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ABSTRACT 
 

The amount of environmental issues related to the loss of forest cover resulting from 
anthropogenic perturbations leading to low levels of production, and in consequence, 
intensification and increased deforestation are serious concerns in Ghana, especially in the 
Savanna Agro-ecological zones. The actual study was, however, carried out in Kenikeni, 
Sinsablegbinni and Klupene forest reserves. Using a randomly laid numbered 1 km x 1 km grid, 
which was sub-divided into sixteen sub-plots of 25 m x 25 m, the Nested Plot Design was 
employed in demarcating zones in each forest reserve for the study. In general, five plots were 
selected to constitute the Nested Plot in each reserve. Overall, the results showed that necromass 
C stock was in the order of Klupene forest (0.291 Mg C/ha) > Sinsablegbinni (0.136 Mg C/ha) > 
Kenikeni (0.090 Mg C/ha). The differences in necromass C stock among the various forests 
showed that the accumulation of necromass was higher in Klupene forest. 
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1. INTRODUCTION 
 
The Dictionary of Plant Sciences [1] defines 
Necromass as the mass of dead timber in a 
forest or the mass of dead plant material lying as 
litter on the ground surface. It is also the weight 
of dead organisms, usually expressed per unit of 
land or volume of water. The term is sometimes 
used to include the dead parts of living 
organisms, e.g. the bark and heartwood of trees. 
Soils with abundant necromass promotes 
biological activity and helps protect such soils 
from wind, rain and extremes of temperature. In 
forest ecosystems soil temperature influences 
organic decomposition, evolution or emission of 
CO2 from soil respiration and the microbial 
transformation of nitrogen [2,3] and sulphur [4]. 
The area of surface covered by litter and 
canopies of plants has strong influence on soil 
temperature [2,3]. Changes in land use and 
cover, management and plant productivity may 
influence the biomass, structure, and functional 
processes of soil microorganisms through 
modification of the quantity and types of organic 
matter inputs [5,6]. Currently studies on carbon 
stocks (mainly on vegetation or above ground 
carbon, necromass etc.) are concentrated in the 
High Forest Zone of Ghana. However, quality 
data on the soil, vegetation and dead material 
carbon stocks in the Savanna (which forms two-
thirds of Ghana’s landmass) are lacking, with the 
Guinea Savanna zone, in particular, being an 
area that is starved of quality data on climate 
change. It is, thus, important to understand the 
dynamics of soil carbon as well as its role in 
terrestrial ecosystem carbon balance and the 
global carbon cycle. The objective of this study 
was, therefore, to determine the necromass 
carbon stock in three selected forest reserves in 
the Guinea Savanna agro-ecological zone of 
Ghana. 
 

2. MATERIALS AND METHODS 
 

2.1 Description of Study Areas 
 
The study was carried out at the Kenikeni, 
Sinsablegbinni, and Klupene forest reserves in 
the Guinea Savanna Agro-ecological Zone of 
Ghana. The Guinea savanna is restricted to the 
northern portion of Ghana. Thus, all the three 
forest reserves are in the Northern Region of 
Ghana. The Kenikeni site is located in the Bole 
forest District (Bole Political District in the 
Northern Region). It lies between Longitude 1° 

53' and 2° 30' West and Latitude 9° 06' and 9° 
20' North with an area of 515.98 km

2
 and 122.92 

km as its perimeter. The vegetation is mainly 
woodland savanna composed of isolated 
medium height trees and relatively tall grass 
undergrowth. Trees crowns rarely overlap and 
deciduousness is characteristic of tree species in 
this Guinean savanna zone [7]. The soils are 
quite fertile and capable of supporting a large 
variety of crops. Tree density varies throughout 
the forest reserve, with dense clusters in lowland 
and riparian portions. The Sinsablegbinni forest 
reserve is in the Tamale Forest District (in the 
Tamale Metropolis). It stretches from Latitude 
9°26' to 9°33' North and from Longitude 0°

 
32' to 

0°45' West. It has generally a flat topography 
characterized by sub-surface hardpans. The 
vegetation is mainly woodland savanna 
composed of isolated medium height trees with 
short grass undergrowth. The Klupene forest 
reserve is in the Yendi forest District (Yendi 
Municipality) (Fig. 1). It lies between Latitude 9

°
 

27' to 9° 29' North and on Longitude 0° 00' to 0
°
 

15' West in the Yendi forest district (Yendi 
Municipality). It comprises partly of a natural 
forest and a plantation stand. The vegetation is 
mainly woodland savanna composed of isolated 
medium height trees and relatively tall grass 
undergrowth. 
 
