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1. Introduction 

Prosopis juliflora1 is an evergreen tree native to South America, Central America and the 

Caribbean. In the United States, it is well known as mesquite. It is fast growing, nitrogen 

fixing and tolerant to arid conditions and saline soils. Under the right conditions, P. juliflora 

can produce a variety of valuable goods and services such as construction materials, charcoal, 

soil conservation, and rehabilitation of degraded and saline soils (See Box 1). Global concern 

about deforestation, desertification and fuel-wood shortage prompted the introduction of P. 

juliflora and many other hardy tree species to new environments across the world. P. juliflora 

has survived where other tree species have failed and in many cases become a major 

nuisance. P. juliflora has invaded, and continues to invade, millions of hectares of productive 

lands in South Africa, East Africa, Australia and Asia (Pasiecznik et  al, 1999). In 2004 it was 

rated one of the world’s top 100 least wanted species (Invasive Species Specialist Group of 

the IUCN, 2004).  

With its tremendous ability to adapt to arid and semi-arid environments, and its fast growth 

and multiple utility, Indian foresters recognised it as a versatile species for afforestation. 

However, rural people are little apprehensive of this species as (i) they consider that the 

species adversely affects crop growth and production; and (ii) the thorny stems and branches 

of the species often cause injury to humans and livestock, and hinder agricultural operations. 

In Gujarat, P. juliflora was initially planted by the Gujarat Forest Department in early sixties 

on the boundaries of Banni in Kachchh, along the desertic margins of Great Rann of Kachchh 

to check the Rann ingression. Due to its tolerance against salinity and drought, coupled with 

rapid growth and long distance dispersal of seeds (mainly by livestock), it has out-competed 

all other species and invaded almost every part of Kachchh.  Almost at the same time, it also 

started spreading in other parts of Gujarat, mainly in the semi-arid regions of Saurashtra and 

north Gujarat. According to satellite based remote sensing assessment (SAC, 2001), about 

8.5% of total geographical area of Kachchh and Saurashtra is covered by P. juliflora. The 

species covered almost all the productive ecosystem of the region and altering the ecological 

structure and functions, to a larger extent. 

Banni, unique grassland in Kachchh, is most heavily infested by this woody exotic species.  It 

has been reported that the area under P. juliflora has increased from 378 to 684 km2 (an 81% 

increase) in 12 years (i.e. 1980-1992). Analysis of remote sensing data clearly stated that the 

species is expanding in the Banni area at a rate of about 25 km2 per year. This significantly 

 
1 While a few earlier studies suggested that P. chilensis and P. juliflora are the same species, recent studies 

confirm that P. chilensis and P. juliflora are two different species. Thus in this report we are considering the 

name of species as Prosopis juliflora.  
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reduces the pristine grasslands of the region and in the process adversely affects the 

traditional pastoral livelihood base of more than 1000 families.  

 

While, ecologically the species is considered as invasive and have its own implications, it 

provides good source of fuel wood for large number of rural communities. One of the long 

known uses of P. juliflora is to convert into wood charcoal through anaerobic pyrolytic 

process. In Gujarat, certain communities (like Kolis) had expertise in charcoal making from 

P. juliflora. However, till recently, the conversion of P. juliflora wood into charcoal for 

commercial purpose was actually a restricted activity and was legally allowed only through 

transit permits/passes, issued by Forest Department. Recently (in 2004), Government of 

Gujarat through a Government Order had removed the transit pass system and thus virtually 

opened the species for its conversion into charcoal and also its marketing (the order exclude 

forest areas and protected areas). Due to effect of this order, large numbers of people are 

getting engaged in this labour intensive work. Needless to say, just within a period of 3 years, 

Box 1:  

 Brief Description of Prosopis juliflora (Sw.) DC. 

Synonyms: Acacia juliflora (Sw.) Willd., Algarobia juliflora (Sw.) Benth. ex Heyne, Mimosa juliflora Sw., 

Neltuma juliflora (Sw.) Rafinesque, Prosopis vidaliana A. Naves, Prosopis cumanensis (H.&B. ex Willd.) 

H.B.K., Prosopis dominguensis DC., Prosopis dulcis var. dominguensis (DC.) Benth. 

Common names: Mesquite, Mexican thorn, Cashaw (English); algarrobo, mezquite, trupillo, (Spanish);  

Vilayati babul (Hindi, Punjabi), Ganda baval (Gujarati). 

Importance: It is probably the most widespread and infamous species of Prosopis, being both an invasive 

weed and a major source of fuel and fodder. In hot, arid regions where little else will grow, P. juliflora is 

highly valued, providing 70-90% of the fuelwood needs in parts of Central America, the Sahel and India, 

and its pods are an important fodder. 

Distribution: P. juliflora is native to Central America, the Caribbean and northern South America, 

occupying an intermediate region between North and South American ‘centres’, where most species are 

concentrated. The limits of the range are, however, uncertain, and may change with new classifications at 

either extreme. P. juliflora in Mexico overlaps with P. glandulosa and P. laevigata, while in Colombia, 

Ecuador and Peru it overlaps with P. pallida. Molecular studies are needed to resolve the inter-relationships 

of these populations. It has become naturalised in most dry, frost-free regions of Africa, Asia and 

Australasia. 

Habitat: Native Central American and Caribbean populations are generally coastal, with some extensions 

inland along rivers or dry valleys, and are sometimes found at higher elevations. It is often abundant, in 

thickets on sand dunes or coastal flats, up to 200 m altitude. Above this, it becomes rare dry thorn scrub, but 

occasionally weedy above 600 m. Where introduced, it occupies a wide range of sites including highly 

saline / alkaline soils. 

General description: P. juliflora is generally thorny, often branching close to the ground, with a shrubby 

appearance, spreading branches and a wide, flat-topped crown. 

Variation: This species probably has the largest genetic variation of all Prosopis, if all present populations 

continue to be described as P. juliflora. Coastal forms are generally very thorny and spreading in habit, 

unsuitable for plantations, but unfortunately, may have been the source for much of the material introduced 

world-wide. There appears to be several races, with the Central American P. juliflora different from that in 

the Caribbean, Colombian and Venezuela, but also wide variation within. Also, in Ecuador and Peru, P. 

juliflora var. inermis (thornless), P. juliflora var. horrida (very thorny) and a P. juliflora X P. pallida hybrid 

have been described.  

Source: Pasiecznik et. al. (2004) 
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the charcoal making is one of the mainstays of rural economics and aptly engenders huge 

economic proceeds in the state. Most importantly, this provides huge livelihood opportunities 

to large number of rural people.  Region like Kachchh is a major hub of this economic 

activity. According to some reports, in many villages of Kachchh almost 100% adult 

population is engaged in this activity. 

Conversely to above, the massive scale of operation in Kachchh raises the concerns for its 

sustainability as well as inducing many environmental problems like increasing soil erosion, 

extermination of local tree species etc. The voices of concerns start emerging from different 

section of the society including the community members, planners and managers. While 

environmentalists are concerns about the possibilities of increased soil degradation (soil 

erosion due to runoff and wind actions), the social scientists are more concerned about the 

possibilities of encroaching the P. juliflora cleared lands by influential groups.  Thus, a 

policy framework for sustainable use of this renewable resource management was felt 

needed.  

One of the major bottlenecks to the sustainable management of Prosopis juliflora in Kachchh 

includes lack of understanding about actual usable biomass available for charcoal based 

enterprise under different edaphic and physiographic conditions of the region. Furthermore, 

both the rapid invasion of P. juliflora in the past and their rapid conversion into charcoal 

recently assumingly has serious implications on the dynamics of carbon sequestration in 

dryland conditions at sub-regional scale. Ironically, there are hardly any efforts on empirical 

assessment of above issues. 

It is in the above context, this study is being undertaken in P. juliflora infested landscape of 

Kachchh to fill some of the knowledge gaps described above. Specifically, study aims to 

achieve following objectives: 

1. To review current state of knowledge about (i) P. juliflora especially in terms of its 

invasion, biomass production and charcoal conversion and (ii) carbon sequestration in 

dryland regions 

2. To assess availability and characteristics of P. juliflora biomass, especially in the context 

of its rapid conversion into charcoal. 

3. To understand and estimate carbon sequestration by P. juliflora, especially in the context 

of its rapid conversion into charcoal. 

4. To indicate policy directives for sustainable use of P. juliflora in dryland regions.  

To achieve above objectives, this study was undertaken to collect relevant soil and biomass 

information mainly through limited field based sampling and on-site charcoal conversion 

experiments in four P. juliflora infested landscapes of Kachchh district. The field data 

collection was conducted from December 2007 to May 2008. 
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2. Methodology 

In order to achieve different objectives of this study following three major methodological 

steps were adopted:  

(i) Desk review of literature on P. juliflora  and carbon sequestration in drylands 

(ii) Field assessment of P. juliflora in terms of biomass and their conversion into charcoal 

(iii) Village level assessment of key socio-economic issues related with P. juliflora  

2.1 Desk Review of Literature 

For greater understanding of the species and concerned issues, desk review was conducted. 

Broadly, global knowledge related with (i) ecology and economics of invasion of Prosopis 

juliflora (ii) role of woody invasive species like P. juliflora in carbon sequestration in the 

soils of dryland regions (iii) control and management systems of invasive species like P. 

juliflora, were reviewed. The information on above aspects was collected from secondary 

source including published and unpublished literature such as, research articles, reports, 

mimeographs and thesis, accessed from various libraries of universities, colleges and research 

institutions. The internet search also helped in gathering relevant research material. Also, 

efforts were being made to review local level knowledge about P. juliflora, with special focus 

on the socio-economics of charcoal manufacturing. For the purpose, both published and 

unpublished reports and research papers were collected through internet search and direct 

request from concerned researchers. 

2.2 Field Assessment 

2.2.1 Site Selection 

Kachchh, being the second largest district in the country, is a distinct region in bio-

geographic and agro-climatic terms. The Kachchh landmass can further be divided into 

different sub-regions, characterized by geo-edaphic as well as biological diversity. Needless 

to say, the distribution and abundance of P. juliflora in these regions differs greatly. Thus, in 

the context of this study, it was decided to select study sites from different sub-regions of 

Kachchh. Contextually, for the study purpose we identified four major landscapes that are 

extensively covered by P. juliflora - Banni, Powerpatti, Little Rann of Kachchh and Coastal 

tracts. As per existing knowlege, in Kachchh, these sub-regions have maximum concentration 

and extent of P. juliflora.   
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In each of these sub-regions, sampling sites for assessment of biomass, charcoal and soil 

carbons were zeroing down through reconnaissance surveys. Further to this, based on the 

feedback from respective forest officers, followed by visits and assessment of suggested 

forest area, four sites had been identified and finalized for the intensive study purpose. The 

sites were selected based on following criteria: (i) logistically, easy to locate and approach 

(ii) sufficient large patch size so that a few replicates can be sampled (iii) consist of good soil 

layer so that sufficient belowground biomass can be extracted (rocky and stony sites were 

avoided for difficulty in harvesting below-ground biomass of P. juliflora) (iv) relatively less 

worked forest (both in terms of Forestry operations and repeated cuttings by local people to 

meet fuel wood demand) (v) patches of different plant densities and age classes for better 

sampling. A brief description of these sites is presented below.  

Dhrub  

This is a plantation site of Forest Dept. and is relatively protected one. Different parts of the 

site have quite a varying density of P. juliflora plants mainly due to certain degree of 

woodcutting in the past. The under-shrub layer in most part of the site is quite dense. There 

were sufficient signs of recent cutting of woods in the entire site.  

Jatavira 

This is a completely protected plantation site of Forest Dept. where P. juliflora plants are 

found in the rows of fixed distance. There were hardly any sign of recent woodcutting in the 

site and most of the plants are matured ones. Also, under-shrub layer is almost absent. The 

site represents a typical tree plantation site.  Therefore, in general the site has almost uniform 

plant density. 

Banni 

Banni is a notified Protected Forest but its administration is hanging between Forest and 

Revenue Dept. It does not have any private ownership. But, at many places villagers fenced 

some area on their own and managed it as their own property. During last 2-3 years, Prosopis 

juliflora thickets all over the Banni were ruthlessly harvested and converted into charcoal, 

leaving patches of Prosopis juliflora thickets only in limited places and that too under some 

private control. This study site is one such site which still had good density of Prosopis 

juliflora under private control. The plant density is medium with limited under-shrub cover.  

Varnu 

This P. juliflora plantation site is under the control of Forest Dept.  It has many signs of wood 

cutting. Thus, the under-shrub layer is also thick. The site is situated in the fringe areas Litte 

Rann of Kachchh and is thus influenced by salinity. In administrative terms, the area had dual 

ownership. The site falls within the jurisdiction of Kachchh East forest division. However, 

the same area is notified under Wild Ass Sanctuary.  
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A summary of these identified sites is presented in Table 2.1. 

Table 2.1: Description of Study Sites 

Zone Name of Site Forest Division Approx. GPS  

Banni2 Bhirandiyara village in Bhuj Taluka Kachchh 

(East) 

23038’39.84” N 

69041’09.93” E 

Power Patti Jatavira village in Nakhatrana Taluka Kachchh 

(West) 

22028’40.8” N 

69015’38.6” E 

Coastal Area Dhrub village in Mundra Taluka Kachchh 

(East) 

22048’21.7” N 

69040’31.8” E 

Little Rann of 

Kachchh (LRK)  

Varnu village in Rapar Taluka Kachchh 

(East) 

23027’52.05” N 

71002’06.36” E 

2.2.2 Plant Availability Assessment 

As discussed above, each of the sub-regions and thus identified sites are quite different in 

terms of their soil and vegetation characteristics. Assumingly, this resulted into variation in 

availability of plants of P. juliflora across and within each of the sites.  Thus, in each site 

density of P. juliflora trees was determined. For this purpose, in each site, replicates sampling 

plots of 10m X 10m size were randomly placed. The number of sample plots varies from 2 to 

5 depending upon the apparent variations in the soil and, the density of P. juliflora and 

cutting pressure on those plants. Thus, while five plots were sampled in Dhrub, only two 

sample plots were considered in Banni. In Jatavira and Varnu sites, however, three replicates 

were sampled. Thus in the four study sites a total of 13 sample plots were enumerated for 

plant and stem density as well as their age. It is important to note that being a plantation, each 

site has plants of P. juliflora in different density and physiognomic forms (shrubs as well as 

trees). 

Within each sampling plot all the plants of P. juliflora were enumerated, separately. During 

enumerations, girth at breast height (GBH) of all the main stems of each plant was recorded. 

All the stems that were branched below the breast height (i.e. ~ 1.4 meter) were considered as 

‘main stems’. Information regarding cut were also recorded for each of the main stem. 

2.2.3 Biomass Assessment 

Understandably, both biomass and wood quality are important parameters for charcoal 

conversion. Therefore, assessment of biomass of P. juliflora was planned to measure 

variations in total biomass of each plant. Attempt was also made to assess variations in wood 

quality of each plant within and across the sites. 

