based mainly on the following data:  
■ existing soil map, mostly from the point of view of USDA taxonomy (Soil Survey Staff, 1999) 

and of the informations provided by the nomenclature; 
■ analytical (physical and chemical) data of 22 surface samples (0-10 cm depth), representative of 

soil types of the area; 
■ map of slope (based on a 30 m resolution DEM) and map of soil erosion (see separate report), 

used for further evaluations not foreseen by the original FCC system. 
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4 Application of the FCC system in the Jalgaon District 

4.1 Type and substrata type 
The FCC system makes use of these symbols: 
 

FCC class Symbol Definition 

Type: texture is the average  
of plow layer or 0 –20 cm depth,  

whichever is shallower 

S sandy topsoil: loamy sands and sands 

L loamy topsoil: < 35% clay but not loamy sand or 
sand 

C clayey topsoil: >35% clay 

O organic soil: >12% organic C to a depth of 50 cm or 
more 

Substrata type: used if textural change  
is encountered within top 50 cm 

S sandy subsoil: loamy sands and sands 

L loamy subsoil: < 35% clay but not loamy sand or 
sand 

C clayey subsoil: >35% clay 
R rock or other hard root-restricting layer within 50 cm 

R- as above, but layer can be ripped, plowed or blasted 
to increase rooting depth 

 
For the study area the topsoil/subsoil type was defined according to: a) the taxonomy of the soil 
(particle-size classes); b) the indication of Lithic (rock substrate within 50 cm from the surface); 
and c) the indication of Leptic (not included in Soil Taxonomy, but used in World Reference Base 
for Soil Resources (IUSS Working Group WRB, 2014): rock within 100 cm from the surface).  
In the study area the following cases were identified (Fig. 1): 
■ C: deep soils rich in clay 
■ CR: shallow soils on rock substrate, with a clayey topsoil  
■ L: deep soils with a loamy texture 
■ LR: shallow soils on rock substrate, with a loamy topsoil 
 
The map in Fig. 1 shows that the clayey texture affects most of the soils of the District. The soils 
with a loamy texture are much less widespread. The soils with a sandy texture are not present at all. 
The map shows also that shallow soils are common, and occupy especially the central portion of the 
District. 
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Figure 1. Type and substrata type, with the indication of topsoil and subsoil characteristics 
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5 Modifiers 

Excessive gravel content (r) 
The modifier r+ was used for soils with a loamy-skeletal or clayey-skeletal particle-size class (grav-
el more than 35% by volume); the modifier r was attributed to soils with a gravelly but not skeletal 
particle-size class.  
Gravel reduces the available water capacity of soils and makes tillage difficult, often damaging 
equipment. The soils with an excessive gravel content are not widespread, except in the north and in 
some parts of the central area (Fig. 2). 
 

 
Figure 2. Excessive gravel content (modifier r) 

Soil moisture stress (d) 
It was not produced a map of this modifier, because the whole area, without exception, possess a 
xeric soil moisture regime, and is subjected to water stress during great part of the year. 
 
 
 
 
 
 
 
 
 
 
 
 
 



109

Calcaric (b) 
This modifier is assigned to soils with free carbonates or pH>7 that are often deficient in micronu-
trients, particularly iron and zinc. Some soils also show imbalances between calcium, magnesium 
and potassium. They are widespread in the study area, with limited exceptions (Fig. 3). 
 

 
Figure 3. Calcaric (modifier b) 
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Vertic (v) 
This modifier is assigned to soils with a significative presence of shrink-swell clays, that determine 
vertic  processes, with cracking when dry. These soils have unfavourable physical properties for ag-
riculture, forestry and particularly for civil engineering. Vertisols (the soils with these characteris-
tics) have generally high fertility, but some are deficient in phosphorus and do not have high con-
tents of soil organic matter. The dominance of smectitic clay minerals makes them very sticky when 
wet. In the study area it is a characteristic of Vertisols and Vertic subgroups, that possess a mont-
morillonitic clay mineralogy. The modifier v has a large distribution, with a notable exception in the 
northern part of the area (Fig. 4). 
 

 
Figure 4. Vertic (modifier v) 
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Low CEC (e) 
This modifier is assigned to soils with a CEC (cation exchange capacity) lower than 10 cmol(+) kg-1. 
The estimation of CEC took into account clay and organic matter content and contemplate also the 
taxonomy of the soil. These soils have a high leaching potential (leaching of nutrient cations and 
anions represents a major loss mechanism, potentially affecting water quality if such soils are inten-
sively fertilized) and a limited power to retain cations (Ca, Mg, K) necessary for plant nutrition.  
The modifier is quite common in the study area, particularly in the central part and along the rivers 
(Fig. 5). 
 

 
Figure 5. Low CEC (modifier e) 
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Low SOC (m) 
Concerning the evaluation of this modifier, we haven't used the concept of soil organic carbon 
(SOC) saturation (the ratio of the present topsoil SOC level relative to that of the same soil in its 
undisturbed state), used in the original FCC formulation, because in our case it is very difficult to 
identify acceptable reference values. We chose to attribute the modifier m to soils that have in the 
upper part (topsoil) an organic carbon content lower than 0.29% (= 0.5% organic matter). The soils 
with m modifier have generally low fertility and some difficulty in obtaining a good soil structure. 
In the study area (Fig. 6) this modifier is common in the central plains and in soils along the rivers. 
 

 
Figure 6. Low SOC (modifier m) 
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High P fixation (i) 
Soils with a high percentage of iron and aluminum oxides in their clay particles are able to fix a 
large quantity of the available phosphorus, transforming them into slowly soluble iron and alumi-
num phosphates that are not immediately available to plants. High P-fixing soils have clayey top-
soils with red or yellowish colors, indicative of high contents of iron and aluminum oxides. 
In our case, the i modifier was attributed only to Chromic Vertisols, i.e. it was assigned based only 
on the taxonomy of the soil: this fact produced a highly hypothetical map (Fig. 7), where the i mod-
ifier is only present in the western and eastern part of the area. 
 

 
Figure 7. High P fixation (modifier i) 
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High slope (p) 
This modifier is not included in the original FCC formulation, and was proposed for the study area 
to take into account soils with slopes that can make agricultural soils difficult to work. The modifier 
p is used for slopes between 35% and 50%; p+ for slopes >50%. 
In the Jalgaon District there is only a limited presence of soils with excessive slopes, located in the 
northern and the southern part of the area (Fig. 8). 
 

 
Figure 8. High slope (modifier p) 
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High erosion (y) 
This modifier is not included in the original FCC formulation, and it was proposed for the study ar-
ea to consider soil erosion, estimated applying the USLE model (see separate report), because soil 
erosion can negatively affect plant productivity and ecosystem functions.  
The modifer y was attributed to land with 11-20 t ha-1 y-1 soil loss; y+ to land with 20-40 t ha-1 y-1 
soil loss; y++ to land with >40 t ha-1 y-1 soil loss. 
In the study area (Fig. 9) soils with erosion problems are very common, with the only exception of 
some alluvial areas in the north-central part of the district. 
 

 
Figure 9. High soil erosion (modifier y) 
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Low AWC (w) 
This modifier, not included in the original FCC formulation, was proposed for the study area to 
consider soil problems caused by a limited water reserve (available water capacity, AWC), that can 
significantly lower plant productivity, especially in case of dry warm climate. 
The AWC estimation was obtained taking into account soil depth, gravel content and texture.  
The modifier w was applied to soils with AWC between 50 and 100 mm; the modifier w+ to soils 
with AWC<50 mm. 
The majority of soils that have problems of limited water reserve are located in the central part of 
the study area (Fig. 10). 
 

 
Figure 10. Low AWC (modifier w) 

 
Synthetic evaluation of soil fertility 
Within the FCC system the different indicators are considered individually: here we propose that 
some synthetic indices are produced, useful to summarize the various issues highlighted by the 
knowledge of the type/substrata type and of the modifiers. Three synthetic indicators are defined 
below: physical fertility, chemical fertility, global fertility. 
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Physical fertility 
It takes into account the following aspects: soil thickness; gravel; vertic properties; slope; erosion; 
AWC. It uses a scoring system, which assigns high values in case of unfavorable characteristics, ac-
cording to the following table. 
 

Parameter Code Score 

Soil thickness CR 5 
LR 5 

Gravel r 1 
r+ 3 

Vertic properties v 2 

Slope p 2 
p+ 5 

Erosion 
y 2 

y+ 4 
y++ 5 

AWC w 2 
w+ 4 

 
The sum of the obtained scores defines the physical fertility, according to the rating scale below. 
 

Score Evaluation 
0-5 Very high 

6-10 High 
11-16 Mean 
17-23 Low 

As shown in the map of Fig. 11, the physical fertility is quite high in almost all the District; mean-
low values are mostly present in the central part of the area. 

 
Figure 11. Physical fertility 
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Chemical fertility 
It takes into account the presence of carbonates, the cation exchange capacity (CEC), the concentra-
tion of organic matter and the power of phosphate fixation. The scores are assigned as shown in the 
table below. 
 

Parameter Code Score 
Calcaric b 1 

CEC e 2 
Organic matter m 3 

P-fixation i 1 
 
The sum of the obtained scores defines the chemical fertility, according to the rating scale below. 
 

Score Evaluation 
0-1 Very high 
2-3 High 
4-5 Mean 
6-7 Low 

 
The map in Fig. 12 shows that the chemical fertility, generally quite high, exhibits mean and low 
values in the central part of the area. 
 

 
Figure 12. Chemical fertility 
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Global fertility 
The global fertility was defined applying to each pixel of the map the lowest rating between the 
physical and the chemical one (for example, if the physical fertility was very high and the chemical 
only mean, the resulting global fertility would be mean). 
The map in Fig. 13 shows that the global fertility has a very intricate pattern, with a considerable 
amount of soils having fertility from mean to very high. The soils with low fertility are mostly 
found in more restricted areas. 
 

