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ABSTRACT  

Biological interactions that involve the capture of the ever increasing levels of carbon dioxide in forest 

ecosystems have drawn global attentions to carbon accounting. In the present study the desirable predictor 

variable in carbon accounting was established in Pseudolachnostylis maprouneifolia Pax. Twenty   one   trees   

of   P. maprouneifolia Pax with diameter at breast height (DBH) from 5.7 to 14.7 cm and total height (H) 

between 300 cm to 672 cm were destructively sampled from Miombo woodland of Ilunde in Tanzania. 

Regression analysis was carried out by using DBH and H as predictor variables. The best fit allometric models 

in stems and branches were obtained when both H and DBH were used as predictor variables with coefficient of 

determination values (R2) of 0.99 and 0.79 at P < 0.05, on the contrary, in leaves and/or twigs the best fit 

allometric model had R2 of 0.96 when DBH was the only predictor variable.In P. maprouneifolia Pax. 

measurement of both DBH and H is recommended for reliable carbon inventory in the Central Zambezian 

Miombo woodlands under the specified tree dimensions. 

Keywords: branches, leaves, predictor, Pseudolachnostylis maprouneifolia, stem, twigs, variable. 

INTRODUCTION 

Miombo woodlands like other forest ecosystems are important carbon sinks and reduce emissions of 

carbon dioxide which accounts for nearly half of the atmospheric warming, through photosynthesis [1, 

2]. Main miombo genera (Brachystegia, Julbernadia and Isoberlinia) and miombo associates such as 

Pseudolachnostylis maprouneifolia Pax., Pterocarpus angolensis DC. and Parinari curatellifolia 

Planch. ex Benth. comprise 95-98% of the above-ground biomass, while grasses and herbs make up 

the remaining portion [3]. That is why main efforts on biomass estimation to date have paid attention 

to the above-ground tree components (foliage and/or leaves, branches and stem) because they account 

for the greatest fraction of total biomass density. Miombo woodlands have carbon densities ranging 

between 15 and 100 t C ha
-1

 in woody biomass [4]. Pseudolachnostylis maprouneifolia Pax. is among 

the most abundant miombo associates and efficient in carbon storage [5, 6, 7, 8]. 

In the tropics much attention has been placed on developing generalised biomass allometric models 

for carbon accounting [9, 10]. However, the use of generalized equations can lead to a bias in 

estimating biomass for a particular species [11, 12, 13], hence the need to develop species-specific 

allometric models. Development of these equations for different forests/vegetation types requires 

destructive sampling. However, once developed, biomass allometric models are effective in 
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estimating above-ground biomass so is quantification of carbon over large areas of forests without 

further destruction of vegetation.  

So far species-specific allometric models for miombo-defining species include that of Brachystegia 

spiciformis Benth. and Brachystegia boehmii Taub. [14, 15]. It is evident that allometric models 

developed so far to estimate carbon sequestered in biomass for miombo woodland species have 

targeted only a few species especially for the non-miombo defining species such as 

Pseudolachnostylis maprouneifolia Pax, Pterocarpus angolensis DC. and Parinari curatellifolia 

Planch. ex Benth.. 

 In developing allometric models, regression functions are developed from which biomass hence 

carbon can be predicted using easily measurable variables such as tree height and diameter [16]. It 

follows that, some equations use DBH as a predictor variable or H  as a predictor variable, while 

others use both DBH and H as predictor variables. 

Thus, the objective of this study was to investigate the suitable predictor variable in estimation of 

carbon using DBH and H as predictor variables and relating them with leaves and/or foliage, branches 

and stem of Pseudolachnostylis maprounefolia Pax. 

METHODOLOGY 

The Study Area 

The study was confined to forested ecosystem of Ilunde which is located between latitudes 5º 00 and 

6º 00 S, and longitudes 30º and 31º E in the Western Tanzania (Figure 1).  

 

 

Figure1. Location of the study area 
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The area is characterized by tropical rainy climate and receives modest amount of rainfall varying 

from 900-1050 mm and experiences one long wet season lasting from November to May and one long 

dry season [17]. Vegetation typology of the study area was once characterized by pristine forests of 

miombo woodlands [18]. Ilunde forest has been facing anthropogenic pressure despite of the slogan 

seen in Figure 2 (‘ACHA KUKATA MITI WEWE, ACHA KUCHOMA MOTO WEWE, ACHA 

KUINGIZA MIFUGO WEWE’ meaning DON’T CUT TREES, DON’T START FIRE, DON’T 

GRAZE IN’). 