In each site, biomass assessment was made only in the two sample plots - one with the high 

plant density and other with low density. From each of the selected sample plots, adequate 

numbers of P. juliflora plants were harvested. The number of plants to be harvested was 

 
2 In last 3-4 years, due to extensive charcoal making from P. juliflora wood, most of the old thickets of P. 

julilfora were almost vanished from the Banni. 
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decided by the traditional charcoal makers and mostly governed by the amount of wood they 

require for running a ‘bhatti’ for charcoal experiment (see below for detail). Thus the number 

of trees to be harvested is purely a decision of charcoal makers based on their charcoal 

making experience. However, care was taken to harvest plants representing different age as 

indicated by girth and height of main stems. The detail of harvested plants in each site is 

given in Table 2.2. 

Table 2.2: No. of harvested trees in each site 

Site Number of Harvested Trees 

First Sample Plot Second Sample Plot 

Dhrub 8 7 

Jatavira 6 6 

Banni 6 4 

Varnu 9 9 

Total 55 

For total biomass assessment of each harvested plants, both above- and belowground biomass 

were measured. It is important to mention here that charcoal making requires woods of 

certain quality (i.e. length & girth). Thus out of total biomass of a tree only certain 

proportions of this biomass are ‘usable’. The local charcoal makers did the separation of 

usable and non-usable stems (and thus the biomass). Thus, in the present study context, while 

‘usable’ stems (biomass) were enumerated in detail, non-usable stems (biomass) were 

measured only for their total fresh weight3. In case of ‘usable’ stems, the fresh weight, the 

length and average girth of each harvested stem were recorded. In case of belowground parts, 

the ‘usable’ parts of each harvested plant were dug out and measured for their fresh weight. 

2.2.4 Charcoal Conversion 
Experiment 

In each site, the harvested usable woods of 

each plot were separately transported to the site 

of charcoal making. These sites are normally 

chosen away from the sample site. Later, the 

harvested usable woods were subjected to their 

charcoal conversion using customary pyrolysis 

method (See Box 2). For each sample plot, 

separate charcoal making experiments were 

conducted by utilizing usable ‘biomass’ of all 

the harvested trees. Thus, as part of this study a 

total of eight charcoal making experiments 

were undertaken.  

 
3 The non-usable biomass was measured only for Jatavira and Banni sites. 

Box 2 

Charcoal Making- Traditional Method 

Before processing, wood is first sorted into more or 

less similar diameter trunks/branches. These pieces 

of wood are stacked and after that moistened 

slightly. Then the stack is covered with soil. This 

arrangement looks like an earthen mound. Once the 

process is completed this earthen kiln is fired. The 

stack burns very slowly for several days. The 

burning depends on size and condition of stack and 

site. Consequently 3-8 days are required to complete 

the process. The stack is then opened, and the 

charcoal is removed and allowed to cool. The 

chopped trunk is the source of better coal. The roots 

and the branches produce lesser quality coal. Finally 

it is graded and bagged up for sale. Enquiry with the 

local coal makers and traders revealed that this 

indigenous way is the best coal making technique. 

The coal produced by Prosopis juliflora in such a 

way in Kutch is of the highest quality.   

(Source: Prayas, Undated) 
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Before feeding the harvested P. juliflora wood to charcoal kiln, all the stems were sorted as 

per their girth. Thus all the stems were grouped into five girth categories. Finally, for each 

girth category, total number of stems and their total fresh weight were recorded. Similarly, in 

case of belowground woods, total fresh weight was recorded. With this, for each charcoal 

kiln experiment, total input of wood biomass gets accounted. The setting up of wood stack in 

each kiln and the entire process of wood conversion was organized and monitored by 

charcoal makers hired from the nearby village for the entire study period. After the woods get 

converted into charcoal, the charcoal makers open the kiln and separate the charcoals. 

Finally, the weights of manufactured charcoal were measured. Weights were measured 

separately for completely formed wood charcoals, partially burned wood charcoal and wood 

charcoal in dust form.  

Assumingly, conversion of wood into charcoal is influenced by the moisture contents in the 

wood. Thus, it is important to measure the moisture content in the woods of different 

segments of the plant (e.g. above and belowground parts). For this, wood samples were 

collected from each site. A total of 27 wood samples from the three sites had been collected 

and analyzed for their moisture content in the laboratory. The moisture content were 

estimated by drying the fresh wood in oven at 40oC temperature.  

2.2.5 Soil sampling & analysis 

In order to measure soil carbon status, soil samples were collected from each study sites. Soil 

samples were collected from within P. juliflora infested wood sample plots. For comparison 

purpose, soil samples were also collected from the areas just outside the P. juliflora infested 

site. The soil samples were collected from about 30 cm below the surface. The collected 

samples were properly labelled and preserved for their physico-chemical analysis. A total of 

40 soil samples were collected from four sites. Soil samples were tested for parameters like 

pH, Electrical Conductivity, texture (sand, silt and clay composition), inorganic carbon 

(CaCO3), organic carbon and total nitrogen, using appropriate laboratory techniques and 

methods.  

The entire sampling approach is diagrammatically represented in Figure 2.1. 
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2.3 Socio-economic assessment 

Socio-economic issues related with the charcoal production were explored through household 

surveys of charcoal makers. For this purpose, two villages located near the study sites were 

randomly selected. In each village adequate numbers of households were interviewed using a 

structured questionnaire. The questionnaire was prepared to cover issues related with 

ecological and economical sustainability of P. juliflora in the context of Kachchh district. 

The questionnaire is presented in Annexure 1. 

2.4 Data Analysis 

All the data collected during the study was computerized using MS Excess. The descriptive 

analysis and other statistical treatments of the data were carried out using SPSS-PC software. 

 

 

(iv) Later, out of all sample plots, two are 

selected (with dark border) for following 

additional measures:  

1. Collect three soil samples 

2. Harvesting of selected plants 

3. Biomass estimate of harvested plants 

4. Collect wood samples from harvested 

plants 

 

(iii) Initially in all the sample 

plots  following are done: 

1. Measure plant density & GBH 

2. Collect one soil sample 

 

(v) Area outside study site 

1. Transportation and sorting of harvested woods 

2. Charcoal making from harvested wood  

3. Collect 3 soil samples 

 

 

(i) Select a study site 

 

 (ii) In each study 

site, square sample 

plots of 10m  x 10m 

were laid 

 

Figure 2.1: Diagrammatic representation of sampling approach 
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3. Review of Literature  

3.1 Spread of Prosopis juliflora 

Prosopis (commonly called as Mesquite) is a genus of trees and shrubs in the legume family 

(Leguminosae, sub-family Mimosoideae), which occurs naturally in arid and semiarid areas 

of North and South America, Northern Africa and some parts of Asia.  They are mostly 

thorny and have thick pods (from long and yellow to short and black), which never split 

naturally, either on the tree or once fallen. The last complete taxonomy of the genus by 

Burkart (1976) described 44 species and numerous varieties, divided into five distinct 

sections.  

Prosopis can survive on inhospitable sites where little else can grow, tolerating some of the 

hottest temperatures ever recorded, and on poor, even very saline or alkaline soils. Because 

they are nitrogen-fixing trees, Prosopis have also been noted to improve the fertility and 

physical characters of soils in which they grow. They are deep-rooted, allowing trees to reach 

water tables and grow and fruit even in the driest of years providing an invaluable buffer 

during droughts. Many species appear to require access to a water table to survive, and some 

people believe they are responsible for the depletion of ground water reserves. 

In other areas Prosopis are introduced by human being. The Prosopis are extensively planted 

as fast-growing and drought tolerant fuel and fodder trees, but in many countries they have 

also spread out of control as invasive weeds (Fig. 3.1). Some of the highly undesirable 

Prosopis species include Prosopis alba, P. juliflora (=P. chilensis), P. nigra, P. ruschifolia, 

P. stephaniana and P. tamarugo. The first records of Prosopis introduction are those to West 

Africa and Pacific islands in or before the 1820s, to India and Pakistan in the 1870s, and to 

Australia and South Africa before 1900. There have been, however, many other unrecorded 

introductions before and since, evident by the fact that Prosopis is now found in dry regions 

of most African and Asian countries. For a full history of Prosopis introductions, see 

Pasiecznik et al (2001). 

In the dry tropics, of all introduced Prosopis, only P. juliflora and P. pallida perform well, 

consistently and significantly better than all other species. Both are now naturalized wherever 

they have been introduced and are by far the most common Prosopis species in tropical desert 

regions. Trials show, however, that P. pallida is generally faster growing, more erect in habit 

and less thorny than P. juliflora. In sub-tropical and Mediterranean zones world-wide, several 

frost tolerant species, notably P. glandulosa and P. velutina from North America, and P. alba 

and P. chilensis from South America have exhibited good growth and survival, though only 
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the North American species appear to have escaped from cultivation. Several other species 

have shown promise, and other potentially useful species remain untested. 

 

3.2 Factors for spread of Prosopis 

In its natural range, during the Holocene period, Prosopis is said to have evolved with the 

megafauna in the New World (Moony et al. 1977), many of which were extinct by the end of 

Pleistocene (Martin 1967). With the extinction of these species, the seed dispersal was 

severely restricted until the advent of domesticated livestock. When growing in their native 

ranges, Prosopis species tend to be controlled by a number of indigenous insects and 

diseases. For example, bruchid beetles attack the seed of P. alba, P. chilensis and P. 

tamarugo, whereas a fungus can badly damage P. cinerea. Once transported to a suitable 

habitat in a new range by human efforts, however, the plants are free of natural predators and 

tend to spread prolifically. 

Prosopis has numerous eco-physiological adaptations, which make it an aggressive invader 

of grasslands and savannas. Prosopis seeds are potentially long-lived in the soil (Tschirley & 

Martin, 1960), which can germinate and grow well on a wide range of soil types having a 

variety of physical and chemical properties including highly saline or alkaline soils (Ueckert 

et al., 1979) and moisture regimes (Scifres & Brock 1971). After germination, their seedlings 

quickly develop a deep taproot, which enable them to effectively access soil moisture at 

depths not effectively used by grasses (Brown and Archer, 1990). There are reports of 

penetration of roots up to 60 feet underground. During seed germination, a substantial 

proportion of the carbohydrate in the embryo is devoted to root system development 

(Mooney et al 1977) and thus record less developed stems and leaves at the early years. As a 

Figure 3.1: Approximate native and present distribution of the genus Prosopis.  

(Black Area - approximate natural distribution (at 1500); Grey Area - Approximate spread of 

introduced Prosopis species by the year 2000. (Source: Pasiecznik et. al. 2004) 
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result of this resource partitioning, Prosopis seedling can quickly be establish in the 

grasslands.  Seedlings are capable of vegetative regeneration within a week of germination 

(Scifres and Hahn, 1971), can survive repeated cutting or shoot removal for several years 

(Weltzin, 1990) and can even survive very hot fires (Wright et al. 1976). The herbaceous 

biomass affects germination and establishment of mesquite (Bush and Van Auken 1990). 

Archer (1995) recorded that high mesquite seedling establishment are related to the periods 

of drought or overgrazing when competing plant cover and vigour are reduced. 

Unlike many legumes, mesquite pods do not split open at maturity and, therefore, seeds 

remain within the pods. The livestock and many wildlife species consume these pods for their 

high sugar content and disperse the seeds (Fisher et al., 1959, Mooney et al 1977). Livestock 

are more effective agents of Prosopis seed dispersal than the wild fauna (Brown and Archer, 

1987). Livestock (mainly cattle, camels, sheep etc.) normally consume these pods. A high 

proportion of seeds escape mastication and are scarified in the digestive tract, improving their 

germination rate two to three fold relative to non-ingested seeds (Mooney et al, 1977).  Cattle 

may defecate as many as 14 times in a 24 hours period (Weeda 1967). Thus substantial 

portions of landscapes can be impacted by dung, depending upon the number of animals and 

their temporal and spatial patterns of movements.  

After its establishment, Prosopis plants initiate a chain of events by altering the soil and 

microclimate. With the development of Prosopis clusters, the soil nutrient level increase and 

light levels and high temperature extremes decrease. This gradual transformation from ‘high 

light-low nutrient’ to ‘low light-high nutrient’ condition ultimately drives succession from 

grassland to woodland, with a mix of species (Archer, 1995)4. One of the major impacts of 

invasion of mesquite in water scarce arid and semi-arid regions is the change in water 

balance. In North Texas, one mature plant of mesquite was found to use up to 20 gallons of 

water per day during ideal mid-summer growing conditions (Ansley et al. 1991).  

3.3 Distribution of Prosopis juliflora in India 

The history of the first introduction of Prosopis juliflora into India is about 130 years old. 

Introduction of the species was first seriously attempted in 1870. Owing to its fast growth and 

drought hardiness, the species has since been introduced in many other parts of India from the 

north-west to extreme southern parts. The species proved its potential as a versatile plantation 

forestry species from the very first introduction and has been grown in highly saline areas, 

alkaline soils, coastal areas, sand dunes of the Thar desert, in ravines of many north, central 

and south Indian rivers, and in dry and degraded grasslands. 

 

 
4 In case of highly saline areas like Banni, however, it can be assumed that due to high soil salinity, the process 

of succession is restricted and thus almost pure patches of Prosopis thickets are formed in the grasslands. 
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P. juliflora has become an acclimatized exotic in large parts of arid and semi-arid tropical 

India (Figure 3.2). It is found 

especially in areas with 150-750 

mm mean annual rainfall and 

maximum shade temperatures of 

40-45oC. From north-west to 

south, the species is distributed 

from the States of Punjab to 

Tamil Nadu, and in an eastwest 

direction, it is found from 

Kachchh region of Gujarat State 

to drier parts of Orissa. The 

States where it mainly occurs are: 

Andhra Pradesh, Delhi, Haryana, 

Karnataka, Madhya Pradesh, 

Maharashtra, Punjab, Rajasthan, 

Tamil Nadu and Uttar Pradesh. 

The domain of the species in arid 

and semi-arid tropical regions is 

mostly in plains and valleys but 

in many places it grows at altitudes of up to 1200 m above mean sea level. 

P. juliflora is capable of growing in a wide variety of soils and situations. It is, however, 

generally not found in frost prone areas, the Himalayan region or in warm humid tracts such 

as the north eastern region, West Bengal and Kerala. However, in Kerala, and also in Bihar 

and Orissa, farmers use the species as a live fence around fields and farms. The most 

abundant distribution of this species is found in the Kachchh region of Gujarat, the arid 

western part of Rajasthan, western and south-central parts of UP, the western part of 

Haryana, and in a few pockets of extreme north Andhra Pradesh. In its entire range of 

distribution, thickets of the species are found here and there in a variety of habitats and 

settings. Block plantations of the species are very few but the species is planted 

systematically along road sides, railway lines, canal banks, village pond sides, village 

common lands and farm boundaries. Viability of P. juliflora seeds is usually above 85-90% 

for 2 to 3 years at room temperature in arid and semi-arid regions of India. Therefore, two-

year-old, properly stored seeds can safely be used. 