 
Figure 13. Global fertility 
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SOIL EROSION MODELLING FOR LAND CAPABILITY 
CLASSIFICATION IN THE JALGAON DISTRICT (MAHARASHTRA 
STATE - INDIA) 
 
C. Dipietro, R. Comolli  
(Department of Earth and Environmental Sciences - Milan Bicocca University, Milan) 
 
 

1. Introduction 
The Land Capability Classification (LCC) deals with the assessment of the land (not just the soil) 
for agriculture, pasture and forestry by dividing the territory into different quality classes (usually 
8), which correspond to classes of suggested potential land utilization that ensure sustainability of 
use along the time (Rossiter, 1996). In the transition from the first class (the best) to the eighth (the 
worst), the limitations increase and the possibilities of use diminish: for example, in the first 4 
classes of LCC land can be plowed without degradation; the other 4, instead, should not be plowed, 
under penalty of degradation. The limitations considered to evaluate the classification are of various 
type, relative to soil (depth, stoniness, texture, reaction, drainage, nutrient reserves, salinity, etc.), 
erosion (slope, length of plots, soil conservation practices, etc.), climate (temperature, water 
balance) and water (excess water, flooding from river overflowing, etc.). In LCC classification 
economic considerations are not taken into account, except indirectly: this choice extends the 
validity of LCC over time. In order to provide LCC evaluations to an appropriate scale, at the level 
of river basin, climate data, a suitable DTM, and also soil data are required: if not available, they 
should be obtained through a specific field survey. Sampling should be done for plots that represent 
various soil and climate, using the the composite sample tecnique (10-15 sub-samples per plot, 
combined together in a single sample). The minimum laboratory analyses set should include the 
following: pH in H2O, organic C, available P, cation exchange capacity, exchangeable cations (Ca, 
Mg, K, Na), total carbonates, electric conductivity of saturation extract. 
 
Within the Land Capability Classification, data on soil erosion by water are very important: for this 
reason we want to evaluate which estimation model could be used for the study area. 
The analysis will be performed in a GIS interface by means of hydrological and soil loss models to 
simulate surface runoff and to predict the impact of management measures on water and sediment 
yields in the study basin in space and time. The results will help in identifying the erosion hotspots 
in the watershed, and in formulating a plan to reduce soil erosion in critical areas. We checked the 
possibility to use two different models: SWAT and USLE-RUSLE. 

2. Data collection and analysis 
Available thematic layers: 
■ Digital Elevation Model: 30x30 m. 
■ Land Use and Land Cover map: 20 classes (including two urban classes and one hydrography 

class). The LULC map contains 929 polygons; areas range between 91.506 and 1 ha (mean 
1.283 ha). Three main LULC classes (Agriculture/Kharif crop, Annual crop and Harvested land) 
are cartographically differentiated but represent the same crop management in different periods 
of the year. Agriculture fallow class represents the fallow areas at the very time of photo 
interpretation. 

■ Meteorological data: annual precipitation 1998-2007 related to 15 sub-areas (Fig. 1). 
■ Hydrographic network: concerning three sub-areas. The network is extremely detailed (Fig. 2) 

but lacks topological consistency between primary elements (polygonal layer) and the network 
defined by polylines (Fig. 3). 
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■ Soil map: includes 24 soil types belonging to three orders of the Soil Taxonomy (Fig. 4). The 
map includes information about  texture class, gravel content, drainage, depth, soil temperature 
regime and interpretative classes related to soil erosion and Land Capability Classification. The 
map contains 6,845 polygons; areas range between 27,321 and 0.9 ha (mean 173 ha). 

Three raster layers (Fig. 5: soil texture; Fig. 6: soil drainage; Fig. 7: soil depth) were generated from 
the soil map and reclassified in numerical classes. 
 

 
Figure 1. Mean annual precipitation (mm) 



123

 
Figure 2. Hydrographic network of three sub-areas 

 
Figure 3. Topological inconsistency between primary elements (polygonal) and other levels (polylines) 
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Figure 4. Soil map of the Jalgaon District 

 
Figure 5. Raster map of texture classes 
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Figure 6. Raster map of soil drainage classes 

 
Figure 7. Raster map of soil depth classes 
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Besides the available information, extra data are required to estimate soil erosion by water: 
■ soil profiles description, including chemical and physical analyses; 
■ geographical localization of soil profiles; 
■ meteorological data (rain and temperature) collected in a single station, at least at a daily step; 
■ soil coverage factor for each agricultural and forestry LULC class (with photographic 

documentation); 
■ piezometric data; 
■ geological map. 

3. Soil and Water Assessment Tool (SWAT) 

SWAT is a physically based hydrological model that allows continuous simulation and long term 
yield watershed model (Neitsch et al., 1997; Arnold et al., 2012a and 2012b). SWAT simulates 
surface runoff, sediment yield and nutrient losses from watersheds; it predicts the impact of 
management measures on water, sediment and agricultural chemical yields in large ungauged 
basins. SWAT allows to evaluate the impact of improved land and nutrient management practices 
on surface runoff, soil loss, nutrient loss in space and time. It allows the identification of erosion 
hotspots. 
SWAT requires specific information about: 
■ climate (precipitation and temperature); 
■ soil properties; 
■ topography; 
■ land use and land cover;  
■ land management practices occurring in the watershed. 
 
SWAT requires an extremely detailed data set. A database with the minimum data specification 
required to make a modeling run is available for a set of specific categories (vegetation and soil).  
To use the available dataset it is needed to assign the different cartographic classes of the area to the 
available standard classes and thus connect soil and LULC classes to the standard SWAT DB 
classes. Otherwise it is necessary to create new typological categories in the SWAT database for 
each local cartographic class to run the model. Both suggested operations require a large set of 
detailed data about the soil: available water capacity (AWC), bulk density, clay, silt and sand 
content, cation exchange capacity, etc. The picture in Fig. 8 displays the set of data required for 
each LULC map class. 
SWAT allows to use a large set of optional data regarding harvest and grazing operations, residues, 
nutrients, pesticides, bacteria in the soil, biological mixing, fertilizers application (N and P), 
irrigation, drainage, depressional areas, water transfer and use, energy (solar, temperature, and wind 
at daily or hourly step). All these data are optional but substantially influence the results of the 
model (Benaman et al., 2005; Zhang et al., 2008; Baker and Miller, 2013). 
Considering all these aspects, an effective application of the SWAT model seems not possible at 
present in the Jalgaon District, due to the unavailability of detailed parameters to use the SWAT 
database and to the lack of optional data. 
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Figure 8. Data required by the SWAT model for each LULC class 

4. Universal Soil Loss Equation (USLE) and Revised Universal Soil Loss Equation (RUSLE) 
As a consequence of the limitations of the SWAT approach, to evaluate soil erosion in the Jalgaon 
District it is suggested the application of the USLE-RUSLE model. 
Wischmeier, Smith, and others soil scientists of the USDA Soil Conservation Service developed the 
Universal Soil Loss Equation (USLE): it was first described by Wischmeier and Smith (1960) and 
subsequently revised in a USDA Agriculture Handbook (Wischmeier and Smith, 1978; Foster et al., 
1981a). USLE became a major conservation planning tool and is still widely used in the United 
States and in many other countries all over the world. 
The Revised Universal Soil Loss Equation (RUSLE) with additional research, experiments, data, 
and resources became available in 1997 by the U.S. Department of Agriculture (Renard et al., 
1997). RUSLE has several improvements in important factors: new iso-erodent maps; a time-
varying approach for soil erodibility factor; a sub-factor approach to evaluate the cover-
management factor; a new equation to reflect slope length and steepness; and new conservation-
practice values (Renard et al., 1997). 
 
RUSLE equation is: 

A = R×K×L×S×C×P 
where: 
A = estimated average soil loss (tons per acre per year); 
R = rainfall-runoff erosivity factor; 
K = soil erodibility factor; 
L = slope length factor; 
S = slope steepness factor; 
C = cover-management factor; 
P = support practice factor. 
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Another factor (T, which stands for “Tolerable Soil Loss”) is not directly used in RUSLE equation, 
but is often used along with RUSLE for conservation planning. 
Tolerable Soil Loss (T) is the maximum amount of soil loss in tons per acre per year, that can be 
tolerated and still permits a high level of crop productivity to be sustained economically and 
indefinitely. 
All RUSLE equation factors can be estimated for the study area from existing databases, except P 
factor. P factor corrects potential erosion in real erosion and cannot be evaluated effectively with 
standard available data. 
 
R (rainfall-runoff erosivity factor) could be estimated by an empirical function based on the average 
annual rainfall (Renard and Freimund, 1994): 

R = 0.0483×P1.61 
To estimate K (soil erodibility factor) is possible to use the equation of Wischmeier et al. (1971): 

K = [2.1×10-4(12-OM) M1.14+3.25(s-2)+2.5(p-3)]/100 
A slightly modified expression (Foster et al., 1981b; Rosewell, 1993) is also available. Its use 
should be evaluated while applying RUSLE model: 

K = 2.77×10-7 (12-OM)M1.14+4.28×10-3(s-2)+3.29×10-3(p-3) 

where: 
OM is organic matter percentage; 
M is the product of silt and fine sand per sand and silt percentage: 
S is the structure type (1: very fine granular; 2: fine granular, medium and coarse granular; 3: 
prismatic and platy; 4: massive), P the permeability (1: well drained, >0.21 cm/min; 2: moderate to 
well drained, from 0.1 to 0.21 cm/min; 3: moderate, from 0.003 to 0.1 cm/min; 4: from slow to 
moderate, from 0.008 to 0.03 cm/min; 5: slow, 0.0016 to 0.008 cm/min; very slow: <0.0016 
cm/min). 
 
L (slope length factor), represents the effect of slope length on erosion. 
S (slope steepness) represents the effect of slope steepness on erosion. Soil loss increases more 
rapidly with slope steepness than it does with slope length. 
L*S (topographic factor) could be estimated with different literature algorithms, for instance: 

LS = (FlowAccumulation×CellSize/22.13)m*[(sin(Slope×0.001745)/0.09)n]×m+1 

(FlowAccumulation is determined by a GIS application that identify the area drained by each cell 
and generates flow lines; m and n are numerical parameters with low variability, commonly 
between 0,4 and 1,4). 
 
C (cover-management factor) varies from 0 to 1 from maximum soil coverage to no coverage. It is 
assigned by means of technical judgment and literature tables to LULC map classes. It evaluates the 
effect of different factors (degree of coverage, ground residues, roots, etc.) on soil loss. 
 
The product of the four factors enables to implement a raster map of soil potential erosion, 
expressed as the average annual soil loss in ton per hectare. 
 
USLE-RUSLE equation results are most influenced by R (rainfall-runoff erosivity) and C (cover-
management) factors. These parameter could also be evaluated by different and more accurate 
methodologies. 
 
R (rainfall-runoff erosivity factor) evaluation can be improved by estimating erosivity of each 
single pluviometric event (EI30) according to Wischmeier. This estimation requires advanced 
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meteorological stations with at least decaminutal data. The calculated erosivity values are then 
integrated for each season and geostatistically interpolated (kriging spatial interpolation methods). 
Also the relationship between the erosivity index of a single pluviometric event and its rain height 
can be evaluated (linear regression analysis), as follows: 

R = α P β 

where: 
■ R (MJ mm ha-1 h-1): single event erosivity 
■ P (mm): single rain event 
■ α, β: empirical and adimensional factors 
 
All these parameters allow the calculation of the climatic aggressiveness of each meteorological 
event and consequently of the annual erosivity. This procedure improves the reliability of the 
USLE-RUSLE model. 
 
