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Abstract: A study was conducted to determine the potential of physic nut in sequestering carbon in 

plantations established to rehabilitate degraded forest lands and in live fences. Systematic and purposive 

sampling method was used to collect the biophysical data of Physic nut in plantations and live fences. 

Diameter at breast height and height of Physic nut trees were measured for above ground biomass 

estimation. Litter and soil samples were collected from plost using a sub-plot of 1  × 1 meter quadrates. 

Above ground carbon stock of physic nut  in plantations and live fences were 5.41 and 137.36 tons per 

hectare, respectively. Below ground carbon stock estimation of Physic nut in plantations and live fences 

1.53 and 41.21 t c ha-1  respectively. Soil organic carbon stock of Physic nut in plantations and live fences

49.8 and 65.94 t c ha-1 was not statistically significant. No significant difference was found in the carbon 

stock of litter in plantations (0.93 tons per hectare) and live fences (0.93 tons per hectare). 
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1.INTRODUCTION 

1.1.  Background 

Physic nut (Jatropha curcas L.) is considered in many countries as a wonder plant due to its potential as 

a source of biodiesel. Physic nut bears seed containing oil suitable for biodiesel either in sole or blend. 

Therefore, physic nut is expanding in the tropics and subtropics particularly South East Asia (India, 

Indonesia and Malaysia), Central America and Africa (Mali, Togo, Ethiopia, Kenya and Tanzania). In 

addition its ability to withstand extreme moisture stress as well as low fertility makes it the best candidate 

for land rehabilitation. Physic nut is highly adaptable to different ecological conditions. It is well adapted 

to semi-arid and arid climate and its occurrence has been observed in an annual rainfall ranging between 

250 and 3000 mm (Foidl et al., 1996). The grouwth variation  and production of physic nut is line with 

the range of this rain fall.The plant is monoecious and flowers are unisexual and pollination is by insects. 

The life span of the plant is more than 50 years (Heller, 1996). 

Physic nut grows well with more than 600 mm of rainfall per year, and it withstands long period of 

drought however, the minimum is highly dependent on local conditions. Physic nut succeed within 250 

mm of rainfall per year in Cape Verde due to the high humidity. In times of drought, the plant sheds 

most of its leaves in order to reduce water loss. In addition, the plant can also be cultivated where there 

is a great deal of precipitation. It is very partial to warm weather and tolerates only light frost (Schmid, 

2003). In addition, the cultivation of physic nut leads to the regeneration of soils. In this regard, it helps 

protect the soil from erosion and to retain water (Jongschaap et al., 2007; Francis et al., 2005). 

The Physic nut is still a wild plant and basic agronomic practices are lacking and its effect on the 

environment is not known yet. However, it is expected that land occupation impact of physic nut on the 

soil will be positive (Kumar et al., 2009). Traditionally, the cultivation of physic nut has been undertaken 

primarily for protection of crops as a fence to exclude livestock or as hedge for erosion control or wind 

break. The ability of physic nut to establish and be productive across a wide range of growing conditions 

and extreme moisture stress makes it desirable species for degraded lands and erosion control. In 
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equatorial regions where moisture is not a limiting factor, physic nut is able to bloom and produce fruits 

throughout the year (Heller, 1996). 

Physic nut is reciving national attention with the onset of the biofuel policy and strategy that states the 

plant as a primary source of biodiesel (Ministry of Water and Energy, 2007). As a result of enviromental, 

economic, rural development and poletical issues, biodiesel is getting global attention in oil importing  

countries such as India, China and Ethiopia as well as petrolium producing countries such as Malysia

(Heller, 1996; Francis et al., 2005). Physic nut is well adapted to semi-arid climates and can be planted 

on eroded lands under harsh climatic conditions. Bati woreda is one of those areas where the rural 

people use Physic nut as a source of household energy, live fences and soil erosion control. The forest 

cover of the area is decreasing from time to time in which one of the main reasons is fuel wood 

consumption. The area is endowed with Physic nut plants predominantly for fencing of homes and 

agricultural fields and rehabilitated degraded lands. 