In addition to P. juliflora, a few other exotic Prosopis species, mainly of Latin American 

origin, P. alba, P. chilensis, P. glandulosa, P. flexuosa, P. nigra, and P. pallida have also 

been introduced into India. It is beyond doubt that, today, P. juliflora is one of the the most 

widely distributed woody species in India. Besides the introduced P. juliflora, the most 

 

Fig. 3.2: Distribution of 

P. juliflora in India 
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commonly occurring Prosopis species is P. cineraria, which is indigenous to Indian sub-

continent. 

3.4 Prosopis juliflora - Livelihood Linkages 

Pasiecznik et al (2001) and Pasiecznik (1999) provide a comprehensive account of the 

generic uses of P. juliflora. Prosopis plays a leading role in the afforestation of arid lands. 

Their capability of growing on degraded land under arid conditions has made them especially 

suitable for this purpose. Being a multipurpose tree, Prosopis fits very well into dryland 

agroforestry systems, controlling soil erosion, stabilizing sand dunes, improving soil fertility, 

reducing soil salinity, providing fuel energy resources, supplying feed and forage for grazing 

animals, furnishing construction timber and furniture wood, supplementing food for humans, 

and promoting honey production. 

Fast-growing, drought resistant, and with remarkable coppicing power, P. juliflora is a 

natural fuel wood candidate. P. juliflora produces good quality fuel of high calorific value, 

which burns well even when freshly cut. Because of its superior quality, it is considered to be 

one of the best charcoals (Vimal and Tyagi, 1986). Goel and Behl (1992) stated that the good 

heat of combustion of P. juliflora wood is due to its high carbon content and high levels of 

lignin. The wood has a high calorific value, estimated at 4216 kcal/ kg by Khan et al (1986), 

although 4800 kcal/kg is often quoted (e.g. NAS 1980). Moisture and ash content of one year 

old P. juliflora were estimated at 39% and 2.2% respectively (Goel 1987). Khan et al (1986) 

found calorific values to be high even after one year’s growth and to gradually increase until 

13 years of age. With specific gravity 0.70 or higher, the wood has been termed "wooden 

anthracite", because of its high heat content, burning slowly and evenly and holding heat 

well. P. juliflora wood burns evenly and hot. It also produces high quality charcoal and its 

heartwood is strong and durable. The biomass charcoal is one important source of energy 

(Box 3). 

  

Box- 3 

Biomass Charcoal 

Charcoal is made from ligno-cellulosics materials such as wood and other woody biomass wastes through a 

process called "carbonization". Wood is heated in a closed entity with very limited air (oxygen) to 

decompose it into a variety of substances, the important one being charcoal. Charcoal is a black porous solid 

substance consisting mainly of elemental carbon (FAO, 1985). Foley (1986) reports that charcoal can be 

made from organic materials such as wood, straw, coconut shells, rice husks, and bones. Wood, however, is 

the most common and best yielding raw material. He points out that charcoal made out of hardwoods yield a 

dense charcoal which burns cleanly and slowly. Charcoal made from softwoods tends to be light and 

porous, burns too quickly and is thus prone to breakage during transport. Properties such as fixed carbon, 

volatile matter, moisture and ash contents decide the suitability of charcoal for different purposes. For 

example, charcoal for industrial or metallurgical use should have a fixed carbon content of 85-90%. 

Charcoal with fixed carbon content of 65-75% and volatile matter of 20-30% is usually used for cooking, 

and general applications (Foley, 1986).  

Source: FAO (1993) 
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Its branches are widely used as fencing posts, while its pods which are high in protein and 

sugars may be important fodder for livestock, and / or food for humans. However, the pods 

have been reported to result in facial contortions, impacted rumen and constipation among 

livestock. These ill effects may sometimes result in death. P. juliflora has also been used to 

shelter agricultural crops from wind and to reduce the movement of soil and sand. Its leaves 

contain various chemicals known to affect palatability to livestock, but also suppress the 

germination and growth of crops, weeds and other trees. 

3.5 Carbon sequestration in Dryland Soil 

The process of carbon sequestration into soils forms part of the global carbon cycle. 

Movement of carbon between the soil and the above ground environment is bidirectional and 

consequently carbon storage in soils reflects the balance between the opposing processes of 

accumulation and loss. This reservoir of soil carbon is truly dynamic, not only is carbon 

continually entering and leaving the soil, the soil carbon itself is partitioned between several 

pools, the residence times of which span several orders of magnitude. Schnitzer (1991) and 

FAO (2001) provide detailed descriptions and analysis of soil carbon and organic matter. 

Farage et al (2003) presents a detailed review of biophysical aspects of carbon sequestration 

in drylands. However, defining carbon sequestrations is complex (Box 4) 

Accordingly, while organic carbon is the main feature in the soil, not all soil carbon is 

associated with organic material, there is 

also an inorganic carbon component in 

soils. This is of particular relevance to 

drylands because calcification and 

formation of secondary carbonates is an 

important process in arid and semi-arid 

regions. Consequently the largest 

accumulations of carbonate occur in the 

soils of arid and semi-arid areas (Batjes 

& Sombroek, 1997). The quantity of 

carbon stored in soils is highly 

significant; soils contain approximately 

three times more carbon than vegetation 

and twice as much as that which is 

present in the atmosphere (Batjes & Sombroek, 1997). Simply, the net carbon accumulation 

in soil can be represented as follows: 

Net carbon accumulation = carbon input - carbon output 

Box 4 

What is Carbon Sequestration? 
Carbon sequestration refers to the storage of carbon in a 

stable solid form. It occurs through direct and indirect 

fixation of atmospheric CO2. Direct soil carbon 

sequestration occurs by inorganic chemical reactions 

that convert CO2 into soil inorganic carbon compounds 

such as calcium and magnesium carbonates. Direct 

plant carbon sequestration occurs as plants 

photosynthesize atmospheric CO2 into plant biomass. 

Subsequently, some of this plant biomass is indirectly 

sequestered as soil organic carbon (SOC) during 

decomposition processes. The amount of carbon 

sequestered at a site reflects the long-term balance 

between carbon uptake and release mechanisms. Many 

agronomic, forestry, and conservation practices, 

including best management practices, lead to a 

beneficial net gain in carbon fixation in soil. 
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Many of the factors determining carbon input and output are influenced, intentionally or 

unintentionally, by land management practices. Thus to promote carbon sequestration human 

activity needs to maximize the inputs and minimize the outputs. 

Dryland environments are characterized by a unique set of features and these will impact on 

particular aspects of carbon sequestration. By definition, lack of water is the key aspect, and 

this is accompanied in many dryland regions by the occurrence of higher temperatures at 

some time in the diurnal or annual cycle. The deficiency of water in drylands severely 

constrains plant productivity that provides the ultimate source of soil carbon. Additionally, 

the size of soil organic matter pools in natural ecosystems decreases exponentially with 

temperature (Lal, 2002a) and consequently most dryland soils contain less than 1%, and 

frequently less than 0.5%, carbon (Lal, 2002b). In addition to above, drylands are particularly 

prone to degradation and desertification and thus loosing its ability to store carbon. However, 

there are some positive aspects relating to carbon storage in dryland soils. Drier soil per se is 

less likely to lose carbon (Glenn et al, 1993) and consequently the residence time of carbon in 

dryland soils is much longer than, for example, forest soils (Gifford et al, 1992). 

In spite of the generally low carbon content of dryland soils, the fact that dryland cover 

approximately 40% of the global land area (FAO, 2000), together with the fact that many of 

these soils have been degraded, means that dry lands may well have the greatest potential to 

sequester carbon (Scurlock & Hall, 1998; Rosenberg et al, 1999). 
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4. Biomass Related Assessment 

4.1 Plant Availability 

4.1.1 Plant and Stem Density 

The plant enumeration data clearly suggests the variation in the number of trees and ‘main 

stems’ within and across the four sites (Table 4.1). Accordingly, while study site like Jatavira 

recorded lowest average tree density (1633 plants per ha), the highest number of plant density 

was enumerated in Varnu (4500 plants per ha). Interestingly, among all the sites average 

number of main stems per plant is highest in Jatavira. As a matter of fact, the data from 13 

study plots recorded a strong negative correlation (r=-0.709) between the number of trees and 

average number of main stems per plant in each sampling area. It is important to mention 

here that among all the sites, the Jatavira is best protected and thus have very little 

anthropogenic pressure (in terms of wood cutting). This seems to have significant effect on 

number of main stems each plant possesses. At the same time it is not appropriate to 

generalize that in case of P.  juliflora lower the wood cutting pressure resulted into higher 

number of main stems.  

Table 4.1: Tree and Stem Density in each Study site 

  Site 
Plot 

No. 

No. of Plant 

Enumerated 

No. of  Main 

Stems 

Enumerated 

Avg. 

Number of 

Stems per 

Plant 

Plant 

Density 

(No./ha) 

Stem 

Density  

(No./ ha) 

Banni     1 20 155 7.75 2000 15500 

Banni     2 25 282 11.28 2500 28200 

Avg. Banni  23 219 9.52 2250 21850 

Dhrub     1 29 111 3.83 2900 11100 

Dhrub     2 34 140 4.12 3400 14000 

Dhrub     3 24 193 8.04 2400 19300 

Dhrub     4 22 146 6.64 2200 14600 

Dhrub     5 36 189 5.25 3600 18900 

Avg. Dhrub  29 156 5.75 2900 15580 

Jatavira  1 19 224 11.79 1900 22400 

Jatavira  2 13 204 15.69 1300 20400 

Jatavira  3 17 245 14.41 1700 24500 

Avg. Jatavira  16 224 13.96 1633 22433 

Varnu     1 35 201 5.74 3500 20100 

Varnu     2 64 252 3.94 6400 25200 

Varnu     3 36 235 6.53 3600 23500 

Avg. Varnu  45 229 5.40 4500 22933 
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4.1.2 Age Distribution (Girth Analysis) 

Other than density of plants, the age of each plant and associated stems are equally important 

for determining the potential for charcoal making. Age of the plant is indirectly reflected 

through girth of the main stems. Thus, distribution of girth of enumerated stems was analyzed 

for both at the level of sample plots and study sites (Table 4.2). Study sites, being plantation 

and also being subjected to repeated cuttings, predominantly recorded stems of smaller girth 

sizes. The highest stem girth in Banni was 50 cm, the same was 44cm in Dhrub, 33cm in 

Jatavira and 38cm in Varnu. In all the sites and also in all the sample plots, the proportions of 

stems in higher girth classes were substantially low (Table 4.2, Fig. 4.1).  

Table  4.2: Proportional (%) distribution of stems of different girth classes in different sites  

Site Sample 

Plot No. 

No. of Main Stems 

Enumerated 

Girth Classes 

1 2 3 4 

Banni 

1 155 52.9 43.2 3.2 0.6 

2 282 59.2 32.6 6.4 1.8 

Overall 437 57.0 36.4 5.3 1.4 

Dhrub 

1 111 33.3 54.1 8.1 4.5 

2 140 46.4 47.1 6.4 0.0 

3 193 39.4 50.3 6.2 4.1 

4 146 57.5 39.0 3.4 0.0 

5 189 50.8 41.8 5.8 1.6 

Overall 779 46.0 46.0 5.9 2.1 

Jatavira 

1 224 71.0 27.2 1.8 0.0 

2 204 70.6 25.0 3.4 1.0 

3 245 70.2 26.1 3.7 0.0 

Overall 673 70.6 26.2 3.0 0.3 

Varnu 

1 201 52.2 40.8 6.5 0.5 

2 252 52.8 39.3 6.3 1.6 

3 235 58.3 40.4 1.3 0.0 

Overall 688 54.5 40.1 4.7 0.7 

Girth Class 1 is <= 10 cm girth; 2 is 10.1 to 20 cm,  3 is 20.1 to 30 cm, 4 is above 30 cm girth  
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4.1.3 Existing Wood Cutting Pressure 

The stem enumeration of all the sites reveals that out of total 2577 main stems enumerated 

358 stems were found cut. Thus, approximately 14% of the total main stems were found cut. 

However, the frequencies of cut stems were widely varying across the sites (Table 4.3). As 

discussed earlier, Jatavira is better protected site and thus have recorded least pressure of 

stem cutting. Interestingly, except in Jatavira, average girth of cut stems are significantly 

higher than that of non-cut stems, as indicated by higher F-values. Further, girth class wise 

analysis clearly suggest the significantly higher percentage of cut stems from higher girth 

classes compared to lower girth classes (Table 4.4). The high chi-square value suggests that 

the cutting behaviour is significantly controlled by the girth size. The cutting of stems of 

relatively higher girth classes is on the expected line.  

Table 4.3: Details of cut stems in different sites 

Site Total 

Stems 

Cut 

Stems 

% Cut Avg. Girth of 

cut stems 

(in cm.) 

Avg. Girth of 

non-cut stems 

(in cm.) 

F value 

Banni 437 71 16.2 16.9 9.5 90.08*  

Dhrub 779 169 21.7 15.8 11.3 73.18*  

Jatavira 673 27 4.0 6.3 9.1 9.45* 

Varnu 688 91 13.2 13.1 11.0 13.34* 

All Sites 2577 358 13.9 14.5 10.3 175.5* 

*= significance level less than 0.001 

 

Table 4.4: Chi Square  analysis of cut stems 

Girth 

class 

Total  

Stem 

Total Uncut 

Stem 

Total Cut 

Stem 

% Cut Chi-Square  

Value 

1 1457 1338 119 8.17 

135.1* 
2 970 787 183 18.87 

3 121 80 41 33.88 

4 29 14 15 51.72 

All 2577 2219 358 13.89  

*= significance level 0.000 

4.2 Biomass Availability 

For the purpose of assessing the availability of wood biomass a total of 55 trees of different 

age classes were harvested. As described in methodology (see Chapter 2), to account the 

variability in soil and other factors, trees were harvested separately from two sample plots in 

each site. Both above ground biomass (AGB) and below ground biomass (BGB) were 

separately measured for each harvested plant.  

In two of the four sites (viz. Jatavira and Banni), the AGB were measured in two terms (i) the 

‘usable’ AGB, i.e. those woods which charcoal makers felt can be used in charcoal making 

purpose and (ii) ‘non-usable’ AGB i.e. those woods which charcoal makers considered not 

suitable for charcoal making purpose (like thin branches etc.). However, in other two sites 
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(viz. Dhrub and Varnu) only ‘usable’ AGB was recorded for each harvested plant. In case of 

Dhrub and Varnu, the ‘non-usable’ AGB were estimated using a regression equation based on 

the data of 22 harvested plants in Jatavira and Banni sites. The regression equation was 

derived using coefficient of variations (CV) of girths of each harvested plant and percentage 

(of total) non-usable AGB. Although the regression does not show a very strong relationship 

(r=0.22) between the CV of girth of each plant (in %) and proportion of non-usable AGB (in 

%), for estimating non-usable AGB in Dhrub and Varnu sites, we still used this equation.  

The equation used for the purpose was: Y = 46.613- 0.232 X, where, Y is percentage of non-

usable AGB and X is CV of stem girths of each harvested plant. 