C (cover-management factor) could be detailed by better evaluating natural vegetation cover. 
It is possible to attribute specific C values to natural vegetation in order to evaluate its soil 
protection capability. Soil protection is strongly influenced by specific composition of undergrowth, 
presence/absence of a dense brush layer, kind of humus, etc. 
The C factor evaluation in agricultural areas may also consider different crop rotation systems, for 
instance in a five-year period of time. In this case C factor can be obtained considering the Soil 
Loss Ratio (SLR) of each growing phase. The Soil Loss Ratio evaluates actual soil loss compared to 
a standard plot (bare/fallow) soil loss, with same morphological, climatic and soil conditions. 
RUSLE SLR can be calculated multiplying  5 sub-factors (Laflen et al., 1991; Renard et al., 1991 
and 1997): previous land use (PLU), soil cover at air level (CC), soil cover at soil level (SC), 
roughness of soil surface (SR) and soil moisture (SM). 

SLR = PLU×CC×SC×SR×SM 
SLR values can be based, in case of lack of experimental data and/or absence of required detailed 
data, on Wischmeier tables. 
 
USLE-RUSLE model can therefore be applied with an increasing detail and reliability of 
simulations depending on the quantity and quality of available data. Required data are all available 
and/or estimable in Jalgaon Province area. 
Minimum data required: 
■ mean annual rainfall; 
■ soil parameters (texture, structure, permeability and soil organic matter content); 
■ land cover factor for each LULC class; 
■ Digital Elevation Model (particularly for evaluate topographic features and calculate Flow 

Accumulation). 
 
Finally, we propose to obtain empirical evaluations on soil erosion in some selected spots of the 
study area. The obtained data could help to estimate the reliability of USLE-RUSLE model and to 
identify the critical points of the simulation. This approach could be very effective in soil 
conservation planning and in estimation of actual soil loss in the study area. 
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1. Background 
The Jalgaon district, characterized by semi-arid climate, erratic and irregular rainfall pattern is 
representative of the environment of northern portion of Maharashtra and, also, of central Indian 
region. This district presents a continuous increase of the population which depends upon the 
agriculture (70% of total population); 30% of total population survives at or below poverty line. The 
agriculture is rain fed mostly and the severe water scarcity during drought years damages the crops and 
agricultural productivity, which adversely affect the livelihood of dependent populations especially in 
rural areas of the district. The district receives an average annual rainfall of 690 mm of which about 
87% is received between June to September, with July having the highest rainfall. Daily mean 
temperature ranges from 10.3 °C to 48.0 °C (official website of Jalgaon district as assessed on June 30, 
2010). 
 
The optimum use of water resource is the prime requisite for the sustainable livelihood in this region. 
In this project, we propose to create a system for practice of precision agriculture, which would 
optimize the water uptake by crops so as to control the wastage of valuable water resources in select 
villages of Jalgaon district. We suggest applying an innovative system of wireless sensors network, 
which would help predict the behaviour of crop and use simple water management techniques 
according to local conditions. 
 
Precision Farming is the conjunction of a new management perspective with the new and emerging 
information and communications technologies leading to higher yields and lower costs in the running 
of large scale commercial agricultural fields (Blackmore 1994). Known also as Site-Specific 
Management, precision farming ensures quicker response times to adverse climatic conditions, better 
quality control of the produce and yet a lower labor cost. Precision Farming also makes the use of 
completely automated machinery, a possibility. This form of highly automated agriculture requires 
intensive sensing of climatic conditions at the ground level and rapid communication of the raw data to 
a central repository. The Precision farming system has the following parts (Anurag et al. 2009): (a) 
Sensing agricultural parameters; (b) Identification of sensing location and data gathering; (c) 
Transferring data from crop field to control station for decision making; and (d) Actuation and Control 
decision based on sensed data.  
 
Agricultural Sensors, positioning systems for detecting location of sensors, actuators like sprinklers, 
foggers, valve-controlled irrigation system, etc. are already available in market. However, very limited 
work has been done so far on the technologies to be used to transfer sensor data wirelessly from crop 
field to the remote server. 
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JalaSRI has installed Automatic Weather Station (AWS) on the field with some of the ground sensors 
for monitoring weather parameters (rainfall, temperature, humidity, solar radiation, wind speed and 
wind direction). The sensors installed by JalaSRI with AWS are smart sensors, i.e. they are capable of 
data storage and transfer automatically. 

2. The Main Objectives 
■ To evaluate the effectiveness of land configuration and nutrient management practices on soil water 

content, soil fertility, crop establishment, growth and yield of crops; 
■ To identify and deploy appropriate sensors and design an automatic irrigation control system to 

monitor and control the optimum water requirement of crop fields. 

3. Cluster Details 
The demonstration plot for this project is located in Mehrun village and near to which JalaSRI; Jalgaon 
has undertaken the development of model watershed in active collaboration with International Crops 
Research Institute for the Semi-Arid Tropics, Patancheru (India). We named this cluster as Padmalaya 
Model Watershed for our reference in Government of India model watershed Project. Annual rainfall 
of the region is 650 - 700 mm and it lies in semi-arid tropics. These village Mehrun is situated in 
Jalgaon district in northern part of the Maharashtra state (Fig. 1). The geographical location of this trial 
plot is 75° 33' 39.19"E longitude and 20° 58' 15" N Latitude (Fig 1).  
 
As the area falls in semi-arid regions, it has the limitation of resources. Earlier because of the water 
availability area had a good Banana production. In recent years due to climate change, overuse of 
ground water area has suffered a reduced production. By this project our aim is to revive the earlier 
healthy irrigation system. The farmers adopt rarely vocational activities. Their secondary business is: 
women work as agricultural labors, landless runs goat farm, small farmers do goat farming and dairy. 
Some of them are digging small farm pond, helps to department of social forestry for plantation. 
Infrastructure wise also the area is not much strong. Roads are in good condition. Nearest railway 
station is Jalgaon. Some water harvesting structures has been built by district irrigation department. 
Drinking water facility is available with public water supply system including 13 near-by villages. 
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Figure 1. Location Map of trial plot 

4. Agro-Climatic Characterization of Identified Cluster 
Jalgaon district in Maharashtra is partly under hot dry and hot moist semi-arid ecological sub-region. 
The district receives an annual rainfall of about 750 mm of which about 660 mm is received in the 
southwest monsoon period (Jun-Sep). Available water holding capacity of soil varies from 100-200 
mm. The length of the growing period is about 90-120 days in the areas having Shallow and medium 
loamy black soils and is about 120-150 days in the areas with Medium and deep clayey black soils.  
 
In Jalgaon district, maximum temperature above 38°C is recorded starting from the middle of March 
and continues till the middle of June when southwest monsoon arrives. In May, the average maximum 
temperature recorded is about 45°C. July and August are the rainiest months receiving about 200 mm 
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each. By about the middle of October, both day and night temperatures decrease appreciably. The 
period from December to January is the coolest part of the year with the mean daily maximum 
temperature of about 28 °C and mean daily minimum of 8 to 12 °C in the district. Strong winds of 20-
25 km/h are observed during May-Jun. Climatic water balance for Jalgaon was computed based on 
normal weekly weather data (Fig. 2). 

 
Figure 2. Water Balance of Cluster 

Water balance analysis shows that the potential evapo-transpiration (PET) or the water need varies 
from about 25 mm in Dec-Jan to almost 65 mm in May. During the rain fed crop-growing season, the 
PET is moderate at around 30-35 mm per week. Rainfall is above PET during the period from last 
week of Jun to the first week of September, in this period soil moisture slowly builds up and water 
surplus occurs in the second half of Aug and continues till the end of 1st week of Sep. Moisture stored 
in the soil continues to support the crops till the 1st week of Nov, thus making the length of the growing 
season to be about 21 weeks or 150 days for the areas with medium and deep clayey black soils. 
Annual water deficit is about 1277 mm and water surplus is a meagre 34 mm. These are average values 
based on weekly analysis and in certain years with heavy rainfall, larger water surplus leading to 
considerable surface runoff is experienced. This runoff, when harvested could be used by the Rabi 
crops. 
 
4.1. Soils 
The soil in the cluster is predominantly medium deep to deep to black soils Available water holding 
capacity of soil varies from 100-200 mm. 
 
GPRS Transmitter: The GPRS (Global System for Mobile/General Packet Radio Service) Transmitter 
is a tailor made GPRS Modem to transfer data to server. The data send to server every Although these 
soils are high in clay content, the water logging is not a series problem due to poor and erratic rainfall 
combined with the moderately good drainage properties of soils. The length of the growing period is 
about 90-120 days in the areas having shallow and medium loamy black soils and is about 120-150 
days in the areas with medium and deep clayey black soils.  
 
 
 
 
 
 
 



135

 

Table 1. Particle size Distribution of Soil 

Sr. No Depth in cm Coarse sand (%) Fine sand (%) Silt (%) Clay (%) Soil Textural Class 
As Per USDA 

1 0-15 17.98 23.15 22.51 36.36 Sandy Clay Loam 
2 16-30 39.25 19.58 15.77 25.4 Sandy Clay Loam 
3 31-45 40.78 21.02 16.5 21.7 Sandy Loam 
4 46-60 39.7 15.22 15.91 29.17 Loam 
5 61-75 47.41 10.53 14.9 27.16 Sandy Clay 
6 76-90 54.86 8.72 12.14 24.28 Sandy Clay 
7 91-105 61.74 11.34 11.29 15.63 Sandy 

 
Figure 3. Vertical Soil profile 

Table 2. Physical and Chemical Analysis Results of Soil Samples at Depth of 15 cm of top soil 

Sr. No. Plot Sample pH 
EC OC Avail-Zn Avail-P Exch-K Avail-B Avail-S 

dS/m % ppm ppm ppm ppm ppm 

Standard Range 7.5-8.8 0.15- 0.52 0.31-0.74 0.14- 1.16 2.1- 17.8 103 - 417 0.18-0.84 2.0-46.3 

1 NE 7.73 0.21 0.68 0.74 6.6 186.7 0.51 7.11 
2 SW 8.04 0.19 0.84 0.72 5.6 176.1 0.50 4.88 
3 SE 8.16 0.18 0.79 0.62 5.8 148.2 0.51 4.85 
4 NW 8.1 0.19 0.72 0.78 6.4 180.3 0.48 5.40 
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4.2. Land Use Pattern and Water Resource 
The present land use pattern in the village shows that the 75% of the total area is under rain fed and 
only about 10% has irrigation, and 15% of total area is waste land .Cultivable wasteland of 78 ha and 
about 156 ha of uncultivable degraded community land, which accounts for 15% of total land area of 
watershed exists, which could be explored for development as afforestation or fodder production 
through community participation. 