So far studies on provenance testing, cultivation techniques, utilization of the oil for various purposes 

including biodiesel, and water use of physic nut has been done by many researchers (Raphae et al.,2010; 

Wiesenhutter, 2003).

However, information about the carbon stock of physic nut in plantations and live fences has not been 

done and documented in Ethiopia, but there is a growing interest in exploiting its potential as carbon 

stock services. Physic nut can be found at different elevations, aspects and site quality of Bati which 

require assessment of total carbon stock in different land use system like plantations and live fences. 

Therefore, this study aims to determine the potential of Physic nut plantations in sequestering carbon in 

established plantations of Physic nut to rehabilitate degraded forest lands and live fence in Bati Woreda, 

Ethiopia.

MATERIALS AND METHODS

Study Site 
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The study was conducted in Bati Woreda located 415 km North East of Addis Ababa,Ethiopia. The 

geographical location of the study area is between N 1211213, N 1264871 and E 590159, E 631705 at 

UTM coordinate system.

The agro-ecology of Bati Woreda includes warm to cool semi-humid and semi-arid with 19% and 81%, 

respectively (BWARDO, 2007). The altitude of the Woreda ranges from 916 to 2638 with average altitude 

of 1660 meters above sea levels (masl). Generally the topography of the Woreda is classified under 

lowland and most of the land is not suitable for agriculture.  The total area covered by the study site was 

135860 ha. The population of the Woreda is estimated to be 116,174 (CSA, 2008). It has four urban and 

twenty eight rural kebeles, of which 82% of the population is living in rural areas and 18% in urban.

Selection of sampling sites

Selection of the sample sites were done with the help of Woredas Agricultural Office based on their data 

availability of all the 32 kebeles (four urban and twenty eight rural) five rural Kebeles (Birra, Salmene, 

Urrungo, Kamme and Mammed) in which there is a vast distribution of Physic nut and their proximity to 

town were selected for the study. 
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Tree data measurement

Diameter at breast height (DBH) of each tree within 20 m x 20 m and 2 m x 10 m sample plots were 

measured by using caliper and height of each tree was measured by using hypsometer. Trees with 

multiple stems at 1.3 m height were treated as a single individual and DBH of the largest stem was 

measured.  A canker, gall or branched trees at 1.3 m were measured the smallest point below it where 

the stem assumes near cylindrical shape. Trees with multiple stems or fork below 1.3 m height were 

treated as a single individual stem (Pearson et al., 2005). For above ground biomass estimation, all tree 

diameters at breast height within selected site were recorded.          

3.2.4 Litter Sampling

The litter sample was collected from the four corners and at the center in sub-quadrate of 1 m × 1 m in 

each sample plot . All litter samples in the sub-plot were collected manually. The weight of each sample 

was recorded for wet weight and 100 gm sub-sample was taken for laboratory analysis.  The litter 

samples were oven dried at 70 °C for 48 h. Samples were cooled for 1 h and weighed to provide a bulk 

estimate of litter mass for each site.                     

3.2.5 Soil sampling 

Soil samples were collected from land under physic nut plantations, live fences and near natural 

vegetations. Soils were sampled in the same sub plots for litter. Before collection of soil samples, all litter 

and vegetation was removed from the site. Soil samples were taken at 30 cm depth from the four corners 

and center of each plot using soil auger. The soil samples were mixed homogeneously and 100 gm sub-

samples were taken from each sample for organic carbon determination in Addis Ababa (Jije Analytical 

Service Laboratory).                              