In all the sites, however, the BGB was measured only in terms of ‘usable’ BGB i.e. those part 

of the below ground woods of each plant which traditional charcoal makers normally used in 

charcoal making. The charcoal makers further substantiated that in general about 15-20 

percent of total BGB remained left un-harvested.5 It was described by local charcoal makers 

that, beyond a certain depth, manual harvesting of below ground woods may not be 

economically feasible in traditional charcoal making practices. In other words, during this 

study while total BGB was not recorded for each plant, the maximum part of the same was 

accounted as usable BGB.  

Thus, during this study following five categories of biomass related data were recorded: (i) 

usable AGB, (ii) non-usable AGB, (ii) total AGB, (iv) usable BGB and (v) total usable 

biomass.  Site wise details of biomass estimations are presented in Table 4.5. Accordingly, 

harvest of 55 plants in all the sites produced a total of about 3606 kg of biomass (including 

3130 kg of AGB and about 475 kg of BGB). In terms of usable biomass for charcoal making 

purpose, a total of about 2471 kg of biomass was collectively measured from all the four 

sites. Thus, at a gross level, about 68.5% of total biomass was considered usable.   

Table 4.5: Biomass characteristics in different sites 

Site Plot No. of 

Harvested 

Plants 

Total 

AGB 

(Kg) 

 

Usable 

AGB 

(Kg) 

Non-

Usable 

AGB* 

(Kg) 

% 

Non-

usable 

AGB 

Usable 

BGB 

(Kg) 

Total Usable 

Biomass 

(Kg) (5+8) 

1 2 3 4 5 6 7 8 9 

Banni 1 6 448.68 277.68 171.0 38.1 37.68 315.4 

2 4 410.25 275.25 135.0 32.9 76.10 351.4 

Dhrub 1 8 328.96 201.66 127.3 38.7 45.70 247.4 

2 7 327.59 203.19 124.4 38.0 55.55 258.7 

Jatavira 1 6 457.19 319.69 137.5 30.1 72.50 392.2 

2 6 449.51 262.01 187.5 41.7 78.00 340.0 

Varnu 1 9 413.11 269.41 143.7 34.8 40.10 309.5 

2 9 295.30 186.40 108.9 36.9 70.00 256.4 

Total 8 55 3130.59 1995.29 1135.3 36.3 475.63 2470.9 

*= In case of Dhrub and Varnu, non-usable AGB is estimated value 

 
5 Contrary to traditional charcoal making, entire below ground wood are harvested using mechanical harvesters 

like JCBs. Thus, mechanized harvesting of trees like using JCBs, offset the economic factor.  
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Furthermore, in the context of charcoal making, it is also important to assess per plant 

availability of biomass (i.e. average biomass each harvested plant possesses).  This study 

suggests substantial variability in the average per plant biomass possession across the sites. 

Thus, the plants in Banni & Jatavira sites recorded high biomass accumulation compared to 

that in Dhrub and Varnu (Table 4.6). Actually, plants in Banni and Jatavira sites accumulate 

approximately two times more biomass that of Dhrub and Varnu sites6.  Interestingly, in all 

the sites proportion of usable biomass to total biomass ranged between 67 to 69%. Also, the 

contribution of BGB to total biomass in all the sites ranged between 11.7 to 14.2%.  

Table 4.6: Variations in different parameters of biomass availability (in Kg) in different sites 

Site Avg. per 

plant Total 

AGB 

Avg. per 

plant Usable 

AGB 

Avg. per plant 

Non-usable 

AGB 

Avg. per 

plant Usable 

BGB 

Avg. per plant 

Total Usable 

Biomass 

Banni 85.9 55.3 30.6 11.4 66.7 

Dhrub 43.8 27.0 16.8 6.8 33.7 

Jatavira 75.6 48.5 27.1 12.5 61.0 

Varnu 39.4 25.3 14.0 6.1 31.4 

Overall 56.9 36.3 20.6 8.6 44.9 

4.2.1 Biomass vs. Girth  & Length 

The length and girth of harvested stems and their relationship with the wood biomass is one 

of the important aspects of the charcoal making. Thus, to understand this relationship, 

multiple regression analysis was performed separately for stems of different girth categories 

in each of the sites.  In these regression analyses, while biomass (i.e. fresh weight) of each 

stem was used as dependent variable, the length and girth of each stem was used as 

independent variables. The result of the analysis is presented in Table 4.7. Except in the case 

of girth class 1 of Dhrub and Jatavira sites, the relationship in all the girth classes was found 

strongly correlated, as indicated by high R2 values. It suggests that the biomass of stem is 

strongly correlated with the combination of its length and girth (except in Girth Class 1 in 

Jatavira where the girth of the stem was not excluded in the equation) and thus statistically 

predictive. It is important to mention here that these equations are best fit with the stem girths 

that vary between 3cm to 45cm & stem length between 11cm to 255cm. 

 
6 Question emerge from this analysis is why there are variations in per plant biomass accumulation in different 

sites? In nature such variations are common and controlled by combinations of various factors like age and 

density of plants; climatic factors which determine important physiological traits of plants like moisture 

retention capacity of plant; physio-chemical properties of the soil etc.  But, this study does not attempt to 

analyse these factors. 
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Table 4.7: Result of multiple regression analysis 

Site Girth Class N  Predictive Equation R2 

Banni 1 335 Y = 0.005603 L+ 0.0837 G - 0.713 0.715 

Banni 2 187 Y = 0.020290 L + 0.227 G - 3.562 0.763 

Banni 3 36 Y = 0.043520 L + 0.263 G - 5.879 0.785 

Banni  Overall 558 Y = 0.01444 L + 0.208 G - 2.528 0.831 

Dhrub 1 126 Y = 0.004491 L + 0.120 G - 0.985 0.214 

Dhrub 2 141 Y = 0.015660 L + 0.262 G - 3.823 0.722 

Dhrub 3 15 Y = 0.059040 L + 0.543 G - 15.159 0.754 

Dhrub Overall 282 Y = 0.012390 L + 0.263 G - 3.24 0.755 

Jatavira 1 176 Y = 0.0543 L - 0.106 0.115 

Jatavira 2 199 Y = 0.0184 L + 0.373 G - 5.422 0.684 

Jatavira 3 31 Y = 0.0589 L + 0.375 G - 0.851 0.784 

Jatavira Overall 406 Y = 0.0144 L + 0.300 G - 3.757 0.745 

Varnu 1 232 Y = 0.0037 L + 0.0825 G - 0.494 0.411 

Varnu 2 118 Y = 0.0115 L + 0.232 G - 2.827 0.698 

Varnu 3 25 Y = 0.0293 L + 0.292 G - 5.584 0.588 

Varnu  Overall 375 Y = 0.0052 L + 0.234 G - 1.864 0.823 

Girth class: 1=upto 10 cm, 2 = 10.1 to 20 cm, 3 =20.1 to 45 cm  

In Equation, Y – Fresh weight (biomass), L – length of the stem, G  = Girth of the stem 

4.2.2 Wood Volume & Wood Density 

For the purpose of getting better understanding about the biomass, its relationship was also 

tested with another parameter- the wood volume. The wood volume of each harvested stem 

was estimated using the length and girth of the stem. Among the sites, woods of Dhrub 

recorded highest average wood volume (1618 Cu. Cm.) followed by Jatavira (1463 Cu. Cm.) 

and Varnu (1319 Cu. Cm.). The average wood volume was recorded lowest in Banni (Table 

4.8). On overall basis, as expected, almost linear relationship (R2=0.85) was found between 

the stem biomass and wood volume (Fig. 4.2). Further, the relationship was also found very 

strong in all the sites (Fig. 4.3). 
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The wood biomass was also analysed and understood in terms of wood density i.e. biomass 

accumulation in unit volume. Thus it was estimated by dividing total wood biomass of stem 

by total wood volume of the stem and is represented as gm per Cu. Cm. The study reveals 

that within a site, the wood density varies for the woods of different girth classes. Also, the 

same were found varying across the sites. Thus, in general, the highest wood density was 

found in Varnu (1.07 gm/cu. cm) followed by Banni (0.97 gm/cu cm). In comparison to 

these, the wood densities of Dhrub and Jatavira were low (Table 4.8). 

4.3 Charcoal Conversion 

Pasiecznik et al (2001) in their monograph highlighted the value of charcoal in local energy 

needs and also as source of income. They suggested that “Charcoal is consumed mostly in 

urban areas and is often produced considerable distances from the point of consumption. 

Firewood is bulky and expensive to transport, whereas conversion to charcoal reduces the 

weight and increases the value of the product in energy and economic terms. In many remote 

regions, charcoal manufacturing forms an integral part of daily activities and the revenue 

earned often plays a vital role in rural livelihoods. In many areas, the sale of firewood and 

particularly charcoal is the main, or only, source of income for much of the year. Lea (1996) 

estimated that in Haiti, charcoal contributed only 6% towards the nation’s energy 

requirements but the resulting business employed 150000 people in 1991 and generated over 

US$50 million.”  
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Fig. 4.3: Wood Volume and Stem Biomass relationship in different sites 
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Table 4.8: Details of Wood volume and wood density in different sites 

Site 
Girth  

Class 
N 

Avg. Wood Volume   

(Cu Cm) 

Avg. Wood Density  

(gm per Cu Cm)   

Banni 

1 335 430.2 + 10.9 1.00+0.021 

2 187 1358.3 + 50.1 0.92+0.021 

3 31     4180.7 + 335.7 1.03+0.027 

4 5 8179.5 + 1131.4 0.78+0.071 

Overall 558 1019.0 + 54.8 0.97+0.015 

Dhrub 

1 126 672.1 + 26.0 0.81+0.084 

2 141 2003.0 + 82.1 0.89+0.021 

3 15 5938.7 + 480.9 0.90+0.073 

Overall 282 1617.7 + 87.4 0.85+0.039 

Jatavira 

1 176 592.6 + 19.0 0.83+0.089 

2 199 1704.2 + 64.0 0.89+0.031 

3 28 4540.3 + 239.3 1.10+0.057 

4 3 7848.0 + 839.0 1.02+0.078 

Overall 406 1463.3 + 67.6 0.88+0.041 

Varnu 

1 232 527.3 + 21.9 1.15+0.061 

2 118 1855.3 + 94.0 0.95+0.021 

3 23 5654.3 + 385.3 0.91+0.036 

4 2 11574.1 + 313.4 0.56+0.114 

Overall 375 1318.5 + 86.3 1.07+0.039 

In the present context, as described earlier (in Chapter 2), the charcoal conversion experiment 

was performed in two of the selected sample plots in each study site. During experiment two 

important sets of data were recorded: the wood input and charcoal production (output).  

4.3.1 Wood input 

Site wise, fresh weight of all the harvested plants was collected separately for each selected 

experiment plot. The aboveground and belowground wood biomass was measured separately. 

In case of above ground wood, the harvested stems were first grouped in five girth classes 

and then measured the total weight for each girth class, separately. Thus wood input data 

provide a detailed desegregation of different types of wood used for charcoal conversion 

experiment (Table 4.9). Nevertheless, for the experiment purpose, total wood biomass input 

varies from 230 kg to 332 kg. Obviously, the input of above ground wood biomass in all the 

experimental plots was significantly higher than that of below ground biomass. Similarly, 

inputs of wood from lower girth classes were more than that of higher girth classes. 

4.3.2 Charcoal Production (Output) 

As described in above section, a total of eight experiments were set-in to assess the charcoal 

production from P. juliflora wood. The charcoal thus produced from the wood were found 

mainly in three forms – (i) completely converted, usable charcoal, (ii) incompletely burnt 

charcoal and (iii) completely converted but in powder form thus not usable charcoal. While 

these charcoal forms have different values for market, for the purpose of estimation of 

charcoal conversion from wood, all the three forms are relevant.  
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Table 4.9: Details of Inputs of Wood for Charcoal Conversion Experiment 

Plot  

No. 

Input Parameters Weight of Wood (in Kg) 

Banni Dhrub Jatavira Varnu 

 No. of Plants Harvested 6 8 6 9 

First  

Plot 

Above Ground Wood     

Girth Class 1 (upto 10 cm) 71.5 38.4 37.48 39.9 

Girth Class 2 (11 to 20 cm) 119.5 119.6 138.83 71.5 

Girth Class 3 (21 to 30 cm) 37.4 60.8 63.02 103.5 

Girth Class 4 (31 to 40 cm) 0.0 0 30.31 26 

Girth Class 5 (above 40 cm) 10.1 0 0 0 

Total AGW 238.5 218.8 269.6 240.9 

Below Ground Wood 28.6 40.6 48 33.5 

Total Wood Input 267.1 259.4 317.6 274.4 

 No. of Plants Harvested 4 7 6 9 

Second  

Plot 

Above Ground Wood     

Girth Class 1 (upto 10 cm) 64.3 39.6 58.59 57.5 

Girth Class 2 (11 to 20 cm) 86.1 127.6 117.83 97.25 

Girth Class 3 (21 to 30 cm) 84.8 55.7 64.72 16 

Girth Class 4 (31 to 40 cm) 20.7 0 24.61 6.5 

Girth Class 5 (above 40 cm) 5.0 0 0 0 

Total AGW 260.9 222.9 265.8 177.3 

Below Ground Wood 46.1 48.9 66 53 

Total Wood Input 307.0 271.8 331.8 230.3 

The results from these experiments suggest that on an overall basis rate of charcoal 

conversion from P. juliflora wood is almost 26%. However, the rate of conversion varies 

within and across the sites (although the variation within the site is not significant). 

Accordingly, during eight sets of experiments, the charcoal conversion rates were found 

varying between 17.1% and 32.1% (Table 4.10). Among the sites, the average charcoal 

conversion rate is found lowest in Banni (18.83%), followed by Dhrub (25.23%), Varnu 

(29.1%) and Jatavira (30.69%).  The high rate of conversion in Jatavira seems to be slightly 

over estimated mainly due to substantial record of partially burnt charcoal7.  

Table 4.10: Wood inputs and charcoal production in the experiments at different sites 

Site Plot 

No. 

No. of 

Plants 

Harves

-ted 

Weight of Input Woods 

(kg) 

Charcoal Production  

(Kg) 

Charcoal 

Conver-

sion 

Rate (%) 
Above 

Ground 

Below 

Ground 

Total Usable Powder Partial 

Burnt  

Total  

Banni 
1 6 238.50 28.60 267.10 47.70 1.10 6.00 54.80 20.5 

2 4 260.90 46.10 307.00 45.80 2.30 4.50 52.60 17.1 

Dhrub 
1 8 220.80 40.70 261.50 63.09 2.22 0.00 65.31 25.0 

2 7 222.90 48.90 271.80 67.69 1.60 0.00 69.29 25.5 

Jatavira 
1 6 269.64 48.00 317.64 64.24 2.30 35.35 101.89 32.1 

2 6 265.75 66.00 331.75 80.85 2.85 13.50 97.20 29.3 

Varnu 1 9 240.90 33.50 274.40 68.20 2.10 8.00 78.30 28.5 

 
7 Incomplete burning of wood is quite common in traditional charcoal making process. Except in Jatavira, their 

record in other experiment sites were quite low. 
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2 9 177.25 53.00 230.25 64.60 1.20 2.50 68.30 29.7 

Overall 8 55 1896.64 364.80 2261.44 502.17 15.67 69.85 587.69 26.0 

It is understood that the conversion of wood into charcoal is depend upon several factors, 

including the wood characteristics. The moisture content in the wood is one such characters 

of the wood, mainly determined by interactions of plant, soil and climate. In the present 

study, effort has been made to understand relationship (if any) between charcoal conversion 

rate and wood moisture content. For this, wood samples were analysed for their moisture 

content in all the sites, except in Varnu. A total of 27 wood samples were collected from 

main stem, branches and below ground parts and analyzed for their percentage (weight per 

weight, w/w) moisture content (Table 4.11). Clearly, there were differences in moisture 

content in different parts of the wood. Thus, branch woods had highest moisture content 

followed by main stem. Woods of below ground parts had lowest moisture content.  