4.3. Major Crops 
The major crops grown in the watershed are sorghum, maize, millet, cotton/pigeon pea, chickpea, 
soybean, mung bean, black gram, onion, chillies, banana. Cotton is a predominately grown in the 
watershed area followed by maize, sorghum and soybean. The most prevailing soil and water 
conservation measure includes field bunding (about 60%). Most of the farmers who have water source 
use drip irrigation system in the watershed.  

5. Growing Nutrigation (Nutrient + Irrigation) Challenges 
■ Soil Degradation and Nutrient Depletion have become serious threats to agricultural productivity in 

the region; 
■ Land configuration in combination with Nutrient Management has the potential to improve the 

agricultural productivity; 
■ The major Natural Resource Management (NRM) issues of rain fed agriculture are Water Scarcity, 

Land Degradation, Low Productivity and Un-sustainability; 
■ Thus, it is an urgent need for improved land , nutrient and water management for increasing the 

productivity and reducing risks of crop failure. 
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6. Changes in Vegetative Cover and Land Use in Forest Land with Forest Rights Finally 
Recognized Under the Forest Rights Rules 2008  

 

Map Showing Forest Rights cases (finally recognized + not recognized but analyzed) overlaid on District boundary map, 
Maharashtra 

Forest Rights Cases Showing Area 
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The status of land use observed on Satellite Images of 2005-06 
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7. Site and Soil Characteristics 
The experiment is being done over the period of Sept’2012 to Dec’2013. The soil is black clay loam 
with 1-2% slope. The soil samples were collected at a depth of 0-105 cm at the step of 15 cm and 
analyzed by ICRISAT, Hyderabad (Fig. 3 and 4). The collected samples were analyzed properly in the 
laboratory and resulted that the range of soil chemical properties are, like pH , EC,% Org. C, Exch K, 
Avail-S, Avail-B, Avail-Zn etc. 
 
The critical limits for soil were considered as under: 

 
Figure 4. Soil Critical Limits 

8. Experimental Set-up and Management 
The experiment is established as a split-plot design with two treatments and five replications. Flat bed 
(FB) and broad bed and furrow (BBF) is the main plot treatments. The subplot treatments shall include  
 
(i) Without Integrated Nutrient Management (-INM): 

Farming practice is performed in traditional way by applying Urea and DAP (40 kg N ha−1 and 
8.73 kg P ha−1) 

(ii) With Integrated Nutrient Management (+INM): 
Farming practice is performed in improved manner by applying Urea and DAP (40 kg N ha−1 and 
8.73 kg P ha−1) along with integrated nutrient practice (200 kg Gypsum ha-1, 50 kg ZnSO4 ha-1, 
and 2.5 kg Boron ha-1) 

 
Before the crop was sown, the experimental field was uniformly ploughed once with a mould board 
plough (25 cm) and then harrowed twice with a nine tine cultivator. The FB treatment does not receive 
any land configuration practice. 
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9. Broad Bed and Furrow System (BBF) 
The BBF system consists of relatively raised flat bed or ridge approximately 95 cm wide and shallow 
furrow about 55 cm wide and 15 cm deep (Fig. 5). The BBF system is laid out on a grade of 0.4-0.8% 
for optimum performance. After the direction of cultivation have been set out, based on the topographic 
survey, furrow making is done by an implement attached with two ridgers with a chain tied ridgers or a 
multipurpose tool carrier called “Tropicultor” to which two ridgers are attached, is used for the 
operations. It is important to attain a uniform shape without sudden and sharp edges because of the 
need in many crops and cropping systems to plant rows also on the shoulder of broad bed. A bed 
former is used to further shape up the broad beds. If opportunity arise (after shower) before the 
beginning of the rainy season, another cultivation is done to control weed and improve the shape of the 
BBF. Thus, at the beginning of the growing season this seed bed is receptive to rainfall and 
importantly, moisture from early rains is stored in the surface layers without disappearing in the deep 
cracks in black soils. 
 
The sowing of seed in the FB system was done by hand in lines at double the desire plant populations, 
whereas the seed was sown with the help of ‘zero till cum fertilizer drill’ implements in case of BBF to 
maintained desired plant populations. The detail lay out of the two systems is shown in Fig. 6. The 
plots would receive variable N and P as per the treatment schedule, through urea (46% N) and DAP 
respectively in both the cases (viz. –INM and +INM). The fertilizer was placed in a seed row and 
covered with the soil. The fertilizer was applied in two splits, 50% at seeding and remained 50% four 
weeks later, and entire P was applied at seeding. All plots were weeded manually once at 4-6 weeks 
after seeding. 

 

 
Figure 5. Technical specifications of BBF system and Tropicultor Machine 
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Figure 6. Single Field Layout of Experimental Plots 

 
Figure 7. Trail Plot Layout without Sensor 
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Table 3. Yield Analysis for Chickpea Crop & Data Collection for Experiment of Land Configuration & Nutrient Delivery 
(Without Sensors and Irrigation Control System) 

 
Land Configuration + Practice Total Weight of crop 

in Kg 
Grain Weight of 

Plot (150m2) in Kg 
Estimated productivity of  

1 Acre (in Kg) 

BBF BBF + INM 191.55 19.54 454.92 
BBF - INM 193.60 18.04 418.67 

Flat 
Flat + INM 161.10 17.84 383.95 
Flat - INM 130.45 17.25 331.09 

 

 Demonstration Plot BBF Plot Flat Bed Plot 

BBF Plot Flat Bed Plot BBF Plot 

 
Figure 8. Demonstration plot and Land practices for Chickpea Crop 
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10. Nutrient Delivery Plan 
After the Land Configuration and sowing was over; as per the soil profile and characteristics report, the 
following Nutrient Delivery Plan was implemented 

Table 4. Land Configuration & Nutrient Delivery at Research Plot 

Micronutrient Requirement for 1 acre Land 
(Kg) 

Per INM Plot For Total Plots 
(0.04 Acre) (0.32 Acre) 

Zinc Sulphate 20 800 gm 6.4 kg 
Gypsum 80 3.2 kg 25.6 kg 
Boron 0.75 30 gm 240 gm 

11. Role of Appropriate Sensors in Precision Agriculture 
■ Precision Agriculture involves efficient use of ICT; 
■ It ensures quicker response times to adverse climatic conditions, better quality control of the 

produce and yet a lower labor cost; 
■ It is about doing the right thing, at the right place, in the right way, at right time in agriculture; 
■ Efficient usage of water, fertilizers, nutrients and energy are needed; 
■ The sensors are critically needed to have precise control over the nutrient delivery and the irrigation 

timings according to the real-time needs of the soil; 
■ Sensors are needed to provide the real-time data for timely agronomic decisions. 

12. Main Components of Proposed Integrated Sensor Network System 
Sensor network can improve farm-level decision making by providing important benchmarks for the 
impact of moisture deficits, and monitoring real time field condition with regards to these benchmarks, 
providing the farmers with a decision support system adapted to their needs, encouraging them to 
invest in order to get higher profits from their farms. To facilitate the above experiment the following 
sensors are proposed: 
 
Soil Moisture Sensor: Soil Moisture Sensors are instruments that are used to measure the energy status 
(or potential) of soil water. That measurement is a very useful one because it is directly related to the 
ability of plants to extract water from soil. Irrigators often use Soil Moisture Sensors for irrigation 
scheduling because they provide direct measurements of soil moisture status and they are easily 
managed. In addition, Soil Moisture Sensors can be automated to control irrigation water applications 
when the soil water potential decreases to a predetermined critical value.  
 
Logging interval to the entered mobile number of the Modem. This GPRS Transmitter requires a 
standard mobile SIM card, preferably post paid to avoid data loss on account of insufficient balance in 
prepaid SIM. 
 
We have successfully deployed four hydrological stations in each of identified experimental plot 
replicate. One of these stations acts as ‘Gateway’ and consists of Automatic weather station. The 
measured parameters at ‘Gateway’ will Date, Time, Air Temperature, Max Air Temperature, Min Air 
Temperature, RH, Max RH, Min RH, Wind Speed, Wind Direction, Rainfall, Water Level (For Runoff 
measurement), Soil Moisture (3Points), and Dew Point along with the facility of Remote Data Transfer 
through GPRS Network. The measured parameter at other hydrological stations includes Date, Time, 
Rainfall, Water Level (For Runoff measurement), and Soil Moisture (3Points) along with the facility of 
Remote Data Transfer through GPRS Network. 
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13. List of Sensors: 
■ Weather Station Logger with weather proof Enclosure:   1 no 
■ Air temperature and Relative humidity Sensor:    1 no 
■ Rainfall Sensor:        1 no 
■ Wind direction Sensor:       1 no 
■ Wind speed Sensor:       1 no 
■ Water Level Sensor:       1 no 
■ Soil Moisture Sensor:       48 no 
■ Application software CD:       1 no 
■ Complete 3 Meter Tripod Kit with all sensor mounting brackets: 1 no 
■ Data Shuttle:        1 no 
■ GPRS Module:        4 no 
■ Solar Panel + Mounting Clamp:      1 no 
■ Batteries (SMF):        2 no 

13.1. Technical description 
13.1.1. Automatic Weather Station: Make “Virtual” 
This is a fully computerized, digital and self contained power source system, fitted with Data Logger 
and battery charging solar panel with rechargeable, maintenance free batteries complete with sensors 
mounted on a tripod stand with sealed waterproof enclosure for Data Logger, Solar charger and battery. 
All Sensors powered directly from Data Logger and no need of external power source. It should be 
complete alphanumeric display and 4x2 membrane keypad is provided at front panel of data logger for 
programming data logger and monitoring sensor reading at site without the help of computer. 
Specifications of AWS are as follows: 
■ Display:    16 Characters X 2 Lines LCD 
■ Real Time Clock:   Provided 
■ Number of Channels:  8 
■ Data Storage:   512 K EEPROM 
■ Power Supply:   12V SMF 
■ Clock accuracy:   ±5 seconds per week 
■ Battery Charging:   Through Solar Panel 
■ 3 M Tripod Tower:  Provided 
■ Radiation shield:   Provided 
■ Sensor brackets:   Provided 
■ Weatherproof enclosures:  Provided 
■ Logging Interval:   User Programmable from 1 minute to 24 Hour 
■ Operating Temperature:  -40 to 75 °C 
■ Operating Humidity:  0 to 95% non-condensing 
■ Data retrieval:   Through data shuttle to Computer 

13.1.2. Application Software (Virtual ware) 
Virtualware is a user-friendly, Menu Driven, Windows based weather station’s software allows you to 
view & save collected data. Data file is saved in Microsoft’s Excel format. 