Tree Sampling 

A total of 21 trees with DBH and H ranging between 5.7 cm and 14.7 cm, 300cm and 672 cm, 

respectively were destructively sampled, randomly as recommended by [19] and [20] for development 

of biomass allometric models. Sampling was restricted to trees with that DBH and H ranges based on 

sizes of trees that were encountered in the field. The selected trees were measured of their DBH and 

total heights, then felled at 0.3 m above the ground as recommended by [2]. 

The felled trees were then divided into stems, branches, leaves and twigs. The stems were cut into 

sections of 1 to 2 m billets depending on their length (Figure 3), as recommended by [19]. The 

components were weighed separately in the field for green weight (Figure 4). Wood discs of 2 cm 

thick were cut from the middle part of different sections of the stem and branches. The samples were 

weighed immediately to determine the sub-sample green weight and labelled. Sub-samples of twigs 

and leaves of 50 g were collected from each tree. Prior to transportation, the collected discs and leaves 

were air-dried to prevent rotting (see Figure 5). All samples were transported to the Botany laboratory 

of the University of Dar es Salaam for determination of biomass and ultimately carbon.  

 
Figure2. Slogan on forest conservation 

 
Figure3. Billets of P. maprouneifolia Pax. 

 
Figure4. Weighing of billet in the field 

 
Figure5. In situ air-drying of tree discs  
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Sample Treatment 

The twigs and leaves were oven dried to constant weight at 70ºC as recommended by [14]. On the 

other hand, sub-samples from stems and branches were oven dried at 105ºC to constant weight so as 

to obtain oven-dry weight in accordance with [21]. Biomass ratio was calculated as a ratio between 

the oven-dry weight and sub-sample green weight. 

Biomass ratio = 

weightgreensampleSub

weightdryovensampleSub

 

Biomass = Biomass ratio x Field green weight (kg tree
-1

) [19] 

Carbon in tree (kg tree
-1

) = Biomass x 0.5   

Tree carbon was estimated as 50% of the biomass [2, 22].  

In this study, above-ground carbon (kg) was used as a dependent variable, while DBH (cm) and H 

(cm) were used as independent variables. The calculated carbon for each tree component was 

regressed against tree DBH and H to develop above-ground carbon allometric models. Regression 

equations were developed from data obtained from 21 trees that were destructively sampled using 

steps outlined in Excel Microsoft Windows version 2007. 

Linear regression was performed on the dependent and independent variables. Scatter plots were 

generated for all variables using the original variables initially, then with all variables transformed. 

Using raw data and logarithmically transformed data, carbon was first modelled as a linear function 

for each predictor variable. The equations were obtained through simple and multiple linear 

regression analysis, after testing for co-linearity between the selected variables. The data were 

logarithmically transformed so as to equalize the variances over the whole range of carbon values, 

which is a condition required for linear regression, enabling the use of parametric statistical analyses 

[23].  

Finally, logarithmic units were converted to arithmetic units to obtain the reliable carbon content in 

accordance with [24]. In the present study, the criteria used to select the best fit models were: highest 

coefficient of determination (R
2
), lowest standard error (SE) of Y estimated values [19]. Besides, 

overall higher F-value at 95% confidence level was considered for upgrading of the best fit models 

[25]. 

The following are the general forms of functions that were fitted to the collected data as recommended 

by [26]: 

1. Y = a + b DBH 2. Y = a + b DBH + c H 

3. Ln (Y) = a + b Ln DBH      4. Ln (Y) = a + b Ln DBH + c Ln (H) 

Where: 

Y = Carbon (kg tree
-1

 component) 

DBH = Diameter at Breast Height (cm) 

H = Total tree height (cm) 

a, b and c = regression coefficients        

 b and c correspond to DBH and H value for multiple ranges 

a = Y-intercept which is a constant  
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RESULT& DISCUSSION 

Results 

The allometric models for prediction of carbon in the components of Pseudolachnostylis 

maprouneifolia Pax. are shown in Table 1.  All six models developed explained well the relationship 

between tree carbon and the predictor variables (DBH and H) with the coefficient of determination, 

standard error and F-value ranging from 0.40 to 0.99, 0.05 to 3.37 and 12.88 to 1101.34, respectively.  

The best fit allometric models that were developed to estimate stem and branch carbon in 

Pseudolachnostylis maprouneifolia Pax. were obtained when using DBH and H as predictor variables. 

However, the best fit model in estimation of leaves and twigs carbon used only DBH as a predictor 

variable. In the studied species, stem explained 99% of the variation in carbon content, while the 

branches, and leaves and twigs accounted for 79% and 96% of carbon respectively.  