 Table 4.11: Moisture content of woods in different sites 

# Site Part Sample 

Plot No. 

Moisture 

Content (%) 

Avg. Moisture 

Content (%) 

1 Banni Main Stem Plot 1 32.68 

40.16 2 Banni Main Stem Plot 1 47.12 

3 Banni Main Stem Plot 2 40.64 

4 Banni Branch Plot 1 43.99 

44.03 5 Banni Branch Plot 1 49.22 

6 Banni Branch Plot 2 38.90 

7 Banni Below Ground Part Plot 1 28.01 

29.56 8 Banni Below Ground Part Plot 1 38.40 

9 Banni Below Ground Part Plot 2 22.26 

10 Dhrub Main Stem Plot 2 15.13 

18.88 11 Dhrub Main Stem Plot 3 18.79 

12 Dhrub Main Stem Plot 4 22.72 

13 Dhrub Branch Plot 3 26.75 

20.61 14 Dhrub Branch Plot 2 15.57 

15 Dhrub Branch Plot 4 19.51 

16 Dhrub Below Ground Part Plot 2 10.94 

14.38 17 Dhrub Below Ground Part Plot 3 18.81 

18 Dhrub Below Ground Part Plot 4 13.38 

19 Jatavira Main Stem Plot 3 11.33 

17.48 20 Jatavira Main Stem Plot 3 24.20 

21 Jatavira Main Stem Plot 1 16.91 

22 Jatavira Branch Plot 3 13.97 

17.93 23 Jatavira Branch Plot 3 24.70 

24 Jatavira Branch Plot 1 15.12 

25 Jatavira Below Ground Part Plot 3 18.38 

16.81 26 Jatavira Below Ground Part Plot 3 13.54 

27 Jatavira Below Ground Part Plot 1 18.52 
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Furthermore, among the sites, Banni plants had significantly higher average moisture content 

than the plants from Dhrub and Jatavira sites. Interestingly, the rate of charcoal conversion 

from the wood in these three sites, showed a 

completely reverse trend (Table 4.12). It 

suggests that the higher moisture contents in 

the woods actually affect the charcoal 

conversion rate because during the pyrolysis 

process the moisture content get evaporated 

from the woods. Thus, higher moisture content in Banni, plausibly resulted into higher 

evaporation loss (weight loss) which, resulted into poor charcoal conversion.  

4.4 Charcoal Conversion: Value Chain 

Previous sections of the report reveal substantial variations in different parameters of plant 

density, biomass availability, rate of charcoal conversion and total charcoal production across 

the four study sites in Kachchh. The data were finally extrapolated to estimate the charcoal 

production potential in one hectare area of each site. Following steps were taken for 

extrapolating the values: 

(i) Multiplying average plant density and average per plant biomass to estimate total 

available biomass in one hectare area 

(ii) Multiplying total available biomass and proportion of usable biomass to estimate total 

usable biomass for charcoal purpose in one hectare area 

(iii) Multiplying total usable biomass and rate of charcoal conversion to estimate total 

charcoal production in one hectare area  

The extrapolated charcoal production estimates for all the experiment sites are presented in 

Table 4.13. It is interesting to note that although, among all the sites, Banni had maximum 

available (2.19 lakh kg per ha) and usable biomass (1.5 lakh kg per ha), the total charcoal 

production is less than that of Varnu and Jatavira. The reason can be attributed to poor 

conversion rate which seems to have strong relationship with the wood moisture content. 

Nevertheless this study recorded total charcoal production varies from 24675 kg per hectare 

in Dhrub to 43400 kg per hectare in Varnu (Table 4.13).   

Table  4.13: Estimation of total charcoal production in one hectare area in each study sites 

Site Avg. 

Plant 

Density  

(No. /ha) 

Avg. Per 

plant 

Biomass 

(Kg) 

Total 

Available 

Biomass  

(Kg/ha) 

% 

Usable 

Biomass  

Total 

Usable 

Biomass 

(Kg/ha) 

Avg. 

Charcoal 

conversion 

Rate (%) 

Total 

Charcoal 

Production 

(Kg/ha) 

Banni 2250 97.3 2,18,925 68.55 1,50,073 18.83 28,259 

Dhrub 2900 50.5 1,46,450 66.78 97,799 25.23 24,675 

Jatavira 1633 88.1 1,43,867 69.26 99,642 29.10 28,996 

Varnu 4500 45.5 2,04,750 69.13 1,41,544 30.69 43,440 

Overall 2821 70.0 1,78,498 68.00 1,22,146 26.00 31,712 

Table 4.12: Moisture content & charcoal 

conversion in different sites 

Site Avg. Wood 

Moisture (%) 

Rate of Charcoal 

Conversion (%) 

Banni 37.91 18.83 

Dhrub 17.95 25.23 

Jatavira 17.40 30.69 
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5. Carbon Sequestration 

5.1 Background 

Carbon sequestration refers to the storage of carbon in a stable solid form. It occurs through 

direct and indirect fixation of atmospheric CO2. Direct plant carbon sequestration occurs as 

plants photosynthesize atmospheric CO2 into plant biomass. Subsequently, some of this plant 

biomass is indirectly sequestered in soil as organic carbon (SOC) during decomposition 

processes. The amount of carbon sequestered at a site reflects the long-term balance between 

carbon uptake and release mechanisms. It is understood, many agronomic, forestry and 

conservation practices, lead to a beneficial net gain in carbon fixation in soil. The invasion of 

woody species effectively alters primary production, plant allocations and soil faunal 

communities, affecting nutrient cycling and carbon storage. The two carbon pools most likely 

to change are woody plant biomass and soil organic matter, the dominant pool of carbon and 

nitrogen (Amundson, 2001; Post et al. 1982; Batjes 1996; Neill and Davidson, 2000)  

Soils contain about three times more Carbon than vegetation and twice as much as that 

present in the atmosphere (Batjes 1996). Soils contain much more carbon (1500 Pg of C to 1 

m depth and 2500 Pg of C to 2 m depth; 1 Pg = 1x1015 g) than is contained in vegetation (650 

Pg of C) and twice as much carbon as the atmosphere (750 Pg of C) (USEPA 1995). In 

dryland environments, SOC in the first 100 cm soil amounts to about 4 tonnes/ha (Batjes, 

1999). This is considerably lower than in other environments. Batjes’ estimates for SOC are: 

7–10 tonnes/ha in the tropics; 7–13 tonnes/ha in the subtropics; 11–13 tonnes /ha in temperate 

regions; and 21–24 tonnes/ha in boreal, polar and alpine areas. However, reliable estimates 

on how much carbon could be sequestered under the various management practices and 

farming patterns in dry land regions, are still sparse. Nevertheless, the estimates range from 

0.05 to 0.3 tonnes C/ha/year for croplands and from 0.05 to 0.1 tonnes C/ha/year for 

grasslands and pastures (Lal et al., 1998).  

Forestry is recognized as major sink for Carbon as while this accumulate carbon 

aboveground, it can also make significant contributions to SOC. A number of suitable species 

are available that enable viable afforestation in dryland environments (Srivastava et al., 1993; 

Silver et al., 2000; Kumar et al., 2001; Niles, et al., 2002). In particular, N-fixing trees 

generally lead to increased accumulation of soil carbon. For example, Prosopis and Acacia 

are adapted to subtropical semi-arid lands and are reported to increase the level of soil carbon 

by 2 tonnes/ha (Geesing et al., 2000). 

Some tree varieties are particularly suitable for growing on degraded lands, their deep rooting 

systems tapping resources unavailable to shallow-rooted crops. P. juliflora has been grown 
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on salt-affected soils in northwest India and increased the SOC pool from 10 tonnes/ha to 45 

tonnes/ha in an eight-year period (Garg, 1998). Even where large-scale forestry is not 

appropriate, there is often scope for introducing trees around farmers’ fields. Such is the case 

in semi-arid India where Prosopis cineraria has improved soil fertility as well as sequestering 

extra carbon (Nagarajan and Sundaramoorthy, 2000). Interestingly, Jackson et al. (2002) 

recorded a negative relationship between precipitation and changes in soil organic carbon 

when grasslands were invaded by woody vegetation. This resulted into soil organic carbon 

gains in drier sites while the wetter sites losing it. Losses of soil organic carbon at the wetter 

sites were substantial enough to offset increases in plant biomass carbon, suggesting, trees do 

not guarantee improved carbon sequestration. 

Soils are the largest carbon reservoirs of the terrestrial carbon cycle. Carbon in the form of 

organic matter is a key element to healthy soil8. All the organic carbon found in the soil is 

primarily plant derived and are through two main sources: (i) accumulation of soil organic 

matter due to the humification after plant death and (ii) root exudates and other root-borne 

organic substances released into the rhizosphere during plant growth. It is estimated that the 

build-up of each tonne of soil organic matter removes 3.667 tonnes of CO2 from the 

atmosphere. The conversion of natural habitats to cropland and pasture, and unsustainable 

land practices such as excessive tillage frees carbon from organic matter, releasing it to the 

atmosphere as CO2. Depleted of organic carbon, soils develop a carbon deficit. Soils can 

regain lost carbon by reabsorbing it from the atmosphere. This process is called carbon 

sequestration. 

Worldwide, SOC in the top 1 meter of soil comprises about 3/4 of the earth's terrestrial 

carbon; nevertheless, there is tremendous potential to sequester additional carbon in soil. As a 

matter of fact, improved management of crop, grazing, and forest lands is estimated to 

potentially offset 30,000-60,000 million metric tons of the carbon released by fossil fuel 

combustion over the next 50 years. Long-term field experiments have shown that there is a 

direct linear relationship between the quantity of carbon added to soil as organic matter and 

the amount of carbon accumulated in the soil, other factors remaining constant (Cole et al, 

1993; Duiker & Lal, 1999). However, the dynamics of soil organic matter are complex and 

the factors controlling the flux of carbon will interact uniquely at each site. Soil organic 

carbon varies with depth: usually highest in the topsoil and decrease rapidly with depth. 

Importantly, not all soil carbon is associated with organic matter; there is also an inorganic 

carbon component in soils. This is of particular relevance in arid and semi-arid regions 

because calcification and the formation of secondary carbonates is an important process in 

these soils resulting into large accumulations of carbonate (Batjes and Sombroek, 1997).  

 
8 Existing guidelines (IPPC, 1997) for carbon accounting refer only to the upper 0.30 m. This zone is intended 

to cover the actively changing soil carbon pool. 
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According to Schlesinger (1997) accumulation of calcium carbonate is quite low at 0.0012–

0.006 tonnes/ha. However, Lal et al (1999) believe that the sequestration of secondary 

carbonates can contribute 0.0069–0.2659 Pg C/year in arid and semi-arid lands. Although soil 

inorganic carbon is relatively stable, it will release CO2 if the carbonates become exposed 

through erosion (Lal et al, 1999). In addition, irrigation can cause inorganic carbon to become 

unstable if acidification takes place through inputs of N and sulphur9.  

In the context of present study, carbon sequestration in both biomass and in soil (organic 

carbons) is considered for evaluation in P. juliflora infested study sites.  

5.2 Carbon Sequestration in Soil 

In order to understand organic carbon pool in the soil, a total of 40 soil samples were 

collected from the four study sites and analysed for their basic physio-chemical properties. 

Other than estimation of soil organic carbon (SOC), soil texture, EC, pH, inorganic carbon, 

and total nitrogen were also analysed (see Annexure 2). Importantly, in order to assess the 

role of P. juliflora coverage in accumulation of SOC, samples were collected from both P. 

juliflora shrub lands and nearby lands that have no cover of P. juliflora.  

By considering the two situations, effectively we are trying to get the difference in carbon 

values between an open, degraded grazing land and the lands that are either planted or 

invaded with P. juliflora and thus converted into shrub-lands. In other words, through this 

approach we attempt to understand the soil carbon storage under two different types of 

landuse: (i) P. juliflora shrub-land and (ii) the degraded grazing land. 

The estimation of soil organic carbon in different sites clearly suggests that there are 

significant changes in carbon pool when the open grazing lands are invaded by P. juliflora 

(Table 5.1).  While, the sites like Banni, Dhrub and Varnu recorded an increase in total 

carbon pool, it was opposite in the case of Jatavira.  The higher SOC in P. juliflora shrub land 

compared to open grazing lands highlights the role of P. juliflora in carbon sequestration in 

soil. It is important to mention here that, except Jatavira, all the other three P. juliflora sites 

are regularly used by local people and thus are cut heavily for fuel wood purpose (see Table 

4.3). However, in the case of Jatavira, the site is strictly managed with very little cutting 

pressure. Due to this, while large amount of plant materials are found lying on soil surface in 

the three sites, there is very limited amount of plant material lying on soil surface in Jatavira 

 

9 The release of CO2 through carbonate precipitation is seen as a major problem if irrigation waters are used in 

any system that is trying to store carbon. Furthermore, Schlesinger (2000) has pointed out that the groundwater 

of arid lands often contains up to 1 percent calcium and CO2. This concentration is much higher than that which 

occurs in the atmosphere. Consequently, when these waters are applied to arid lands, CO2 is released to the 

atmosphere and calcium carbonate precipitates. Schlesinger’s calculations suggest that irrigation of some 

cropping systems would yield a net transfer of CO2 from the soil to the atmosphere. 
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sites. In other words, there are the cases of artificial increase in litter accumulation in Banni, 

Dhrub and Varnu sites, while in Jatavira it is not. This could be one of the main reasons of 

not recording any increase in SOC in P. juliflora plantation site at Jatavira.  

It is important to mention  here that although above estimates clearly indicate the enhanced 

carbon storage status in P. juliflora infested land compared to poorly vegetated, open grazing 

lands, yet it is beyond the scope of this study to measure the rate of carbon accumulation in 

the soil (e.g. kg carbon/ha/year). This is mainly due to lack of information about the age of P. 

juliflora stands which is further complicated by its repeated cutting by local communities for 

fuel-wood purpose (or in some cases even for charcoal making). 