13.1.3. Data Shuttle (Hand Held Terminal) 
The data shuttle is a pocket-sized device that can be used to download & transport the data from 
weather station to a computer, allowing the instrument to stay in place for continuous 
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monitoring/recording. The shuttle connects to a PC and is used with the “Virtualware” to download 
data. 

13.1.4. Specification of GPRS/GPRS Transmitter (Logger End Modem) 
The GPRS Transmitter is a tailor made GPRS Modem to transfer data to remote modem connected to 
PC end via SMS. The SMS is sent every logging interval to the entered mobile number of the Modem. 
This GPRS Transmitter requires a standard mobile SIM card, preferably post paid to avoid data loss on 
account of insufficient balance in prepaid SIM. 

13.1.5. Specification of GPRS Modem (PC End) 
The GPRS Modem is a standard RS232 port based GPRS modem to receive data on the PC side which 
sent by the logger end through SMS. This Modem works with Virtual Ware Software to collect SMS & 
Convert the SMS encoded information into database & finally into a presentable MS Excel Report. A 
RS-232 cable, Power Adopter & Antenna is shipped along with the modem. This modem too requires a 
GPRS SIM card to function. An arrangement of Two Post paid Active GPRS SIM Cards is in your 
work of scope. 

14. Expendability of System 
Following sensor inputs can be connected to the weather station at extra cost - Albedo, Net Radiation, 
Water Temperature, Water Level, Water Current, Leaf Temperature, Tensiometer, GPS Module, Solar 
Radiation, Barometer, Evaporation, Leaf Wetness, Soil Temperature, Soil Moisture, Ultra Violet etc. 

15. Prediction of Crop Water Requirements for Deficit Irrigation 
Because water is scarce to resource-poor farmers, they can benefit from the technology of deficit 
irrigation, an agricultural water management system in which the water needs of the crop (potential 
evapotranspiration) during the growing period can only be met partially by a combination of soil water, 
rainfall and irrigation. Deficit irrigation management requires optimizing the timing and degree of plant 
stress within restrictions of available water. Of particular use to the farmers is the knowledge of 
benchmark points for crop/trees water requirements (those points are specific to a particular crop). 
Using the recent trend of soil moisture values recorded by sensors and the knowledge of these points, 
the farmer can predict the behaviour of his crop and use simple water management techniques. For such an 
application, in addition to deploying soil moisture sensors, other parameters are needed. Climatic parameters 
such as daily rainfall, sunlight hours, wind speed, and air humidity are homogenous enough to necessitate the 
deployment of only one weather station every few square kilometers. Soil characteristics, however, can vary 
significantly due to composition and situation. This means that the soil moisture retention capability has to be 
assessed every few hectares at least. 
Soil Moisture Sensors are deployed in each demonstration plots within a field at depths of 30 cm and 80 cm. 
Before setting up the sensors in the field, they were properly calibrated. The field observations (data) are 
monitored and stored in a common platform (control station) at JalaSRI and Web Server for the analysis and 
formulation of decision upon real time guidance to the farmers. The soil water stress is monitored by Soil 
Moisture Sensor in the field in the Real Time. 

16. Technology 
The advantage of using a sensor network instead of standalone sensors with data-loggers was 
underlined by Beckwith et al. Ground-based sensors operating wirelessly are more appropriate. 
Telemetry using cellular networks such as GPRS is widely used today. It presents the advantage of 
wide and rapidly expanding coverage. There are two main limitations to the use of such systems. First 
is recurring communication costs, which are prohibitive for messages sent several times per hour over a 
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long period of time. The second is the network coverage in rural areas outside of villages. In our test 
bed, for instance, although there is limited GPRS connectivity within the village, the fields nearby is 
not covered. Wireless sensor networks (WSNs), on the other hand, are fully scalable. They do not 
depend on any pre existing infrastructure and can be redeployed or expanded easily. Due to the ability 
of their elements to reorganize spontaneously when the conditions change, they are resilient to partial 
failures. The communications, being independent from any operator, do not cost anything. Since this 
technology is inherently meant to be deployed unattended for extended periods of time, it includes by-
default low-power radio and the possibility to develop power management mechanisms that extend the 
lifetime of the elements and the network as a whole. For all these reasons, we decided to design and 
deploy a WSN. 

17. Principal of Operations for Plot or Field Level Analysis and transmitted by Hydrological 
Station to Web Server.  

On the other hand, TDR sensors are deployed around the zone to be monitored and data is monitored manually 
in twice daily time step and sent to the remote control station. For each plot, three Soil Moisture Sensors are 
deployed for better monitoring and decision making. Likewise, a total of 48 Soil Moisture Sensors are deployed 
to estimate soil water stress and moisture content for 16 sub-plots. Finally, 48 Soil Moisture Sensors and 01 
GPRS Transmitter are deployed to complete the experiments. 

 
Figure 9. Research Plot Design with Sensor 
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Figure 10. Automatic Irrigation Control System 

 
Figure 11. Actual photograph of Trial plot 

■ Sensor network helps identify important benchmarks for the impact of moisture deficits and for 
monitoring real time field conditions and provide a decision support system  

■ In order to facilitate the above said experimentation, following sensors are installed: 
(1) Soil Moisture Sensor; 
(2) GSM/GPRS Transmitter; 
(3) Automatic Weather Station; 
(4) Runoff & Sediment Sensor (already installed sensors); 
(5) Hydrological Station. 
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Stepwise Functioning of Automatic Irrigation Control System 
■ Sensing agricultural parameters; 
■  Identification of sensing location and data gathering; 
■  Transferring data from crop field to control station for decision making; 
■ Actuation and Control decision based on sensed data. 

  

Gypsum Block Sensor 
Data Transmitter 

Automatic Weather station Evaporation Pan Actuator (Automatic alve) 

Deployment of Sensor 

Soil Moisture Tension Indicator Hydrological Stations 

 
Figure 12. Instrumentation used in Trial plots 
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18. Data Collection System 
We have used centralized data collection model (Fig. 13), where individual nodes perform minimal data 
processing and send back the data via a base station to a single server where they are processed. The nodes of 
the network are more than hundred meters apart, so a majority of them is unable to reach the base 
station directly. Then, it needs to resort to multi-hop transmissions, where nodes can relay data from 
other nodes as well as sending their own. In regards to routing, as there is no mobility in the network 
and topology changes is rare (node failure, occasional moving or addition of a node), we may use a 
simple tree construction algorithm, based on neighbouring radio links quality and hop counts to the 
base station. There are two main issues affecting the platform choice for our wireless sensors. First is 
radio range. Given the data variability and sparse density of the network, a range of more than 100 
meters is mandatory, and up to one km is desirable. The second important issue is the power 
consumption, although this characteristic can be mitigated by an appropriate power management 
scheme such as duty cycling. Ideally, the nodes have to perform autonomously for the duration of the 
cropping season (roughly 6 months), either on alkaline batteries or with a small solar panel. 

 
Figure 13. System overview 

19. Integrated Sensor Network System 
■ The ISN consists of a mesh of soil moisture and weather sensors, with complete virtual 

instrumentation at central base station connected through GPRS network; 
■ The ISN provides the farmers with a decision support system adapted to their needs, encouraging 

them to invest in order to get higher profits from their farms; 
■ The ISN consists of Soil Moisture, Runoff, water level & Weather parameters (rainfall, air 

temperature, and relative humidity, solar radiation, soil temperature, wind speed and wind 
direction); 

■ Wireless sensor networks (WSNs), are fully scalable. They do not depend on any pre existing 
infrastructure and can be redeployed or expanded easily; 

■ We have used a centralized data collection model, where individual nodes perform minimal data 
processing and send back the data via a base station to a single server where they are processed; 

■  The nodes of the network are more than hundred meters apart, so a majority of them is unable to 
reach the base station directly. Then, it needs to resort to multi-hop transmissions, where nodes can 
relay data from other nodes as well as sending their own; 

■ Software Components include Radio Node Software, Base Station, Data Logger Software, 
Management Software, and Graphical User Interface (GUI). 
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20. Principle of Operations in Watershed Level 
The selected equipments/instruments been successfully installed in the study area of varying climatic, 
soil, topographic and site specific characteristics for land and water management study in watershed 
level. The data is collected in daily time steps for soil loss and nutrient loss and the weather parameters 
are to be collected in any predefined time step. The runoff water is automatically measured when the 
water leaving out of watershed.  

21. Data Collection and Analysis 
The soil water stress and moisture content is estimated in the time steps mentioned earlier. Grain and 
straw yields is determined at maturity from the entire field for all replicate treatments. All the data 
analysis has been done for each field in the following combinations: 
 
1) BBF with +INM vs. FB with +INM; 
2) BBF with -INM vs. FB with –INM; 
3) BBF with +INM vs. BBF with –INM; 
4) FB with +INM vs. FB with –INM. 
 
As given in the Table No-5 and 6, the average soil moisture in all the above treatments and at the 
various crop growth stages has been collected by the soil moisture sensor networks, which are 
interfaced with the four hydrological stations. The hydrological stations transmit the data through 
GPRS and which is stored on the web server. The data sets for all the four hydrological stations can be 
browsed and downloaded for the analysis from the web based information centre. 
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The volumetric water use by all the above treatments and at the various crop growth stages has been measured by the water flow 
meters, which are interfaced with the hydrological stations. Cumulative of all these readings gives us the total water used for the 
whole life cycle of Maize crop in the BBF and FB land configurations. 
Finally, all the four replicate field results have been analyzed and decision is made upon promoting the best agricultural practices for 
increasing the crop yields. 

Table 5. For BBF: Average Crop water use (Etc) by growth stage for 113 days maturity corn grain at Mehrun Shivar, Dist Jalgaon (MS) 

Sr. 
No. 