Aboveground Biomass and Carbon  Estimation

Regression equations typically relate a tree’s stem diameter or stem basal area to its total mass. For 

many tree species it is possible to estimate biomass from a single common regression equation. To 

estimate above ground biomass with the allometric method, consideration must be first given to the basal 
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area (BA) of the tree. Where this basal area was recorded with conventional forest inventory using 

diameter at breast height (1.3 m). Basal area of the trees was estimated by the following equations:

BA = π x r2

Or BA = 0.785DBH2 

Where: BA is basal area of tree, π = 3.1415927; and r is the radius of the tree at breast height.

Therefore above ground biomass of trees were estimated using  allometric equation developed by Brown 

(1997) based on rain fall less than 900mm for dry tropical forests, with the maximum  tree diameters 

were 30cm. 

This equation was as follows:         

      Biomass(Y) = 10(-0.535+log
10

BA) 

Where; 

Y represents the total dry above ground biomass of a tree in kg and BA the basal area of tree in cm2.  

The total carbon stock in above ground biomass of Physic nut in plantations and live fences was 

determined by multiplying  the total plant biomass by convertible factor which is representative of the 

average carbon content in plant biomass. This conversion factor (0.50) assumes 50 % of total plant 

biomass is equal to Carbon. This factor is used worldwide (IPCC, 2003), hence it was applied in this study 

for calculation of total carbon in above ground biomass of both physic nut plantations and live fences.

C (AGB) = AGB X 0.5 

Where, C (AGB) is above ground carbon, AGB above ground biomass

Below Ground Biomass and Carbon Estimation

According to FAO (2000) one of the most common descriptors of the relationship between root (below-

ground) and shoot (above-ground) biomass is the root-to-shoot ratio, which has become the standard 

method for estimating root biomass from the more easily measured shoot biomass. Belowground biomass 

estimation is much more difficult and time consuming than estimating above ground biomass. To simplify 

the process for estimating below-ground biomass, it is recommended that root-to-shoot ratio value to 

estimate below-ground biomass as 30% of above-ground tree biomass broad leaved vegetation. 

In this study below ground biomass was estimated by using the following equations:   
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Below Ground  biomass(BGB) = 0.3 x (AGB) 

Where, AGB is above ground biomass, 0.3 is conversion factor for broad leaved vegetation (FAO, 2000). 

Carbon content of BGB= Total BGB X C fraction (0.5) 

Where, BGB is below ground biomass, C is carbon fraction.

The total carbon storage was then multiplied with the CO2 factor of 3.67 to convert carbon stored into 

CO2.

Litter Biomass and Carbon Estimation

The forest floor, or litter layer, is defined as all dead organic surface material on top of the mineral soil. 

Some of this material will be still recognizable (for example, dead leaves, twigs, dead grasses and small 

branches) and some will be unidentifiable decomposed fragments of organic material (Pearson et al., 

2005). The estimation of the biomass of litter was by using the following equation: 

      LB =    *  − ( )
− ( ) ∗

Where: LB = Litter (biomass of litter t ha-1) 

W field   = weight of wet field sample of litter sampled within an area of size 1 m2 (g);

A = size of the area in which litter will be collected (m2);

W sub-sample, dry = weight of the oven-dry sub-sample of litter taken to the laboratory to determine 

moisture content (g), and 

W sub-sample, fresh = weight of the fresh sub-sample of litter taken to the laboratory to determine 

moisture content (g) (Pearson et al., 2005).

The carbon content of litter was estimated by multiplying its mass by the carbon fraction and converted 

to tone carbon per hectare.

Total carbon content of litter (ton/ha) = Total litter biomass x Carbon fraction

Or LC (ton/ha) = ∗
∗  ∗ ∗   

Where , LC is carbon content of litter, FW fresh weight of the sample(g), SDW dry weight of sub-

sample(ton), SFW fresh weight of sub-sample(g),  C carbon fraction of litter. To determine the amount of 

carbon dioxide sequestered in the litter, multiply the weight of carbon in the tree by 3.67.
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Soil Organic Carbon Estimation

To estimate the amount of carbon in Physic nut plantations, live fences and near natural vegetation soils, 

samples were brought into the laboratory for further analysis. The carbon concentration in the soil was 

determined as oxidizable organic carbon according the method of Walkley and Black (1934) as outlined in 

McLean (1982).