Studies conducted elsewhere clearly indicate that P. juliflora trees (and other species of 

Prosopis genus) enrich the soil in terms of carbon. Singh (1996) noted significant increases in 

soil carbon under a P. juliflora plantation after 8 years, with mean soil carbon content 

increasing from 0.12% to 0.58% over 20 years. Aggarwal (1998), however, found no effect 

of P. juliflora on organic matter but reported increases in soil microbial populations under the 

crowns of P. juliflora trees in India. East and Felker (1993), found about 8.3 t/ha higher level 

of soil carbon under the crowns of another species of Prosopis (i.e. P. glandulosa) than in 

open spaces. Geesing et al (2000) also noted a large increase in soil carbon under P. 

glandulosa, estimated to be 35-88 kg C/ha/yr. 

5.3 Carbon Sequestration in Biomass 

In order understand the carbon sequestration in woody biomass of P. juliflora it is 

prerequisite to comprehend about its rate of biomass accumulation and productivity. While 

there is no information on these aspects for the present project sites, a review of earlier works 

in different parts of the country as well as world helped in better understanding on this. 

Actually, the storage amount of carbon in woody biomass depends on the differences in age 

and habitat (Bhimaya et al, 1967), between planted and naturalised stands (Riegelhaupt et al, 

1990), density of the stand (Tewari & Wais, 1996) and productivity. Thus, there is a wide 

range in the estimates of biomass accumulation from different sites. For example, P. juliflora 

biomass yield estimates include 7-20 t/ha/yr in the USA (Felker et al, 1983a); 6-12 t/ha/yr in 

Kenya (Kaarakka & Johansson, 1992), 10-16 m3/ha/yr in Ethiopia (Abebe, 1994) and 11-20 

Table 5.1: Average soil organic Carbon (tons/ha) in Prosopis shrub land & adjacent grazing 

lands  in different sites 

Site Degraded Grazing Lands  

(Outside P. juliflora sample plot) 

P. juliflora Shrub Land  

(Within sample Plot)  

% 

Change 

Banni 6.6 10.3 51.2 

Dhrub 3.4 11.1 218.8 

Jatavira 8.8 7.9 -13.1 

Varnu 0.9 3.7 309.1 

Overall 4.4 7.0 59.1 
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t/ha/yr in India (Chaturvedi & Behl 1996). While these estimates are relatively consistent, 

they are significantly higher than estimated yields from other trials, for example 1.6 t/ha/yr in 

Sudan (Wunder, 1966) and 0.6-1.8 t/ha/yr in India (Singh et al, 1990). Furthermore, when 

calculated over a 5-10 year rotation, as would be expected for fuel-wood harvesting, P. 

juliflora biomass production is generally in the range of 2-8 t/ha/yr, with plant densities of 

400-2500 trees/ha and in mean annual rainfall zones of approximately 400-800 mm 

(Pasiecznik et al, 2001). Individual biomass increment of P. juliflora varies from 4.9 to 8.4 

kg/tree/year in India (Kalla, 1977; Chaturvedi et al., 1988) and about 10 kg/tree/year in 

Pakistan (Khan et al., 1986 ). In Gujarat, it produces about 25 to 30 tons/ha/year at the short 

rotation age of 4 to 5 years (Patel, 1986). 

In the present study, we estimated the carbon sequestration by P. juliflora in two forms: (i) 

those locked-in standing biomass and (ii) those that are added annually due to biomass 

addition (or productivity). Obviously, since there are variations in the density of P. juliflora 

trees in different sites, the carbon sequestration estimates also varies greatly. However, in 

Kachchh district, on an average about 86 tons of Carbon in each hectare of P. juliflora lands 

is sequestered as standing biomass (Table 5.2). It was also estimated that on an average the 

annual productivity (i.e. biomass increment) of P. juliflora land would be about 22.2 tons per 

hectare. That means each hectare of P. juliflora land with a density of about 3000 trees per 

ha, sequestered about 10 tons of Carbon annually. In other words, each hectare of P. juliflora 

lands annually removes about 36.7 tons of Carbon dioxide from the atmosphere.  

Table 5.2: Site wise estimates of carbon sequestration due to Prosopis juliflora stands 

Site Plot Tree 

Density 

(no/ ha) 

Avg. 

Standing 

Biomass 

(kg/tree)  

Total 

Standing 

Biomass 

(t/ha) 

Carbon 

Sequestered 

in Standing 

Biomass 

(t/ha)#   

Annual 

Biomass 

Increment 

(t//ha/yr)*  

Carbon 

Sequestered 

in added 

biomass 

(t/ha/yr)# 

CO2 removed 

from atmosphere 

due to added 

biomass 

(t/ha/yr)$ 

Banni     1 2000 81.1 162.1 73.0 15.00 6.75 24.75 

Banni     2 2500 121.6 304.0 136.8 18.75 8.44 30.94 

Dhrub     1 3400 46.8 159.2 71.7 25.50 11.48 42.08 

Dhrub     2 2200 54.7 120.4 54.2 16.50 7.43 27.23 

Jatavira  1 1900 88.3 167.7 75.5 14.25 6.41 23.51 

Jatavira  2 1700 87.9 149.5 67.3 12.75 5.74 21.04 

Varnu     1 6400 50.4 322.3 145.0 48.00 21.60 79.21 

Varnu     2 3600 40.6 146.1 65.8 27.00 12.15 44.55 

Overall 8 2963 71.4 191.4 86.1 22.22 10.00 36.66 

# In wood, the carbon constitutes about 45% of total biomass (ref…). 

* Annual biomass increment in P. juliflora is about 7.5 kg/tree/year (Kalla, 1971; Khan et al., 1986; Chaturvedi et 

al., 1988). 

$ It is estimated that in order to sequester 1 ton of Carbon in biomass, plant remove 3.667 tons of CO2 from 

atmosphere. 

According to a report published by Space Application Centre, Ahmedabad, about 3478-km2 

area of Kachchh district is covered by P. juliflora (SAC, 2001).  Of these, about 1840 km2 

area is covered only by P. juliflora, while in another 1638 km2 area it is mixed with other 
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species (SAC, 2001).  Thus, with an average of annual 10 tons of Carbon sequestered in 

incremental biomass per hectare of P. juliflora covered area (i.e. 1840 sq km), a total of about 

1.84 million tons of carbon are sequestered every year in the P. juliflora biomass in Kachchh 

district. Furthermore, to sequester the above carbon in biomass, P. juliflora plants remove 

about 6.75 million tons of carbon dioxide from the atmosphere (Table 5.3). In addition to 

this, a total of about 58 million tons of carbon dioxide from atmosphere was also removed to 

get the existing standing biomass of P. juliflora in Kachchh district.  

Table 5.3: Estimate of carbon sequestration in biomass of P. juliflora in entire Kachchh 
Area under P. juliflora  cover in entire Kachchh (sq km) 1840 
Avg. carbon Locked in Standing Biomass (t/ha) 86.1 
Total Carbon Locked in Standing Biomass (million tons) 15.85 
Total CO2 removed from atmosphere towards standing biomass (million tons) 58.12 
Avg. Carbon Sequestered due to annual increment of biomass (t/ha) 10.00 
Total Carbon Sequester annually due to biomass increment (million tons) 1.84 
Total CO2 removed annually from the atmosphere for biomass increment (million tons) 6.75 

Using the figures from soil and biomass, it may be concluded that P. juliflora plantations 

could sequester substantial carbon in vast stretches of Kachchh, with a yet unseen value in the 

emerging global market for ‘carbon credits’. Pasiecznik et al, (2001) suggested that arid 

zones contain the lowest levels of carbon in the world on a per hectare basis, and therefore 

the role of P. juliflora forests in carbon sequestration on a regional and global level is quite 

topical and thus necessary to consider for future. 

5.4 Charcoal making and Carbon release 

While the above estimates highlights the carbon sequestration potential of P. juliflora lands, 

it is equally important to understand that the manufacturing of charcoal from the wood 

biomass of P. juliflora and its burning, ultimately release-back large amount of CO2 to the 

atmosphere and thus contributing to climate change. It is essential, therefore, to assess the 

potential of CO2 release to atmosphere due to conversion of biomass to charcoal. In this study 

we estimated charcoal production potential of different sites ranged between 24675 and 

43400 kg/ha (see Table 4.13). Keeping this in view, we further estimated the amount of total 

carbon release back to atmosphere due to charcoal making and its burning process. This 

estimation is based directly on the amount of total wood removal for charcoal making. 

However, two different scenarios were considered for this estimation: (i) when the entire 

standing biomass is used for charcoal making i.e. similar to existing condition (ii) when only 

annual incremented biomass is used for charcoal making i.e. to move towards sustainable 

biomass harvesting and charcoal making. Importantly, in both the situations, only about 

68.5% of total biomass (standing as well as incremental) is considered useful for traditional 

pyrolysis based charcoal making process10.  In other words, the carbon stored in this ‘usable 

 
10 The proportion of usable and non-usable biomass is derived from the experiments carried out during this 

study and described in Section 4.2. 
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biomass’ is actually released back to atmosphere after burning of charcoal. Remaining 31.5% 

biomass is ‘non-usable’ for charcoal purpose and thus producers normally left these on the 

site. While undergoing through disintegration, carbon stored in this left-over biomass is either 

released to atmosphere or goes back to soil as organic carbon.  Table 5.4 and 5.5 present an 

estimated value of carbon dioxide released back to atmosphere due to harvesting of entire 

standing biomass (i.e. cutting of entire tree) and incremental biomass, respectively. 

Accordingly, in the first situation of charcoal making, CO2 is released back to atmosphere 

with an average rate of about 19 tons per ha (Table 5.4). In the second situation, however, 

CO2 is released back with an average rate of about 2.21 tons per hectare (Table 5.5).   

Table5.4: Estimation of standing biomass and amount of Carbon dioxide Release Back to atmosphere 

Site Plot Total 

Standing 

biomass 

(t/ha) 

% of 

total 

biomass 

used in 

Charcoal 

Usable 

Biomass 

(t/ha) 

Non-

Usable 

Biomass 

i.e. left 

in the 

site 

(t/ha) 

Carbon 

stored 

in 

usable 

biomass 

(t/ha) 

Carbon 

stored 

in non- 

usable 

biomass 

(t/ha) 

CO2 

Release 

Back to 

Atmosphere 

due to 

Charcoal 

burning 

(t/ha) 

CO2 Release 

Back to 

Atmosphere 

due to 

Disintegration 

of Left-over 

Biomass 

(t/ha)
 11

 

Total 

CO2 

Released 

Back to 

Atmosph

ere (t/ha) 

Banni     1 162.1 64.8 105.1 57.0 47.3 25.6 12.9 2.8 15.7 

Banni     2 304.0 72.3 219.6 84.3 98.8 38.0 27.0 4.1 31.1 

Dhrub     1 159.2 66.0 105.1 54.1 47.3 24.3 12.9 2.7 15.6 

Dhrub     2 120.4 67.5 81.3 39.1 36.6 17.6 10.0 1.9 11.9 

Jatavira  1 167.7 74.0 124.2 43.5 55.9 19.6 15.2 2.1 17.4 

Jatavira  2 149.5 64.5 96.3 53.1 43.4 23.9 11.8 2.6 14.4 

Varnu     1 322.3 68.3 220.1 102.2 99.0 46.0 27.0 5.0 32.0 

Varnu     2 146.1 70.2 102.6 43.6 46.2 19.6 12.6 2.1 14.7 

Overall 8 191.4 68.5 131.1 60.3 59.0 27.1 16.1 3.0 19.1 

 

 
Table 5.5: Estimation of incremental biomass and amount of Carbon dioxide Release Back to atmosphere 

Site Plot Total 

Biomass 

Addition 

(t/ha/yr) 

% of 

total 

biomass 

used in 

Charcoal 

Usable 

Bioma

ss (t/ha 

Non-

Usable 

Biomass 

i.e. left 

in the 

site 

(t/ha) 

Carbon 

stored in 

usable 

biomass 

(t/ha) 

Carbon 

stored in 

non- 

usable 

biomass 

(t/ha) 

CO2 Release 

Back to 

Atmosphere 

due to 

Charcoal 

burning 

(t/ha) 

CO2 Release 

Back to 

Atmosphere 

due to 

Disintegration 

of Left-over 

Biomass (t/ha)# 

Total 

CO2 

Released 

Back to 

Atmosph

ere (t/ha) 

Banni     1 15.00 64.85 09.73 5.27 4.38 2.37 1.19 0.26 1.45 

Banni     2 18.75 72.25 13.55 5.20 6.10 2.34 1.66 0.26 1.92 

Dhrub     1 25.50 66.03 16.84 8.66 7.58 3.90 2.07 0.43 2.49 

Dhrub     2 16.50 67.52 11.14 5.36 5.01 2.41 1.37 0.26 1.63 

Jatavira  1 14.25 74.04 10.55 3.70 4.75 1.66 1.29 0.18 1.48 

Jatavira  2 12.75 64.45 08.22 4.53 3.70 2.04 1.01 0.22 1.23 

Varnu     1 48.00 68.29 32.78 15.22 14.75 6.85 4.02 0.75 4.77 

Varnu     2 27.00 70.19 18.95 8.05 8.53 3.62 2.33 0.40 2.72 

Overall 8 22.22 68.50 15.22 7.00 6.85 3.15 1.87 0.34 2.21 

# same as in Table  5.4 

 
11 It is assumed that out of total non-usable (left over) biomass, 40% get disintegrated and release the carbon to 

atmosphere. Rest 60% are disintegrated and stored in soil as organic carbon. 
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6. Local Benefits & Perception  

6.1 Background 

Before December 2004, removal of P. juliflora (Ganda baval) and its conversion into 

charcoal was a restricted activity. As a matter of fact, according to Forest Conservation Act, 

within a forest area, trees can be felled only under some management scheme (like working 

plan/working scheme or management plan). Thus, the removal of P. juliflora from any forest 

area also needs to be prescribed in working (or management) plan. For example, Banni, a 

protected forest area and heavily infested by P. juliflora, its removal was restricted because 

there was no working plan for the Banni. Importantly, from the Forest Department side, there 

was no restriction in cutting or removal of P. juliflora if it is outside the limit of forest area 

i.e. village panchayat or other revenue department land. However, permission from Forest 

Department was needed to convert the wood of P. juliflora into charcoal. This clause was, 

however, applied even on the revenue lands, village common lands or even on the private 

farms. However, off-late Forest Department had delegated the power to revenue officer 

(village talati) of issuing license (or pass) of charcoal making from all those lands, which 

were lying 1.6 km away from the forest boundary. Only in the forestlands or any other lands 

within an aerial distance of 1.6 km from the forestlands, Forest Department had the authority 

to grant permission for such conversion. However, lately, due to large-scale illegal operation 

of charcoal making from Govt. lands, Forest Department withdrew the licensing authority 

from village talati. Between 1986 and 1993, Gujarat state had produced an estimated 3 

million tonnes of charcoal per year, creating an average annual 55500 man-days of 

employment (Kanzaria and Varshney, 1998). 