Respective Growth 
Stage 

Average Soil 
Moisture Sensor 
reading in Cbar 

Average water use 
per day (mm/day) 

Duration 1 

(days) 

Water Needed to 
reach stage 

(mm) 

Water Needed 
cumulative (mm) 

Total Water used for 
whole life cycle of 

Maize (m3/ha) 

1 Emergence (VE) 10.12 2.05 0-10 20.48 20.28 

6609 

2 4 Leaf (V4) 13.4 2.56 11-29(18) 46.08 66.56 
3 8 Leaf (V8) 18.61 4.07 30-46 (16) 74.24 140.80 
4 12 Leaf (V12) 21.68 6.66 47-55 (8) 46.08 186.88 
5 Early tassel (R1) 21.94 8.19 56-68 (12) 97.28 284.16 
6 Silking (R2) 17.98 8.19 69-81 (12) 97.28 381.44 
7 Blisfer kernal (R3) 20.11 8.19 82-88 (6) 48.64 430.08 
8 Beginning Dent (R4.3) 20.86 6.14 89-104 (15) 97.28 527.36 
9 Full Dent (R5.5) 18.27 5.12 105-125(20) 97.28 624.64 
10 Maturity 15.81 2.56 126-140 (14) 36.26 660.90 

 
1. Average number of days since planting required to progress from the previous growth stage to the next. For example, to go from 

the blister kernel stage to the beginning of dent stage requires approximately 15 days (day 89 to say 104). Days to each growth 
stage were determined using the Hybrid Corn Growth model for period 2013-14 at Mehrun Shivar, Dist. Jalgaon (MS) India.  

 
All other climatic conditions and treatments are the same to BBF and Flat bed systems both. 
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Table 6. For Flat Bed: Average Crop water use (Etc) by growth stage for 113 days maturity corn grain at Mehrun Shivar, Dist Jalgaon (MS) 

Sr. 
No. Growth Satage 

Average Soil 
Moisture Sensor 
reading in Cbar 

Average water use 
per day (mm/day) 

Duration 1 
(days) 

Water Needed to 
reach stage 

(mm) 

Water Needed 
cumulative (mm) 

Total Water used for 
whole life cycle of 

Maize (m3/ha) 
1 Emergence (VE) 10.86 3.25 0-10 32.5 32.5 

9545.4 

2 4 Leaf (V4) 15.64 4.12 11-29(18) 74.16 106.66 
3 8 Leaf (V8) 19.79 6.37 30-46 (16) 101.32 208.58 
4 12 Leaf (V12) 23.45 9.54 47-55 (8) 76.32 284.9 
5 Early tassel (R1) 25.93 11.5 56-68 (12) 138 422.9 
6 Silking (R2) 17.95 11.5 69-81 (12) 138 560.9 
7 Blister kernel (R3) 21.13 11.5 82-88 (6) 69 629.9 
8 Beginning Dent (R 4.5) 17.19 9.24 89-104 (15) 130.6 760.5 
9 Full Dent (R 5.5) 25.05 7.21 105-125(20) 144.2 904.7 
10 Maturity 27.01 3.56 126-140 (14) 49.84 954.54 
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Table 7. Comparison of BBF over Flat Bed Method Based on Water Requirement and Yield of Maize Crop 

Sr. No. Plot Type 
Irrigation 

Supplied In 
(mm/ha) 

Duration of 
Irrigation days 

DAP + Urea 
Fertilizer Applied Micronutrient Applied Yield Analysis 

(kg) 

1 Broad Bed Furrow (BBF) + Integrated 
Nutrient Management (INM) 660.9 

0 - 140 

Urea - 75 kg DAP 
- 100 kg 

Zinc Sulphate: 3.2 kg Boron: 
120 gm Gypsum: 12.8 Kg 584.43 

2 Broad Bed Furrow (BBF) - Integrated 
Nutrient Management (INM) 0 - 140 Nil 557.27 

3 Flat Bed + Integrated Nutrient 
Management (INM) 954.54 

0 - 140 Zinc Sulphate: 3.2 kg Boron: 
120 gm Gypsum: 12.8 Kg 462.24 

4 Flat Bed - Integrated Nutrient 
Management (INM) 0 - 140 Nil 451.84 

 
 

 

Figure 14. Demonstration plot and Land practices for Maize Crop 



154

 

22. Summary 
An electrical resistance type sensor works on the same principle as the tensiometers, but it able to read 
high soil moisture tension which may occur in fine soils (such as in Mehrun village). When using 
trigger levels to schedule drip irrigation system. These sensors read the tension between soil and water 
particles. Soil moisture tension (measured in terms of centibars) increases when there is less water in 
the soil. 
 
For most types, readings under 10 (bars indicate a wet soil and above 50 chars indicate a dry soil. For 
better crop production, both conditions are harmful; hence a balance is kept, for optimum water 
availability to crop according to its growth stage, so as to get higher/optimum yields. 
 
In the present experimental set up using sensor based automatic drip irrigation system and black cotton 
fine soil, it reveals that (Table 5 and 6) as the soil moisture tension increases, the water requirement of 
Maize crop increases up to its maximum vegetative growth stage i.e. blister kernel and beginning of 
Dent stage. Later on, though the surface tension value increases, the Maize Crop plant does not need 
any water for reproductive growth up to maturity. 
 
Again it can be clearly observed that the water use per day is minimum i.e. 2.05 mm/day & 2.56 
mm/day in the preliminary vegetative growth stage i.e. 4 leaf stages. Then, it constantly increases up to 
full vegetative growth stage and starts the reproductive growth (i.e. V8 to R3). In the third stage up to 
the maturity, it is found decreasing.  
 
In the four treatments undertaken here, it is clearly seen that BBF +/- INM plots need lower quantity of 
water with higher yields, than the flat-bed +/- INM plots (Table 7), while, all other prevailing 
conditions viz. soil type, texture, temp wind speed, humidity etc remain the same for all the treatments. 

23. Conclusions 
It is demonstrated from the above experiments that BBF method of land configuration is better than the 
conventional Flat Bed method in terms of low water requirement, higher aeration and availability of 
nutrients as well as yield. 
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24. Major Knowledge Deliverables 

■ Current Farming Practices & Challenges in given cluster; 
■ Comparison of the Integrated Nutrient Management Practice with the Traditional Practice; 
■ Estimation of Soil Water Stress And Moisture Content with the help of data gathered through 

sensors on the web server; 
■ Determination of Grain Yields at maturity; 
■ Analysis of variance (ANOVA) to compare soil water content and yield in Various combinations of 

treatments: 
1.  BBF with +INM vs. FB with +INM; 
2.  BBF with -INM vs. FB with –INM; 
3.  BBF with +INM vs. BBF with –INM; 
4.  FB with +INM vs. FB with –INM. 

■ Sensor Based Decision Support System (DSS) to promote the best agricultural practices and 
increasing crop yield; 

■ Change analysis of Soil Moisture, Soil and Nutrient Loss to understand the impact of improved land 
and nutrient management practices. 

Photographs of Trial plots with Drip and Sensor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demarcation of Plots Preparation of BBF and Flat beds 

Flat Beds with drip BBF with drip 
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Drip Irrigation Filter Drip Irrigation System Installation 

Soil Moisture Tension Indicator 
 

Flat Beds with drip Flat Beds with drip 

Soil Moisture Tension Sensor 

Sowing of Maize crop Maize crop 
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 1 

FOUR YEARS INDIA'S RESEARCHES IN 20' IMAGES: FROM PRECISION 
FARMING TO A DREAM FOR 1,492 VILLAGES 
 
di M. Benedetti 
CINSA - National Interuniversity Consortium for Environmental Sciences – Venice Local UNIT 
 
How to make a sustainable project? 

How to ensure that, in addition to definitely essential bibliography generated by science researches, 

remains an evidence to the 1,492 rural villages of Jalgaon district we have been identified as new 

solutions for agriculture, spread to 75% of the area of 12.000 km/square to the district, reflects the 

structural weakness due to the inability to irrigate fields 8 out of 10? 

These are the reasons that led the working group CINSA to integrate its expertise in environmental 

sciences with those of popular science, thanks to a special agreement in January 2015 with the 

“Milano Foundation - Civic School of Cinema”. 

The result of this agreement was an audiovisual documentary of 20' which tells of a territory and its 

population, the tenacious journey daily to feed their own people, also thanks to new technologies 

that form the experienced precision farming. Following are the 19 points of the script of the 

documentary produced by the Italian-Indian crew during the first months of 2015. 

It seems that the methodologies important to observe the technologies and the results obtained in 

this project might represent a pilot experiment or something like an “Experimental Prototype” to be 

replicated in many other comparable environmental situations (India, Italy, Northern Africa, 

somewhere else) where it necessary is to balance the preservation of the biodiversity with the 

fulfillment of the vital alimentary exigencies of a population, we are confident that, also from 

watching the documentary directors, farmers and researchers, should be inspired to start similar 

projects. 

Under this aspect advisable it seems that the “Indian experience” and the consequent results can be 

an excellent point of reference to a proposed network sensors as well for the industrialized 

Lombardy Region (Italy) agriculture in order to plan, in rational way, the irrigations, to guarantee a 

water saving and to greater agricultural productivity 

The word definitely describes, but the image with its evocative strength and help foster new positive 

tests. 

 
Have a nice vision! * 

 
 
 

* For online viewing of the documentary or receive a copy of the file please contact CINSA at the 
addresses’ cover 
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Points for Preparation of Audio-Visual Documentary:  

 

 
A. Biodiversity of India 

Biodiversity is the variety and differences among living organisms from all sources, 

including terrestrial, marine and other aquatic ecosystems. India is a “megadiverse” country 

having 2.4% of the world's land area with 7-8% of all recorded species.  The forests cover 

about 21.05% of the geographical area of the country. The latest report published by Indian 

Ministry of Environment and Forests depicts that, there are about 45,000 species of plants 

and 96,373 species of animals. Four of the 34 globally identified biodiversity hotspots, are 

represented in India.) (A1.Earth, Life, A2.General animal, A3.plants and A4.natural 

resources video and photos. A5.Western ghats and A6.Eastern Himalayas video photo). 

 

B. Biodiversity Conservation efforts by GoI  

The government of India has set up a network of 668 protected areas for biodiversity 

conservation. These protected regions include National Parks, Wildlife Sanctuaries, 

Conservation Reserves and Community Reserves.) (B1.Video and photos of PA) 

 

C. Need of biodiversity conservation in India 

Human activities and interventions have greatly reduced biodiversity in and around the 

forests. The greatest threat to biodiversity is loss of habitat due to human encroachment. Top 

carnivore Tiger has become rare and it is on the verge of extinction because of natural 

degradation of the forest and increased anthropic pressure. Habitat conservation is necessary 

to develop the healthy ecosystem.) (C1. Human carrying woods, C2. animal grazing, C3. 