It covers almost two-thirds of the country with an 
approximate area of 147,900 km

2
. It is the largest 

ecological zone and is characterized by a 
monomodal or unimodal rainfall pattern spanning 
5-6 months with a period of 6-7 months of 
pronounced drought in a year. Average annual 
rainfall, temperature, relative humidity, wind 
speed, sunshine hours and solar radiation are 
1,033 mm, 28.1°C, 61%, 138 km/day, 7.3 hours 
and 19.6 MJ/m

2
/day respectively. Potential 

evaporation is 1720 mm per annum and the 
annual aridity index is 0.60 [8]. 
 

2.2 Plot Lay-out and Sampling Design 
   
The Nested Plot Design [9] was adopted as the 
plot design for the three forest reserves. To 
achieve this, in each stratum (forest district), a 
numbered 1 km x 1 km grid was constructed 
after which a transparent map of each forest 
reserve was superimposed. The intersection of 
the 1 km x 1 km was numbered sequentially and 
randomly selected. This selected grid (longitude 
and latitude) constituted the starting point or 
point of commencement of each of the one 



Fig. 1. Map of the Northern Region showing the l

hectare plot. The randomly laid one
(100 m x 100 m) in each forest reserve was sub
divided into sixteen sub-plots (25 m x 25 m). Five 
sub-plots were selected to constitute the Nested 
Plot Design (Fig. 2) [9]. 
 

 

Fig. 2. Simple representation of experimental 
plot Lay-out 
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Map of the Northern Region showing the locations of the five forest reserves
 

plot. The randomly laid one-hectare plot 
(100 m x 100 m) in each forest reserve was sub-

plots (25 m x 25 m). Five 
plots were selected to constitute the Nested 

 

Simple representation of experimental 

2.3 Non-tree Vegetation and 
Carbon Stock 

 
The non-tree vegetation (shoots and roots of the 
grass vegetation) and surface litter (necromass) 
in the five 1 m x 1 m quadrats were collected 
their fresh mass weighed in the field, using digital 
weighing scale. Samples were taken for oven 
drying at 75°C to constant mass [10]. The dry 
mass of the samples were calculated as:
 

��� �
���

���

� ��� �
10000

�
         

 
Where ���  (Mg ha

-1
) is either litter or non

biomass, ��� (g) is sample dry mass, 

sample fresh mass, ��� (Mg) is total fresh mass 

of either the litter or non-tree in the quadrat and 
A (m

2
) is the size of the quadrat. The carbon 

content values given by [11] as 0.4748, 0.3746 
and 0.2998 for wood, herbs and litter, 
respectively, were used to convert the tree, non
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tree (grass) and litter biomass to the 
corresponding carbon biomass. 
 

2.4 Statistical Analyses 
 
Data obtained (from soil, vegetation and 
necromass) were analysed using Genstat 
statistical package (12th

 
edition). Treatment 

means compared using ANOVA and LSD at 5% 
level of probability. 
 

3. RESULTS AND DISCUSSION 
 
Measured necromass carbon stock (NCS)            
across the three study sites are                            
presented in Figs. 3 and 4. In this study, 
necromass included both standing and fallen 
dead plants. During the 12-month sampling 
period, the minimum and maximum values of 
NCS in all three stands differed by factors of 0.09 
Mg C ha

-1
 at Kenikeni and 0.29 Mg C ha

-1 
at

 

Klupene.  
 