In December 2004, Gujarat Department of Forest and Environment (GDFE) issued a 

Government Resolution (No. 102004-2033-6) and allowed cutting of P. juliflora from any 

private and public land except from the Protected and Reserved forest areas. The resolution 

allowed manufacture of charcoal from the P. juliflora woods and also to market the same 

without any interference from any Govt. agencies. This paradigm shift in Govt. policy 

actually had serious impacts on rural economy by affecting different stakeholders involved in 

charcoal making. The removal of the restriction on the cutting of P. juliflora increased the 

charcoal production in the region. For example, study conducted by SAVE (2006) reported 

that the charcoal production from the Kachchh and Patan districts had registered seven-fold 

growth in annual turnover i.e. from Rs. 36 crores to Rs. 242 crores after the opening of sector. 

As a matter of fact the charcoal making from P. juliflora had very strong livelihood linkages 

in Kachchh district (Box 5). Other than direct benefits to the local communities, State 

Government also receive huge sum of amount in the form of royalty (Box 6) given by Gujarat 
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Forest Development Corporation (SAVE 2006).  Similarly, sustainable economic gains from 

charcoal making in a rotation of five years were also projected by Varshney (Box 7).  

 

 

 

Box 6 

Charcoal Procurement by Gujarat Forest Development Corporation 

 

Gujarat State Forest Development Corporation Limited (GSFDC) is an autonomous body promoted by 

Government of Gujarat for collection and marketing of forest produce in the state. It has been involved in 

collection and marketing of charcoal in Kachchh district since 2001. Since 2004, GSFDC has increased the 

charcoal procurement from Banni area. It estimated that the Kachchh district has a potential of annual 

production of 1,25,000 tonnes of Charcoal worth Rs. 500 million from Prosopis juliflora on Revenue 

Department lands alone. This has potential to generate wage employment of 3.65 million person days for 

poor rural population close to their homesteads. Looking at the enormous potential for generating business 

and employment, department of industries has sanctioned a project of Rs. 53 crore for collection and 

marketing of charcoal and gum from Kachchh district. 

 

GSFDC has established 22 centres in three taluka (Anjar, Rapar and Nakhatrana) of Kachchh district for 

procurement of Charcoal since last two years and has procured 1.21 lakh ton charcoal during 200-06. They 

procure charcoal at Rs.250 to 500/quintal and sold it at rate of Rs. 680-720 resulting in profit of Rs.68 lakhs. 

This initiative expects to generate income to the government and Panchayat through royalty. According to 

GSFDC, they would pay nearly Rs. 1.88 crores by way of royalty to the State Government @ Rs. 15/- per 

ton of Charcoal manufactured and sold. 

 

According to the information provided by Mr. Bharmal of GSFDC, after the lifting of ban, the charcoal 

production has taken quantum jump. But there is drastic reduction in production of gum and honey procured 

by GSFDC mainly from Prosopis juliflora lands.  

 

Source: SAVE (2006) 

 
 
 
 
 
 
 

 

Box 5 

Charcoal Making in Kachchh: Livelihood Options 

 

The uncertainty of the income and employment from agriculture is a major factor for the families to look for 

alternative sources of income. It is found that most of the 73,225 families living below poverty line in 

Kachchh district are depend on multiple livelihood activities. The Charcoal production has been a source of 

livelihood for many poor families largely belonging to Koli, Harijan and Muslim families, having limited 

land and animal assets. Though for a majority of the primary producers’ charcoal is a supplementary source 

of income, especially in the regions receiving some amount of rains or having other alternatives in the form 

of salt work etc., a substantial number of people spend almost 6 to 8 months in a year subsisting on this 

occupation. For the Parakara Kolis with a population of about 5,000 families residing in the Wagad 

(including Rapar & Bhachau taluka) region of Kutch district, charcoal making is largely the only occupation 

that helps them earn their livelihood.  

 

Charcoal production is carried out at varying scales in most of the talukas belong to Kutch and Patan 

district. However, the Wagad and Banni regions covering Rapar, Bhachau and Khavada talukas are known 

for its charcoal production. About 150 villages have more than 30 families each, undertake charcoal making 

on a regular basis.  

Source: SAVE (2006) 
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There are many ways in which various parts of P. juliflora can be utilized. Use of its wood as 

domestic fuel is most common one. In the region like Kachchh it is the most easily available 

and highly preferred wood resource due to its high calorific value (i.e. 4200 kcal/kg) and less 

smoke generating quality. However, as discussed earlier, off-late large number of rural 

families across the Kachchh district gets engaged in the work of converting the wood of P. 

juliflora into charcoal through pyrolysis method. Importantly, after the lifting of ban on its 

conversion, increasingly large number of people gets into this business. As a matter of fact, in 

the last couple of year’s time, this had emerged as the most widely adopted, household level 

rural enterprise. Needless to say, this had generated large man-days of employment without 

any official interference and thus contributed enormously to the household level of livelihood 

security.  

It is well understood that there are serious gaps in knowledge about many direct and indirect 

linkages between the charcoal manufacturing and local rural livelihood and regional 

economy. While this study does not have scope of filling those gaps, yet in very subtle 

manner, it attempts to indicate a few aspects of charcoal making that are emerged after lift in 

ban on charcoal making from P. juliflora wood. The perceptions of local people are important 

not only for the various benefits drawn from the invasive species like P. juliflora but also for 

their management (Box 8). Thus, a total of 46 households were interviewed from different 

villages, located close to the four study sites, and recorded their views and perception on 

different aspects of charcoal making.  

 

Box 7 

Charcoal Manufacturing from P. juliflora in Kachchh 

 

Gujarat Forest development Corporation (GFDC) has been entrusted with manufacturing charcoal from P. 

juliflora by the government of Gujarat. This activity has given significant employment opportunities to the 

local people. In the last five years, the corporation has manufactured about 300,000 bags of charcoal (1 

bag = 30 kg) and generated about 300,000 man-days of labour (approximately US$350,000). The 

corporation has also delivered charcoal to the Forest Department for meeting the bona fide needs of the 

local population of the district. As a result, with its one million population, Kachchh is the only district in 

India that is self-sufficient in its fuelwood requirements. P. juliflora charcoal from Kachchh is also sent to 

other districts of Gujarat state to meet their fuel wood requirements.  

 

It is useful to estimate the total resources potential from P. juliflora charcoal in the entire northwestern 

arid zone of Gujarat. Assuming that: 

• 500 trees/ha produce 24 kg dry biomass at end of five years (12 dry metric tons/5 years = 2.4 

tons/year), 

• 16.6% wood-to-charcoal yield for 0.4 tons of charcoal/ha-year,  

• 1–5 lakh ha of the area covered by P. juliflora is harvested and processed into charcoal each year,  

then, the approximately 500,000 ha of P. juliflora would yield about 200,000 metric tons of charcoal per 

year in perpetuity on a five-year cycle. Thus, annually 6.66 million bags of charcoal worth Rs. 500 million 

(approximately US$15 million) would be available (one 30-kg bag of charcoal costs Rs.75). In this way, 

millions of man-days of labour could be generated for employment. 

Source: Varshney (undated) 
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6.2 Types of Engagement  

It is understood that with the growing of charcoal sector, there are large number of families 

(both local and outside) engaged in this business. Further, with the increase in the scale of 

operation, there are clear division of work. Thus while earlier only two major groups of 

people were engaged in the business: those who were manufacturing the charcoal and those 

who were trading the charcoal; now the families are engaged in the business with different 

roles. Interview with charcoal producers suggest that now there are quite a large number of 

families engaged in cutting and selling of wood to charcoal manufacturers (Table 6.1). 

Similarly, there are families who are manufacturing the charcoal by purchasing the wood. 

Quite a significant number of families are now in direct trading or working as middlemen. 

Importantly, large numbers of families are now engaged in providing services like transport, 

JCB or even water and Tiffin etc. to the growing number of charcoal makers. Other than 

these, large number of wage labours is also engaged in this business, quite a high numbers of 

outsiders.     

Table 6.1: Schematic distribution of families engaged in different activities of charcoal business 

Site No. of Families Wage Labour 

(Population) WCS WPCM CTM Transport Water-Tiffin JCB 

Banni 99 11 71 20 107 6 1483 

Jatavira 5 0 12 20 3 6 81 

Mundra 303 7 5 33 18 0 626 

Varnu 1 0 13 18 4 4 25 

WCS- Wood Cutting and Selling; WPCM- Wood Purchasing and Charcoal Manufacturing; 

CTM- Charcoal Trading and Middlemen;  

Box 8 

Local Perception about P. juliflora  

People’s perceptions of invasive species depend upon whether their economic needs are met by the species 

(Binggeli, 2001; Pasiecznik et al, 2001). In Rajasthan, for example, local people’s perceptions of Prosopis 

juliflora were favorable during the early stages of its introduction. At that time, it was welcomed as a field 

boundary marker and helped avert a significant fuel wood shortage. Peoples’ perceptions changed later as 

the negative effects of the invasion – colonization of agricultural land, its sharp thorns, suppression of 

grasses and crops -- became more pronounced. 

Income/wealth levels and dominant livelihood strategies/occupations are important determinants of how 

individuals perceive invasive species like Prosopis juliflora (Pasiecznik et al, 2001). In India, the more 

affluent who can afford bottled gas for cooking, view Prosopis juliflora negatively, while the rural poor 

who cannot afford bottled gas value it as a fodder and fuel tree. Similarly, pastoralists whose main 

livelihood strategy is livestock keeping view it negatively because it invades valuable pastures. Poor 

farmers, on the other hand, acknowledge its benefits for fuel and fodder. In an aggressive program to 

revegetate India’s saline lands with Prosopis juliflora, small, marginal farmers, landless laborers and 

women (who used to walk long distances to collect firewood and forage) emerged as the prime 

beneficiaries. 

From these examples, it seems that people’s perceptions are fundamentally shaped by the way their daily 

lives interface with the species and how it affects their livelihoods and local economies. An economically 

beneficial species will more likely be favored in as far as the costs of managing it do not exceed the 

discernible benefits. 



 39 

6.3 Harvesting of Other Species 

One of the major concerns of charcoal making, especially after lifting the ban on cutting of P. 

juliflora wood was the rampage cutting of old trees of other native species and their 

conversion into charcoal. While there is no empirical data available on this, it is widely 

recorded and reported in several platforms and also in local print media. Thus, in the local 

context, the issue is quite real. During this study, we attempt to understand the perception of 

local charcoal makers about the potential of other woody species in charcoal making. For this 

purpose, two parameters were explored: the charcoal conversion ratio and quality of charcoal. 

It was recorded that the perception of local manufactures on these issues varies within and 

across the sites, yet on an overall basis some clarity is emerged. Accordingly, Salvadora 

oleoides (Peeludi or Meethi jar) and Salvadora persica (Khari jar) were considered to have 

better charcoal conversion ratio (i.e. 37.1% and 36.3%, respectively) than that of P. juliflora 

(32.2%) (Table 6.2). In terms of quality, Acacia nilotica (Desi baval) and Acacia senegal 

(Kher) are considered producing better quality charcoal, although not as good as of P. 

juliflora (Table 6.3). Charcoal quality of other species were perceived as quite low compared 

to P. juliflora.  Due to higher perceived values, the above described four species are subjected 

to extensive cutting and conversion into charcoal, damaging the local biodiversity values. 

Table 6.2: Charcoal Conversion Ratio (out of 100 kg wood) of Different Species as described 

by Charcoal Makers in Different Sites 

Species Banni Jatavira Mundra Varnu All 

Acacia nilotica 22.8 37.9 31.9 27.5 30.7 

Acacia senegal 20.0 27.5 NA NA 27.0 

Azadirachta indica 20.0 27.5 20.0 15.0 24.3 

Prosopis ceneraria 20.0 NA 20.0 24.2 23.2 

Salvadora persica 27.5 39.3 NA 34.6 36.3 

Salvadora oleoides 40.0 36.4 31.3 40.0 37.1 

Prosopis juliflora 26.7 37.9 30.6 31.1 32.2 

No. of Respondents 9 14 9 14 46 

 

Table  6.3: Ranking of Charcoal Quality of Different Species as described by Charcoal 

Makers in Different Sites (the benchmark value was 1 for P. juliflora) 

Site Banni Jatavira Mundra Varnu All 

Acacia nilotica 0.75 0.88 0.68 1.00 0.85 

Acacia senegal 0.25 0.73 NA NA 0.70 

Azadirachta indica 0.25 0.24 0.28 0.25 0.25 

Prosopis ceneraria 0.43 NA 0.25 0.24 0.26 

Salvadora persica 0.53 0.53 NA 0.27 0.41 

Salvadora oleoides 0.47 0.42 0.43 0.39 0.42 

Prosopis juliflora 1.00 1.00 1.00 1.00 1.00 
No. of Respondents 9 14 9 14 46 
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6.4 Income and Sustainability  

Undoubtedly, local people extracted substantial economic gains from lifting the ban on 

charcoal making from P. juliflora woods. However, with the opening of this sector, 

immediately large number of players had entered into this. This actually created the demand 

of charcoal, stabilized the price of charcoal and organized the market. The selling price of 

one mann (i.e. 40 kg) of charcoal at producers level was reported raised from Rs. 80 to Rs. 

232 (Table 6.4). 

The lifting of ban from charcoal making from P. juliflora wood immediately raised the issue 

of sustainability of wood production from village common lands. As a matter of fact, most of 

the old-growth thickets of P. juliflora in almost entire rural landscape of Kachchh was 

targeted by charcoal manufacturers (local as well as outsiders) and harvested the trees, 

indiscriminately. In the race of harvesting as much biomass as possible in quick time, 

charcoal manufacturers started using JCBs and thus even root stocks were used for charcoal 

making. Manufacturers reported the effect of this in terms of decline in production. In the 

four sites charcoal producers reported between 10 to 36% decline in charcoal production at 

family level (Table 6.5). Interestingly, despite this decline in production there is a 

considerable increase in the family income in all the four sites. Actually the decline in the 

production was offset by the increase in the price of charcoal (i.e. between 168 to 255%). 

Nevertheless, the producers had realized the fact that without maintaining sustainable level of 

production, the income from charcoal is bound to fall in due course of time. 

 

Table 6.4: Changes in Charcoal Selling Price (Rs. Per 40 kg) before and after lifting the ban on 

its conversion and marketing  

Parameter Banni Jatavira Mundra Varnu All 

Min Rate (Before ban lifting) 61.10 65.70 47.00 43.10 54.30 

Max Rate (Before ban lifting) 82.80 82.10 72.50 81.50 80.00 

Min Rate (Current) 201.10 176.40 182.00 172.30 181.30 

Max Rate (Current) 257.20 225.40 224.00 226.20 231.50 

Total Respondents 9 14 10 13 46 

Table 6.5: Changes in charcoal price and per family production and income in different sites. 

Site Current 

Avg. Price 

(Rs. per 

Gannibag) 

Avg. 

Change in 

Price (%) 

Current Avg. 

Production 

(Gannibag per 

month per family) 

Avg. 

Change in 

Production 

(%) 

Current Avg. 

Income 

(Rs. per month 

per family) 

Avg. 