Agriculture within forest) 

 

D. Jalgaon district forest is one of the best suited Tiger habitat located in the Maharashtra state 

of India (D1. Google earth shooting and D2. tiger video or photo).   The Jalgaon is bounded 

by Satpuda mountain ranges in the north and the world famous Ajanta mountain ranges in 

the south. (D3. Photo and video of Satpuda and D4. Ajanta) The district lies between 20º 16’ 

to 21º 24’ North latitudes and 74º 45’ to 76º 23’ East longitudes. It covers an area about 
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11757 sq km. (D5. Location map of Jalgaon district). Agriculture is the predominant 

occupation in Jalgaon district. According to official agriculture reports, the agricultural land 

covers 8,777 sq km. Out of total agricultural area (74.60%), only 22.21% is irrigated & 

52.38% is dry land. (D6. Agriculture video) Jalgaon district shares 16% of the total banana 

production in India that’s why it is recognized as banana city of India. (D7. Banana photo 

and videos)           

  

The flora of the Jalgaon district comprises Teak, Salai, Anjan, Palas, Arjun, Shisham, Cutch, 

Mango, Neem, Simal, Tamarind, River Red Gum, Bitter Oleander, Jujube, Prosopis juliflora 

and so on (D8. Photos and videos of Plants) 

The birds listed in Red data book includes Laggar Falcon, River Tern, Painted Stork, Black 

headed Ibis, Black necked Stork, Darter, White backed vulture, Indian vulture. (D9. Photos 

and videos of birds) 

 

The mammals listed in Red data book include Sloth Bear, Stripped Hyena, Leopard, Four 

Horned Antelope, Tiger, Black Buck (D10. Photos and videos of Animals) 

The Herpetofauna found in the district are Common Frog, Common Calotes, Common 

Toad, Chameleon, Indian Cobra, Rat Snake, Russell’s viper (D11. Photos and videos of frog 

and cobra/herpetofauna) 

 

E. Biodiversity Loss. 

Biodiversity of Jalgaon district has declined due to natural degradation of forests and human 

interventions. The greatest threats to the biodiversity are the changes, loss and fragmentation 

of the habitat. The changes in habitat occurred due to the conversion of forest land into the 

agricultural land by tribals. Over exploitation of the forest resources is the reason for habitat 

loss and fragmentation. (E1. Forest Cutting, E2. burning (Forest dept), E3. grazing, E4. 

Forest loss due to Dam-Haripura, E5. Agriculture encroachment – Google earth image). 

(Interview of Mr. Rajendra Nannaware about forest corridor development)  (E6. Patch 

fragmentation Waghzira and Pal forest Google Earth Images + Forest map) 
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F. Species at risk 

A recent wildlife species census in the area underlines that tiger population is at risk of local 

extinction in Jalgaon district. Also many other species like leopard, deer, caracal and forest 

owlet are in danger. Indeed, when top predators are at risk, all the below food chain results 

fragile with serious consequences on the local biodiversity. (Photos and videos of F1. 

habitat loss/species loss, F2. Statistics of tiger in last decades and now….) 

 

G. Problems regarding agriculture  

As the area falls in semi-arid region, it experiences irregular and erratic rainfall and hence it 

has limitation of resources. Overexploitation of groundwater is another problem that the 

region is facing. The agriculture is mostly rain fed and the severe water scarcity during 

drought years damages the crops and agricultural productivity, which adversely affect the 

livelihood of dependent population. Moreover, in the last few decades there is large-scale 

conversion of forest land to agricultural land to meet the demand for the growing 

population. Limitation of resources and encroachment into forest habitats has been creating 

enormous pressure on the biodiversity of the Jalgaon district. Hence, there is urgent need to 

make agriculture more effective and sustainable. The major concern today therefore is to 

increase agricultural yield while conserving biodiversity at the same time, and to maintain a 

healthy foundation for those who depend on agriculture for their livelihoods. This aim can 

be achieved by implementing sustainable agriculture techniques like precision agriculture.  

(Photos of G1. drought, G2. Agriculture problems and G3. One precision agriculture photo) 

 

H.  Proposal regarding biodiversity to MCC: 

     The project was planned and implemented under the aegis of upcoming Universal 

Exposition of Milan 2015, popularly known as Milan Expo 2015. “Feeding the Planet, 

Energy for Life” is the central theme of this exposition. To solve the problems regarding 

biodiversity assessment strategies and sustainable agriculture in semi-arid tropic and 

developing countries, (CINSA, Venice), (JalaSRI, Jalgaon), (ICRISAT, Hyderabad ), 

(district collectorate Jalgaon) have submitted the joint project proposal to Milan city 

council, Italy. The project aimed to generate the knowledge base to present it worldwide 

before the entire global community.  

(Photographs of the H1. meetings, H2. proposal submission etc. if available) 
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I. Detailed Objectives (In depth biodiversity status and functioning studied at appropriate 

level along with anthropic pressure. For systematic conservation planning, ecological value 

and ecological sensitivity indicators were calculated. Advanced farming techniques for 

precision agriculture were demonstrated on the field with smart ground sensors. 

Hydropedological studies were carried out to understand the soil and groundwater 

relationship.) (Photographs of I1. biodiversity, I2. deforestation, I3. agriculture, I4. BBF 

etc.)            

            

J. Preliminary biodiversity assessment (General Plants and Animals Photos and Videos - 

sighting) and Observations of Phase I (Important Plants and Animals Photos and Videos) :  

The project was carried out in two phases. The first phase was completed between April 

2009 to March 2010. During first phase, base maps of various features were generated and 

preliminary biodiversity survey was carried out using vehicular transect method. In first 

phase of the project, the results were surprising that none of the plant species recorded in 

Jalgaon district could get entry in IUCN’s red data book.  However, a considerable number 

of animal species belong to threatened category as per IUCN’s red list. The study revealed 

that, there is a great pressure on forest biodiversity due to agricultural encroachment.  

 

K. Phase II Data & methodology (The second phase of the project started in April 2012. The 

satellite image of year 2011 & Digital Elevation Model were procured from National 

Remote Sensing Centre, Hyderabad, India.  Also, the base maps & attribute data obtained 

from various government agencies were used to calculate ecological indicators. Erdas 

software was used for satellite image processing whereas ArcGIS software was used for data 

preparation and analysis.) (K 1 Photos of above mentioned data) 

 

Biodiversity field survey was carried out by dividing the entire area of the Jalgaon district 

into 1 km by 1km sampling grids where 354 grids were surveyed along the 56 survey routes. 

Sampling was done inside the grid using line transect method for collection of vegetal and 

vertebral data. Total 15 ecological indicators were calculated. Of which, 7 were ecological 

value indicators viz. soil roughness, habitat rarity within the area, vertebrate species 

richness, plants richness, percentage of surface included in protected areas, hydrological 
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network density, normalized difference vegetation index and 8 were ecological sensitivity 

indicators viz. area, fractal coefficient of perimeter, circularity ratio of area, average slope, 

fire potential index, nearest neighbour index, vertebrate species present in red data book, 

soil erosion index. All these indicators were calculated for each habitat patch. 

 

L. Calculation of Ecological Indicators and Generation of maps: We have derived 

ecological   indicators, by following the methodology adopted for Map of the Italian Nature 

Project. 

(L1. Methodology flow chart & L2.1 EV Indicators maps and L2.2 ES Indicators maps) 

 

M. To demonstrate precision agriculture – to generate knowledge-base of improved land 

configuration, nutrient delivery practices and water use efficiency using Broad Bed Furrow 

(BBF) type of agricultural plots. (Another part of the project was demonstration of precision 

farming techniques that leads to higher yields and lower costs. To demonstrate the precision 

farming practices, the soil analysis was done for the trial plot to understand the status of soil 

nutrients and texture. The activity involved two major parts, 1st improved land configuration 

and 2nd micro-nutrient delivery practices. The study compared the broad bed furrow and 

improved nutrient management technique with traditional practices. The trial plot was 

divided into four sub-plots of different combinations i.e. 1st broad bed with furrow with 

integrated nutrient management, 2nd broad bed with furrow without integrated nutrient 

management, 3rd flat bed with integrated nutrient management and 4th flat bed without 

integrated nutrient management. In this sub-plots maize was cultivated in two different crop 

seasons. The drip irrigation structure was developed to supply optimum water to the crops. 

The hydrological station collects the accurate soil moisture data through smart sensors and 

thereby controls the water requirement through actuator valve. All the hydrological data is 

easily accessible through the web. The yield sampling was done for the maize crop to 

compare the results. It was demonstrated from the above experiments that broad bed with 

furrow technique of improved land configuration was better than the conventional 

techniques in terms of low water requirement, higher aeration and availability of nutrients as 

well as yield.)  
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N. Identification of hotspots and planning of ecological networks  

In order to realize a Sustainable Ecological Network of the district the maps of Ecological 

value, Ecological sensitivity and Ecological attention were prepared. Through this important 

planning instrument the Environmental Decision Makers of the district can conserve the 

local biodiversity. 

The Ecological Value and Ecological Sensitivity of each environmental unit of the Jalgaon 

area were quantitatively evaluated utilizing several indicators and these are essential in order 

to individuate the Hot-Spots of Ecological Attention in Jalgaon area. Hot-Spots of 

Ecological Attention are the small fraction of habitats characterized, at the same time, by the 

greatest Ecological Value and the greatest Ecological Sensitivity. The habitats defined as 

Hot-Spots of Ecological Attention should be protected & need ecological attention. A 

threshold of 15% of habitats with the greatest Ecological Value and 15% of habitats with the 

greatest Ecological Sensitivity was considered in order to identify the Hot-Spots of 

Ecological Attention. (Maps of N1. EV and N2. ES) 

 

O. Hot-Spots of Ecological Attention in Jalgaon district 

The Hot-Spots of Ecological Attention in the Jalgaon district are 47. It constitutes 7.3% of 

the natural and semi-natural habitats. The area covered by Hot-Spots of Ecological 

Attention is 837.78 Sq Km, which is 7.1% of the total district area. The Habitats of 

ecological attention of the district are represented mostly by habitats which cover the 

riparian zones along the most important rivers of the district: Tapi, Girna, Suki, etc. 

Other important Hot-Spots of Ecological Attention are the Forest mixed dry deciduous 

which occur in Chopda, Raver and Yawal tehsils in the northern part of the district which is 

near the tribal zones, and also in the Chalisgaon tehsil in the southern part. The Gautala 

wildlife sanctuary and Yawal wildlife sanctuary are included in the list of Hot-Spots of 

Ecological Attention.  