Table1.  Allometric Models and their Goodness of Fit for Estimation of Above-ground Carbon of Stem, Branch, 

and Twigs and Leaves in P. maprouneifolia Pax 

Part Model Allometric relationship R
2
 SE F-value 

Stem 1 Y = -8.351 + 1.676 DBH + 0.004 H 0.97 0.64 427.16 

 2* Y = -3.547 DBH1.817 H0.265 0.99 0.05 1101.34 

 3 Y = -7.424 + 1.775 DBH 0.97 0.71 695.33 

 4 Y = -2.227 DBH1.961 0.98 0.07 1082.66 

 5 Y = -4.416 + 0.025 H 0.40 3.37 12.88 

 6 Y = -7.250 H1.489 0.46 0.38 15.91 

Branches 1 Y = -5.313 + 0.421 DBH + 0.009 H 0.76 1.07 27.86 

 2* .Y = -9.129 DBH1.445 + H1.117 0.79 0.30 34.15 

 3 Y = -3.000 + 0.669 DBH 0.60 1.33 27.98 

 4 Y = -3.561 DBH2.049 0.68 0.36 41.76 

 5 Y = -4.324 + 0.015 H 0.59 1.33 28.38 

 6 Y = -12.074 H2.091 0.57 0.42 25.65 

Twigs 

and/or 

leaves 

1 Y = -1.557 + 0.285 DBH + 0.001 H 0.95 0.17 183.54 

 2 Y = -5.724 DBH1.879 H0.312 0.97 0.10 258.73 

 3 Y = -1.308 + 0.311 DBH 0.93 0.19 296.23 

 4* Y = -4.169 DBH2.047 0.96 0.12 403.99 

 5 Y = -0.889 + 0.004 H 0.43 0.59 14.46 

 6 Y = -9.552 H1.578 0.45 0.41 15.91 

 Asterick (*) = best fit model 

The best fit allometric model for total above-ground carbon in P. maprouneifolia was obtained using 

both DBH and H as predictor variables (Table 2). 

Table 2.  Allometric Models and their Goodness of Fit for Estimation of Total Tree Above-ground Carbon in P. 

maprouneifolia Pax. 

Model Allometric relationship R
2
 SE F-value 

1 Y = -15.221 + 2.382 DBH + 0.014 H 0.95 1.58 175.05 

2* Y = -4.366 DBH1.746 H0.489 0.97 0.09 349.31 

3 Y = -11.733 + 2.755 DBH 0.91 1.99 212.70 

4 Y = -1.926 DBH2.011 0.95 0.13 334.79 

5 Y = -9.629 + 0.045 H 0.49 4.94 18.70 

6 Y = -7.925 H1.66f6 0.52 0.38 20.74 

DISCUSSION 

The results of this study show the usefulness of total height and diameter at breast height in estimation 

of total tree, stem and branches carbon in Pseudolachnostylis maprouneifolia Pax, with R
2
 values of 

0.97, 0.99 and 0.79 respectively, all at P < 0.05. This implies that both height and diameter at breast 
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height contribute substantially to the stock of carbon in Pseudolachnostylis maprouneifolia Pax.  

The relationship between total and components (stem and branches) carbon, and the DBH and H 

obtained in the present study is in agreement to that reported in semi-arid Rangeland of Ethiopia by 

[27]. The analogy that exists among specific allometric models on the predictor variable(s) regardless 

of the ecosystems concerned could be answered by allometry.   

On the contrary, the best fit allometric model in estimation of leaves and twigs carbon used only DBH 

as a predictor variable. This suggests a linear relation that exists between leaves and/or twigs and girth 

of the tree stem. In a study carried out in Hawaiian woody plants, it was reported that allometric 

models in foliage and wood relied only on DBH [28].  

Inclusion of height as a predictor variable in Pseudolachnostylis maprouneifolia branch carbon 

allometric model resulted into large coefficient of determination. It was observed that in P.  

maprouneifolia inclusion of total height improved the model by 1%, 11% and 1% for stem, branches 

and leaves and/or twigs respectively. Low coefficient of determination in branch carbon and 

improvement in the fitness of above-ground carbon allometric models by including total height as a 

predictor variable is in agreement with [29], whereby inclusion of total height as a predictor variable 

improved the model by 0.5-2%. 

CONCLUSION 

Estimation of leafy carbon in P.maprouneifolia Pax. could be precisely accomplished by 

measurement of DBH only. However, it would be illogical to exclude stem and branch in 

carbon inventory. Thus, both diameter at breast height and total height are suitable variables 

in accounting carbon in P. maprouneifolia Pax. There is a need to investigate the power of 

predictor variables of more plant species in estimation of carbon so as to precisely comply with the 

emerging carbon credit market mechanism.  
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