Change in 

Income 

(%) 

Banni 229.2 254.8 82.2 -27.5 18275.0 142.3 

Jatavira 206.0 180.8 90.8 -30.9 16644.2 91.4 

Mundra 218.6 168.6 51.4 -35.9 10975.0 67.5 

Varnu 199.2 231.4 62.3 -9.7 12719.2 199.4 

Change is with reference to 3 years back state (i.e. before lift in ban in charcoal making)  
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Overall, the perceptions of local producers in the four study sites suggest that there is a 

substantial decline in the P. juliflora production base (Table 6.6). The increasing number of 

producers and traders resulted into over exploitation of P. juliflora wood. Due to over 

harvesting of P. juliflora woods, now the charcoal production efficiency of the remaining 

woods as well as the quality of charcoal produced, is declined significantly.  

Table 6.6: Perception of change in charcoal production system after lifting in the ban 

Parameters Bhirandiyara 

(Banni) 

 

Jarpara 

Wandh 

(Mundra) 

Jatavira & 

Charkhada 

(Jatavira) 

Varnu & 

Sukhpar 

(Varnu) 

Decline in availability of P. juliflora (%) 60 80 70 70 

Increase in no. of producer families in 

village (Earlier to Present) 

150 to 350 27 to 160 10 to 50 70 to 170 

Increase in no. of Traders (Earlier to 

Present) 

10 to 120 3 to 15 1 to 22 4 to 20 

Decline in production efficiency (%) 15-20 10-15 10-15 15-20 

Decline in quality of charcoal (%) 20 25 25 10 

 

 



 42 

7. Conclusions 

The study, by collecting primary field based data, provides better understanding about the 

conversion of Prosopis juliflora wood into charcoal using traditional method of pyrolysis. It 

also makes an attempt to estimate the potential of charcoal production in different sites of 

Kachchh. Efforts had also been made through this study to estimate the carbon sequestration 

in both the soil of P. juliflora infested lands and in the P. juliflora biomass. In addition to 

above, during this study, focus was also given to understand the perception of local charcoal 

makers about the changing conditions of availability of P. juliflora biomass, production 

potential, price of charcoal and sustainability etc.  

Although study was conducted in plantation sites, except the Jatavira, all the three sites are 

heavily used by local people for their fuel wood requirements as well as for making 

charcoals. This resulted into high density of plants in most of these sites. In a sense, by 

selecting four different sites from different geographical regions and that too in almost open 

access system, these selected sites represent typical P. juliflora shrub-lands in Kachchh 

district.  

The experiment of charcoal making in different sites clearly suggests that by using traditional 

pyrolysis method, local charcoal makers used only about 68% of total biomass of P. juliflora 

in charcoal making. Rest of the biomass (32%) is non-usable. Furthermore, the contribution 

of below ground biomass to total biomass in all the sites ranged between 12 to 14%, while 

above ground biomass constitute the remaining parts. As expected, study recorded strong 

relationship (R2= 0.85) between the wood volume and stem biomass. 

The study, despite having serious limitations of time, provides better understanding about the 

system of charcoal making using crude pyrolysis method. This study able to indicate the 

variations in wood characteristics and thus in charcoal conversion rate across the sites in 

Kachchh district. The average rate of charcoal conversion was found to be about 26% of total 

fresh biomass. The moisture content in the wood is one important factor that influences the 

rate of conversion. Thus while in Banni rate of charcoal conversion was quite low (18.8%) it 

can be attributed to higher (38%) moisture content in the wood.   

Among the four sites, the maximum charcoal production was estimated in Varnu (43440 

kg/ha), mainly due to high plant density. On overall basis, charcoal production potential from 

four sites of Kachchh was recorded as 31712 kg per hectare. Considering that in Kachchh 

about 184000 ha area is covered exclusively by P. juliflora shrub-land (SAC, 2001), the 

district has an estimated potential of 5.8 million tons of charcoal from its standing biomass. 

With the current minimum rate of Rs. 4.50 per kg, the above charcoal has a total worth of 
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about Rs. 2625 crores. Even if it is harvested in a period of five years, it produces charcoal 

worth of about Rs. 525 crores, annually. 

The study made a special effort in measuring the role of P. juliflora in sequestering the 

carbon in soil as well as in biomass. The soil organic carbon pool was found significantly 

higher in P. juliflora shrub lands compared to nearby, non-Prosopis lands. While in Banni, 

Dhrub and Varnu the increase was in the range of 51.2 to 309%, the difference was not 

significant in Jatavira, mainly attributed to limited cutting pressure (and thus low amount of 

wood-fall on the land). On an overall basis, the four study sites suggested a build-up of about 

2.6 tons of organic carbon in each hectare of P. juliflora land. Assuming that the average age 

of selected P. juliflora sites was 20 years, then the average rate of soil organic carbon 

increase in P. juliflora shrub lands in Kachchh would be about 130 kg/ha/year. Considering 

that in Kachchh about 184000 ha area is covered exclusively by P. juliflora, it sequesters 

about 24 million tons carbon annually. In addition to this, study also estimated that in the 

same area, about 1.84 million tons of carbon is sequestered annually in the biomass of P. 

juliflora.  Thus, a total of about 26 million tons of carbon is sequestered annually by P. 

juliflora shrub lands in Kachchh. Importantly, in order to sequester the above amount of 

carbon, the P. juliflora shrub land would require removing about 95 million tons of CO2 

from the atmosphere, annually. In the context of global climate change, this is quite a 

significant contribution and had a strong merit for ‘carbon trading’.  

There is, however, an important caveat about the above estimated figures. These numbers are 

quite indicative about the scale of environmental and ecological benefits P. juliflora grant to 

Kachchh. However, a long-term study with more scope of field based experiments would 

certainly validate and improve above numbers.  

The study clearly highlights that with the kind of economic value (Rs. 525 crores of charcoal 

every year) and environmental value (95 million tons of CO2 removal every year), P. juliflora 

shrub lands, need special attention for their management. The perception of local people also 

suggests that the issue of sustainability in wood removal is in the central to get above gains. 

Thus, the ‘blanket ban’ or ‘free-for-all’ type of extreme policies of charcoal making from P. 

juliflora woods, need to be reviewed in the light of larger environmental gain. Importantly, 

while framing such policy, it also needs to consider the issue of invasion of P. juliflora on 

productive grazing land and biodiversity rich areas and thus damaging their values. 
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Annexure -1 

Socio-economic Assessment of Charcoal Making 

Charcoal Producer Household Questionnaire 

 

 

Name of Village:    Taluka: 

 

Name of Family Head/Interviewee:  Age:  Caste: 

 

Name Age M/F Education Main Occupation Sub-Occupation 

      

      

      

      

      

 

Total Land Holding (in acre):    Irrigated Area (in acre): 

 

 

How many family members are engaged in charcoal business? And in what manner? 

 

 

(A) Method of charcoal production and marketing? 
 

Main players in the Business 

 

According to you what are the different ways through which a person/ family can 

engage in charcoal business (e.g. only wood cutting, charcoal making, transport etc.)? 

 

 

Household Charcoal Business 

  

Out of above ways, how your family members are engaged in charcoal business? 

 

 

When did your family associated with charcoal business? 

 

 

Where do you go for charcoal making (last six months) or how far from your 

village did you go for  charcoal making? 

 

 

How much did your family produce charcoal (last six months)?  
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Which is the best season for charcoal making? 

 

 

At what rate you are selling the charcoal? How much fluctuation in the price? And 

what are the factors for price fluctuations? 

 

 

Define the mechanism of charcoal making and marketing?  

 

 

Cost of 100 kg of Charcoal Production 

 

Item Cost Details 

  

  

 

 

Cost of 100 kg of Charcoal Marketing 

 

Item Cost Details 

  

  

 

If we take 100 kg of wood from different plant species, how much coal will be 

produced from different species? And if we assign a score of 1 for the quality of 

Ganda baval charcoal, then according to you what would be the score for quality of 

charcoal for other species? 

  

Plant 

Species 

Conversion rate 

(per 100 kg of 

wood) 

Quality Score 

(compare to quality score of Ganda baval of 1- 

e.g. 1.25 or 0.75) 

Ganda baval   

Desi baval   

Peeludi   

Neem   

Kher    

 



 51 

According to you, what are the factors which determine the better convertibility 

(wood to charcoal)?  

 

 

What is the definition of good quality charcoal? What kind of charcoal will get you 

better price? 

 

 

According to you, what are the factors which made good quality charcoal? 

 

 

Change in status of charcoal business in last 3 years? 

 

 3 yrs ago Current (before the 

recent Ban) 

Reason 

Availability of Prosopis juliflora in 

and around your village 

   

No. of producer families/ persons in 

your village 

   

Production efficiency i.e. charcoal 

production from 100 kg of wood 

   

Production of charcoal (in mann) per 

family per month 

   

 

Quality of charcoal    

Price Range (Rs. Per mann-40 kg)     

  

Suppose we provide 10 labours (i.e. we will bear the cost of labour charges) to 

improve your household economy then how will you engage those labours (in which 

occupations of yours)? Give reasons? 

 

 

Suppose we provide 10 bigha land to you for 10 yrs in your village, what would you 

prefer to do- agriculture or charcoal making, considering the cost and risks factors in 

both the sectors? Give reasons? 

 

 

 

According to you, what are the impacts of charcoal business on traditional livelihood 

(like agriculture, animal husbandry, fishing etc.)? 
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Prospect of this business?  

 

How do you see the recent ban on Charcoal  making from Ganda baval? What could 

be the reasons for Govt. banning the charcoal making from Ganda Baval? What are its 

effect on people’s livelihood in future? 

 

 

Before the recent ban, did you agree that Prosopis juliflora plants were declining day- 

by day and thus in next five years there will be acute competition for the wood? Yes 

or no?  Elaborate this. 

 

 

Do you agree that while cutting the Prosopis juliflora for wood, many producers are 

also cutting other trees of local variety? If yes, according to you which are the other 

plant species people mostly cut? Why? 

 

 

Do you see any other benefits (other than income generation) of charcoal making 

from Ganda Baval? 

 

 

Do you see any major health related problems while producing charcoal? 

 

 

During last 3-4 years what are the major problems you faced in charcoal making and 

marketing? Explain 

 

 

Do you see major problems in future if charcoal making from Ganda baval continue 

like today? Explain. 

 

 

To develop it as a sustainable/ long-term business option, what supports you expect 

from different players?  

 

Major Players Suggestions 

Other Charcoal Producers  

Traders  

Gram Panchayat  

NGOs  

Forest Dept  

Forest Corporation  

District Collector 
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Annexure- 2 
Physio-chemical Properties of Soil Samples of Four Study Sites 

Site Plot  

No.  

pH EC 

(μS/cm) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Bulk 

Density 

(gm/cm3) 

Inorganic 

Carbon (%) 

Organic 

Carbon (%) 

Total   

N (%) 

Dhrub 1 9.8 955 8.73 29.72 61.55 1.21 11.009 0.058 0.168 

Dhrub 2 9.1 1620 30.61 22.86 46.53 1.27 10.759 0.288 0.147 

Dhrub 2 9.9 1420 24.1 27.78 48.11 1.25 21.017 0.288 0.172 

Dhrub 2 9.9 12.2 15.9 22.83 61.27 1.20 22.268 0.25 0.152 

Dhrub 3 9.9 645 24.52 20.13 55.34 1.23 18.014 0.25 0.181 

Dhrub 4 9.6 29.4 31.02 13.69 55.29 1.24 26.271 0.288 0.17 

Dhrub 4 9.5 1690 22.13 20.11 57.76 1.22 11.509 0.335 0.172 

Dhrub 4 9.4 2380 23.15 23.35 53.49 1.23 9.007 0.079 0.15 

Dhrub 5 9.8 1680 32.8 11.27 55.94 1.24 7.756 0.079 0.144 

Dhrub Outside 9.6 2540 25.05 26.85 48.1 1.25 7.506 0.079 0.144 

Jatavira 1 8.0 2580 14.34 22.56 63.11 1.20 8.257 0.177 0.145 

Jatavira 1 8.4 5910 23.43 24.65 51.93 1.24 6.005 0.374 0.14 

Jatavira 1 8.5 1770 13.31 31.66 55.03 1.21 0.751 0.276 0.143 

Jatavira 2 8.4 106 12.22 25.52 62.27 1.20 1.751 0.177 0.15 

Jatavira 3 8.3 72.8 11.93 53.03 35.04 1.27 3.753 0.098 0.154 

Jatavira 3 7.2 77.9 28.48 36.75 34.77 1.30 1.001 0.079 0.146 

Jatavira 3 7.2 60.5 4.62 51.77 43.61 1.22 1.251 0.079 0.158 

Jatavira Outside 7.2 556 33.4 16.1 50.5 1.26 6.005 0.118 0.069 

Jatavira Outside 7.9 524 10.91 26.64 62.45 1.21 8.257 0.098 0.143 

Jatavira Outside 7.9 200 22.17 37.17 40.66 1.27 31.775 0.394 0.121 

Banni 1 8.4 88.4 11.83 13.81 74.36 1.20 35.779 0.197 0.143 

Banni 1 9.0 101 9.25 48.13 42.62 1.24 31.525 0.138 0.145 

Banni 1 8.8 148 6.01 55.37 38.62 1.25 47.788 0.483 0.155 

Banni 2 8.1 134 11.06 22.88 66.06 1.21 40.908 0.158 0.149 

Banni 2 8.8 110 11.51 53.37 35.12 1.27 39.782 0.266 0.166 

Banni 2 8.9 117 8.54 60.08 31.38 1.28 46.537 0.177 0.144 

Banni 3 8.8 141 14.76 63.25 21.99 1.34 41.533 0.158 0.129 

Banni 4 8.9 145 18.89 17.19 63.92 1.22 41.283 0.118 0.139 

Banni Outside 8.6 2320 12.2 20.19 67.61 1.20 28.523 0.167 0.134 

Banni Outside 8.8 1580 33.59 42.53 23.88 1.37 32.401 0.138 0.144 

Varnu 1 8.9 919 16.03 29.81 54.51 1.21 23.018 0.246 0.152 

Varnu 2 8.8 227 4.48 9.06 86.46 1.20 23.144 0.118 0.145 

Varnu 2 9.2 615 9.86 36.56 53.58 1.20 20.767 0.137 0.114 

Varnu 2 9.0 185 7.38 6.37 86.25 1.20 23.394 0.127 0.118 

Varnu 3 8.2 2860 10.24 49.76 40 1.25 21.767 0.049 0.126 

Varnu 3 8.1 2480 20.13 33.21 46.66 1.24 6.755 0.049 0.147 

Varnu 3 8.2 1860 15.89 31.88 52.23 1.22 8.507 0.029 0.119 

Varnu Outside 8.0 5210 23.6 49.67 26.74 1.33 8.882 0.029 0.12 

Varnu Outside 8.3 1160 11.83 36.42 51.75 1.21 20.516 0.02 0.115 

Varnu Outside 8.0 3040 16.72 39.88 43.4 1.25 12.135 0.01 0.089 

 