(O1. Map of ecological hotspots) 

 

P. Anthropic Pressure: 

The necessity to protect and connect these areas to the national network creates different 

environmental problems because it is necessary to consider not only the first two 
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dimensions which are ecological value and ecological sensitivity, but also a third dimension 

which is anthropic pressure trend. 

The main aim of Demographic Pressure analysis was to individuate and to characterize the 

general trends of the Anthropic Pressure burdening on the natural environment of 1492 

Indian villages belonging to the 15 tehsils of Jalgaon district. Each village is described by 3 

demographic indicators: Population Density, Population Rate of Natural Increase and Net 

Migration Rate. 

 

The trend and intensity level of increasing anthropic pressure were calculated and mapped 

for all the 15 tehsils of Jalgaon district. The trend was seen as increasing and decreasing and 

the intensity level was classified into light, medium, moderate, elevated and very elevated. 

The demographical traits of these Indian villages were used as good predictors to derive the 

type and of the intensity of the pressures due to the human activities exercised on the natural 

environment surrounding the same villages. (Maps of P1. Anthropic pressure trend and P2. 

intensity level) 

 

Q. Estimation of soil erosion by water:  

The estimation of soil erosion by water in Jalgaon district was done using USLE method 

due to the availability of limited data. The model considers 6 factors which are R factor, K 

factor, LS factor, C factor and P factor. 

 

- The R factor determines the climatic erosivity due to rainfall. 

- The K-Factor is used to define the soil loss rate per unit of R factor. 

- The L and S factors are combined into a single topographic factor, LS.  The LS factor is the 

topographic factor that takes into account gradient percent and length of the slope. 

- The C factor is the ratio between the erosion of a soil with a specific vegetation cover, and 

the same soil left bare during the entire year.  

- The P factor is used to describe the anti-erosion interventions and positive impacts of 

agricultural management practices such as contour farming, strip cropping, and terracing.    
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The final soil erosion was calculated by using putting all of these factors in the equation  

 

                   Water erosion (t ha-1 y-1) = R x K x LS x C x P  

 

(Q1.R factor, Q2.K factor, Q3.LS factors, Q4. C factor and Q5. soil erosion map) 

 

 

R. Fertility capability soil classification (FCC):  

The Fertility Capability Soil Classification system is used to interpret soil taxonomy and 

additional soil attributes. Fertility Capability Soil Classification deals only with inherent soil 

properties that cannot be easily changed with time. Fertility Capability Soil Classification 

considers topsoil parameters as well as specific subsoil properties.  

Soil map, Analytical data of 22 representative surface soil samples, Slope map and Soil 

erosion map were used to evaluate the Fertility capability soil classification for Jalgaon 

district. 

 

For the study area the topsoil and subsoil type was defined according to the taxonomy of the 

soil. The criteria are 1st is particle-size classes, 2nd is indication of Lithic and 3rd is indication 

of Leptic.  

 

The cases identified in the Jalgaon district are 1st deep soil rich in clay which is denoted as 

C, 2nd is shallow soil on rock substrate, with a clayey topsoil and it is denoted as CR, 3rd is L 

which represents deep soil with a loamy texture and 4th is shallow soil on rock substrate, 

with a loamy topsoil denoted by LR. 

 

Three synthetic indicators of soil fertility were also calculated and mapped. These indicators 

were Physical fertility, Chemical fertility and Global fertility. The Physical fertility takes 

into account soil thickness; gravel; vertic properties; slope; erosion and Available Water 

Capacity. The Chemical fertility takes into account the presence of carbonates, the cation 

exchange capacity, the concentration of organic matter and the power of phosphate fixation. 

The Global fertility describes the lowest rating between the physical and the chemical 

fertility. 
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(R1.topsoil and subsoil, R2.Slope map, R3. Soil erosion map, R4. Map of physical fertility, 

R5.Map of chemical fertility, R6. Map of global fertility, R7. Vertic, R8.AWC R9.calcaric, 

R10.CEC, R11.SOC, R12.P fixation,) 

 

S. Conclusion and Final Recommendations 

The recommendations are addressed to the Environmental Decision Makers and are 

correlated to the main objectives of the Project: Defense of Biodiversity and Agriculture 

Development.  

 

The recommendations can be summarized in 10 points: 

1. The realization of the Ecological Network of Jalgaon district must be considered an 

essential planning objective for the Biodiversity defense. 

 

A quantitative analysis of the ecological data collected by the project suggests that an 

Ecological Network which covers 15-20% of the Jalgaon district area can protect more than 

50% of the habitat Biodiversity of the same district. Protecting the habitats means to protect 

the numerous species living on the same habitats, including the species at risk of extinction. 

 

2. The Ecological Network realized by the project covers 18.7% of Jalgaon district area, a 

value very close to that calculated by quantitative analysis of the ecological data. Both the 

mean Ecological Value and the mean Ecological Sensitivity of the habitats included in the 

Ecological Network are greater than the correspondent mean values referred to the entire 

district. 

 

These evaluations are essential because the environmental decision makers must be sure that 

in the Ecological Network are included both the habitats and species of high ecological 

value and the habitats and species at high risk of extinction. 

 

3. In the realized Ecological Network are included: 

3.1 Wildlife sanctuary covering an area of 255.76 sq.km corresponding to the 2.17% of the 

entire district, 
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3.2 Reserved forests covering an area of 1,835.79 sq.km corresponding to the 15.61% of the 

entire district, 

 

3.3 Connecting corridors which include the riparian habitats covering an area of 320.18 

sq.km corresponding to the 2.72% of the entire district, 

3.4 Secondary knots which include the Hot-Spots of Ecological Attention covering an area 

of 837.78 sq.km corresponding to the 7.1% of the entire district, 

3.5 Stepping stones which are footholds located in a way to represent support points that 

favor the movement of organisms when continuous natural corridors does not exist. 

Secondly, for their spatial location seem to represent, especially in the central part of the 

district, support points that can favor the movement of organisms when continuous natural 

corridors does not exist 

 

Note that also the Hot Spots of Ecological Attention are included in Ecological Network. 

 

4. The Anthropic Pressure acting on the natural environment, with particular reference on 

the Biodiversity, is expected to increase in next future on almost entire Jalgaon district. The 

intensity of increase of Anthropic Pressure is different for the various tehsils or villages. The 

exception is represented by some villages located in the territories of the tehsils Chopda, 

Yawal and Raver.  

 

The efforts for the defense of Biodiversity of the Jalgaon district by the environmental 

decision makers must take into account the spatial variability of Anthropic Pressure acting 

on the Biodiversity and the Ecological Network of Jalgaon district is the necessary 

instrument in order to rationalize their interventions on the territory.  

 

5. One of the biggest problems in the district of Jalgaon, from the point of view of soil 

conservation, is the erosion by water. The map obtained using the USLE model shows that 

only in a part of the district the soil erosion is under 11 t ha-1 y-1, which is the threshold of 

soil loss generally considered acceptable. On average, the erosion in the study area is 

estimated more than 20 t ha-1 y-1, with peaks above 100 t ha-1 y-1. The erosion causes the 

removal of the topsoil; this produces the reduction of soil fertility and therefore the lowering 
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of soil production capacity. It is important to carry out measures to protect the soil from 

erosion: in particular, it seems appropriate to maintain good plant cover of agricultural soils 

during the rainy season, e.g. using cover crops. Moreover, the organic matter content of the 

soil could be increased using crop residues. In this way the soil structure could be improved 

and soil erosion could be reduced, as it raises soil permeability. 

 

6. The increase in agricultural yields is required to reduce the anthropic pressure on natural 

areas. For proper planning of the agricultural sector, areas with better, more productive and 

free of restrictions soils should be identified. To do this, it should be taken into account the 

map of global fertility according to Fertility capability soil classification, which was 

obtained by integrating the maps of chemical and physical fertility. These are based on 

physical and chemical properties of the soils and in particular on their limitations such as 

excessive gravel content, limited Available Water Capacity, etc. The best and most 

productive soils are the most suitable to receive technological inputs such as chemical 

fertilizers, weed control, mechanization, because they provide a good economic return. 

 

7. As a prosecution of the evaluations performed on the soils of the Jalgaon district, it would 

be appropriate to obtain Land Suitability maps for specific crops grown in the area eg.: 

sorghum, starting from the available informations like land characteristics and quality, 

compared with the requirements and constraints of the crops, applying the methodology 

proposed by Food and Agriculture Organization. The result would divide the territory into 

areas with different aptitude for the specific crop, taking into account the physical and 

chemical limitations of the soils, the climatic characteristics, the technological level, and the 

economic aspects. 

 

8. The optimum use of water resource is the prime requisite for the sustainable livelihood in 

this region.   

An innovative system of wireless sensors network gives the accurate data from the trial 

plots which proved useful in predicting the behaviour of crop and used simple water 

management techniques according to local conditions. It was observed that the water 

consumption of the primary stage crop was low and was constantly increased during the 

reproductive stage and finally decreased at the maturity stage. 
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9. The farmers are currently adopting the traditional land configuration practices but the 

study showed that Broad Bed Furrow method of land configuration is far superior to Flat 

Bed method in terms of low water requirement, higher aeration and availability of nutrients 

as well as yield. However the broad bed furrow and flat bed methods of land configuration 

showed good results with integrated nutrient management system. 

 

10. The study concludes that farmers should prefer the Broad Bed Furrow land configuration 

with integrated nutrient management. 

 

The contributions and the scientific results reported in this document are due to 4 different 

teams of Italian and Indian experts: 

• Indian team coordinated by Prof. G. Rane (JalaSRI- Watershed Surveillance and 

Research Institute, Moolji Jaitha College of Jalgaon, India); 

• Italian team coordinated by Prof. O. Rossi and Dr. A. Pecci (CINSA; National 

Interuniversity Consortium for Environmental Sciences, Venice, Italy); 

• Italian team coordinated by Prof. R.Comolli (Bicocca University of Milan, Milan, Italy); 

• Indian team coordinated by Professor S.R, Rao (ICRISAT-International Crops Research 

Institute for the Semiarid Tropics of Patancheru, Hyderabad, India) 

 

The direction and coordination of the entire research project are due to Prof. O. Rossi  

(CINSA-Venice, Italy). 

For more detailed news concerning the methodologies used and the   results   obtained see 

the volume: CINSA (O.Rossi and A.Pecci Editors) “Final Report” of the  Project: 

Biodiversity Protection and Agriculture Development in Jalgaon District ( India): a 

sustainable multilevel approach integrating Systematic Conservation Planning, Hydro-

Pedological Watershed Classification and adoption  of  Precision Farming.   
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