Total soil organic carbon was calculated using the formula given below (Awasthi et al., 2005). 

SOC= Organic carbon content % x soil bulk density (g/cm3) x soil depth (cm)

Where, SOC is soil organic carbon (t ha-1).

Bulk density 

Soil bulk density was determined using core sampling method (Lasco et al., 2005). Soil cores of 5 cm in 

diameter and 10 cm length were used for determining the bulk density of the soil samples. The fresh soil 

samples extracted by bulk density cores were bagged in a plastic bag, sealed and labeled. Then the 

samples were transported to the laboratory for oven drying and measured after 24 hours at constant 

temperature of 105 
0
C. The dried soil was passed through a 2 mm sieve, the soil was weighed and 

volume of stones was recorded for stone correction. The following formula was used to calculate the 

bulk density using stone correction (Pearson et al., 2005). 

      ρb  =  − /   

ρb  = Bulk density of the < 2mm fraction, (g/cm3)

ODW = Oven-dry mass of fine fraction (<2 mm) in g

CV = Core volume (cm3)

RF = Mass of coarse fragments (> 2 mm) in g

PD = Density of rock fragments (g/cm3). The density of rock fragments was determined by submerging a 

known mass of coarse fragments in a known volume of water; the displacement gives an estimate of rock 

volume, which can be used to calculate density.
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Estimation of total carbon stock

Once all of the individual components of the plantation were accounted for it is possible to simply add all 

of the components together to get total biomass and carbon per plot expressed as tone per ha. Total 

carbon  content of the area :

C (T) = C (AGB) +C (BGB) +C (LB) +SOC

Where,

C (T) = total carbon content for study area (t C ha-1)

C (AGB) = carbon in above-ground biomass (t C ha-1)

C (BGB) = carbon in below-ground biomass (t C ha-1)

C (LB) = carbon in litter (t C ha-1) and

SOC = soil organic carbon (t C ha-1)

Data analysis

Student t-test was applied to compare the means of physic nut in plantations and live fences to test 

significant differences in carbon stocks. Total Physic nut tree carbon stock was also compared, including 

the cumulative carbon stock of trees, litter, and soil. All these statistical analyses were conducted using 

the SPSS version 15.0 and Ms-Excel.

Result and Discussions

Aboveground biomass and carbon stock

Statistical analysis indicated that there was strong relationship between diameter of Physic nut and above 

ground biomass. This positive correlation coefficient (R=0.965) and (p=0.001) indicates that there was a 

statistically significant (p < 0.01) linear relationship between these two variables such that the more 

diameters of the tree have the more above ground biomass.

The total above ground biomass of Physic nut was 285.53 t ha-1 which was the sum of 10.82 t ha-1 mean 

above ground biomass of plantations and 274.71 t ha-1 of mean above ground biomass of live 

fences(Figure 1).



Figure 1. Above ground biomass of Physic nut in plantations and live fences. 
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by Firdaus and Husni (2010) estimated above ground carbon stock in three years old of Physic nut 

plantations (7.84 t C ha-1) and  slightly greater than the results of plantations (4.4 t C ha-1 ) reported by 

CMSCRI (2007). Similar study by Bailis and McCarthy (2011) indicated that the Physic nut in plantations 

store 8–10 t C ha-1 in above ground carbon when managed with regular pruning in both India and Brazil. 

This value is greater than the present study probably due to management practice. Mature Physic nut 

trees in Tanzania contain 50 kg dry matter (40 t C ha-1) (Struijs, 2008), 40 t C ha-1 from irrigated plots in 

Egypt (Henning, 2003) and 12.4 t C ha-1 in unirrigated plots in India (Francis et al., 2005).  Hence the 

values obtained are lower than the values reported by Struijs (2008) and Henning (2003) for mature and 

irrigated Physic nut in plantation due to age of trees and irrigation.

Belowground Biomass and Carbon Stock 

The total mean belowground biomass of Physic nut was 85.47 t ha -1, the sum of 3.06  t ha-1 mean below 

ground biomass of Physic nut in plantations and 82.41 t ha-1  mean below ground biomass of live fences.

Total below ground carbon stock per hectare was estimated from the above ground carbon stock in 25 

sample plot of plantations and live fence for each. Mean below ground carbon stock of Physic nut in 

plantations were 1.53 t C ha-1 and 41.2121 t C ha-1. According to the result in t-test analysis indicated that 

mean below ground carbon stock of  Physic nut in plantations  and live fences was highly significant 

difference at  (p=0.001). Hence, below ground carbon stock of Physic nut in live  fences was greater than 

plantations. The results of this study was relatively similar with that reported by Firdaus et al. (2010) for 

1.5 year old Physic nut trees in plantations ( 1.81 t C ha-1) of total below ground carbon stock,  but lower 

than (3.09 t ha-1 ) for  2.8 year old trees. Similar study by CSMCRI (2007) estimated that below ground 

carbon of Physic nut in plantations was 1.33 t C ha-1, which was slightly lower than the value obtained in 

this study.  According to Struijs (2008) Physic nut trees spaced at 2 x 3 m (1667 trees/ha) would give 

mean below ground biomass of 2.3 kg per plant and below ground carbon of 1.91 t C ha-1. In another 

study, Firdaus and Husni (2010) estimated below ground carbon of Physic nut in plantations was 2.64 t C 

ha-1, which was higher than the values obtained in this study. These differences due to climatic condition, 

age of plantations, plant density. 
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Litter Carbon Stock

It was estimated that mean litter biomass carbon of physic nut plantation was 0.93 t C ha- 1   and live

fences was 0.93 C ha- 1.  The total litter carbon stock estimation in plantations and live fences were 1.86 t 

ha-1. The t-test  analysis showed that there was no significant difference between litter carbon stock of 

Physic nut in plantations and live fences ( at t=0.06, p=0.951 (p > 0.05). The result indicates that 

Therefore, the mean carbon stock per hectare of Physic nut in live fences was equal to plantations. 

Carbon stock of Physic nut litter was not significantly different in plantations and live fences and agrees 

with the result of Abugre et al. (2011)  who reported that the litterfall biomass of physic nut planted at 

planting distances of 1 m x 1 m, 2 m x 1 m and 3 m x 1 m to be 2.27, 1.10 and 0.79  t ha-1, respectively. 

On the other hand values obtained in this study are higher than the values reported by Firdaus and Husni 

(2010) who found the biomass  of litter fall under physic nut plantation was 1.29 t ha-1 with carbon 

content of litter fall 0.6 t C ha-1. According to Ordonez et al. (2008) the carbon content of litter in 

different land class ranging from 0.6-4.0 t C ha-1.

Soil carbon stock

Bulk density

The soil bulk density (g/cm3) at soil depth of 0-30 cm of Physic nut in plantations were ranging 

from 1.19 to 1.74, live fences 0.93 to 1.63 and near natural vegetation soil 1.06 to 1.93. The 

higher value of bulk density indicates that lower soil organic carbon. The mean soil bulk density 

of Physic nut in plantations (1.46 g/ cm3), live fences (1.30 g/ cm3) and near natural vegetation 

soils (1.49 g/ cm3). The result shows mean bulk density (1.30 g/ cm3) of Physic nut in live fences 

had higher soil organic carbon and lower bulk density than plantations and near natural 

vegetations (Figure 2).



Figure 9. Mean bulk density of soil in Physic nut plantations, live fences and near natural vegetation.
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Figure 9. Mean bulk density of soil in Physic nut plantations, live fences and near natural vegetation.

The maximum organic carbon concentration (OCC) of 4.44% and minimum of 0.17% was found for 

plantations, 0.45% to 6.59% in live fencse and 0.34 to 3.45% near natural vegetations. The 

mean value of soil organic carbon of Physic nut in plantations, live fences and near natural vegetations 

were 49.80, 65.94 and 44.96  t C ha-1, respectively. The result showed that there was no significant 

difference between soil organic carbon stock estimation of Physic nut in plantations and live fences (t= 

1.34, p= 0.19). Likewise, there was no significant difference between mean soil organic carbon of 

plantations and near natural vegetations (t= 0.46, p= 0.64).  But the mean soil organic carbon of 

fences was significant difference from soil organic carbon of near natural vegetations 

Table 2.  Soil organic carbon of Physic nut in plantations, live fences and 

.

Minimum Maximum Mean SD    P-

    
2.16 207.79 49.80 43.57 0.19

16.20 183.85 65.94 41.80 0.64

16.73 155.25 44.96 26.43 0.04

Higher values were obtained in this study than reported by Bailis and McCarthy (2011) 

) and unpruned plantations (31.0 t C ha-1) and 32 t C ha

Fence Natural

1.3

1.49

Figure 9. Mean bulk density of soil in Physic nut plantations, live fences and near natural vegetation.

The maximum organic carbon concentration (OCC) of 4.44% and minimum of 0.17% was found for 

plantations, 0.45% to 6.59% in live fencse and 0.34 to 3.45% near natural vegetations. The 

in plantations, live fences and near natural vegetations 

ult showed that there was no significant 

plantations and live fences (t= 

1.34, p= 0.19). Likewise, there was no significant difference between mean soil organic carbon of Physic 

plantations and near natural vegetations (t= 0.46, p= 0.64).  But the mean soil organic carbon of 

fences was significant difference from soil organic carbon of near natural vegetations 

plantations, live fences and 

-value

0.19

0.64

0.04

Bailis and McCarthy (2011) for pruned Physic 

and 32 t C ha-1 estimated by



14

Romijn (2008). The results obtained in this study were relatively lower values as compared with 

broadleaf species and almost similar with conifers species reported by Tsai et al. (2009). According to 

Carre et al. (2010) soil organic carbon in different land use categories was almost equal except annual 

cropland (tobacco).   The results of this study are complements with Carre et al. (2010) who estimated 

soil organic carbon of perennial Physic nut plantations and other land use types.

The above ground biomass, below ground biomass, and their carbon stock was higher for the physic nut 

of the live fences. In addition the soil from the live fences had higher organic carbon. These is due to age 

difference and plant density in live fences.

Conclusion

This study illustrates carbon stock estimation of above ground, below ground, litter and soil organic carbon 

of Physic nut in plantations and live fences. The total above ground carbon stock of Physic nut in plantations 

and live fences as estimated were 5.4 t C ha-1 and 137.36 t C ha-1, respectively. Below ground carbon stock 

estimation of Physic nut in plantations and live fences was 1.53 and 41.21 t C ha-1, respectively. . According 

to the present study soil organic carbon stock of Physic nut in plantations (49.80 t C ha-1) and live fences 

(65.94 t C ha-1) was not statistically significant different. Soil organic carbon of Physic nut in live fences was 

significantly different from near natural vegetation (44.94 t C ha-1). Similarly litter carbon stock of Physic nut 

in plantations (0.93 t C ha-1) and live fences (0.93 t C ha-1) was no significantly different. 

The expansion of Physic nut plantations in open land in Bati woreda and other similar climatic region of 

Ethiopia have great potential to sequestrate more carbon as well as restore the degraded land, although 

more long term research is warranted to evaluate biomass and carbon accumulation of Physic nut

plantations over time. 
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