The high proportion of NCS in the Klupene forest 
relative to those of Kenikeni and Sinsablegbinni 
may well have arisen as a result of three 
interacting factors, viz., the high density of dead 
plant materials produced in the system due to the 
intensified removal of trees, short life-span of 
plants, especially, grasses, and the relatively 
slow decomposition rate of dead plant materials 

than in the other forests. The slow decomposition 
rate could possibly have been the result of a 
myriad of factors including climatic conditions, 
species composition, successional stage and soil 
fertility [12]. Thus, the difference in the 
regeneration rate over the degradation rate, 
coupled with the high density of dead plants 
could be responsible for the significant rate of 
accumulation of necromass at Klupene. 
However, these measurements of necromass are 
inconsistent with literature values for moist 
tropical forests, since the proportion of carbon in 
necromass to total carbon in tropical forests 
range from 2% to 40% [13,14]. For instance, the 
proportion of aboveground necromass to 
aboveground biomass in different moist tropical 
forests were in the order of 2–18% in                   
Venezuela [15], 33% at the wet forest at La 
Selva in Costa Rica [16], and 18% [17] to 33% 
[18] at the Tapajos National Forest in Brazil. 
Consequently, measurements of fallen coarse 
necromass in undisturbed forests in terra firma in 
Brazil recorded 48.0 Mg C ha

-1
 [18] and 42.8 Mg 

C/ha [19] for the upper limit, 27.6 Mg C ha
-1

 [17], 
15 Mg C ha

-1
 [20], and 16.5 Mg C ha

-1
 [21] in the 

middle, and 9.5 Mg C ha
-1

 [22] and 5.8 Mg C ha
-1 

[23] on the lower limit. In the floodplains of the 
Amazon, necromass was 1.8–5.7 Mg C/ha [24]. 
Similar to this study, other studies [17,21,25,26] 
have examined necromass in secondary forests 
and logged forests. 

 

 
 

Fig. 3. Necromass carbon stock in the three forest reserves 
 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Ken Sin Klu

C
-S

to
c
k

 (
M

g
 C

 h
a

-1
)

Forest reserves



 
 
 
 

Djagbletey et al.; ACRI, 5(1): 1-7, 2016; Article no. ACRI.27761 
 
 

 
5 
 

 
 

Fig. 4. Trend of necromass carbon stock in the three forest reserves 
 

It is worthy to note that, the variations in                     
NCS among the different sites are not simply     
due to changes in total biomass, even                     
though there were significant differences in the 
biomass. The site distribution of NCS                
may then principally relate to the potential of 
plant biomass decomposition in the various 
forests. Hence, the slow rate of decomposition, 
compared to regeneration, may be responsible 
for the accumulation of necromass, as   
discussed above. Conversely, the rate of 
decomposition was measured in this study, and 
therefore, awaits confirmation from future 
studies. The measurements revealed marked 
temporal variations in NCS (Fig. 4) within and 
among the various study sites. Measurements in 
the first quarter (June – August), which we could 
observe through the major rainy season, 
revealed that NCS was high in Klupene and 
Kenikeni forests, but low in Sinsablegbinni. The 
distribution pattern of NCS in Klupene and 
Kenikeni forests with time followed a similar 
trend, wherein, NCS decreased towards the 
dormant (drier) seasons. Thus, soil moisture 
content had a pronounced influence on NCS, 
however, the effects of soil moisture content 
seemed to differ with location as shown in Fig. 4. 
For instance, NCS was low in the first quarter, 
but had the highest peak in the short dry period. 
This implies that there might have been more 
nutrient release during the dry season than 
during the wetter period, probably due to an 
increase in decomposing soil fauna in the drier 
periods [26]. On the other hand, the reduction in 
NCS towards the dry season in Klupene and 

Kenikeni might be explained by rapid 
decomposition processes in the hot weather 
during the dry season.  
 
The distribution pattern in Sinsablegbinni 
followed an undefined (zig zag) pattern with 
significant peaks in the second and fourth 
quarters of the sampling period. Thus, seasonal 
maximum NCS for Klupene and Kenikeni forests 
were measured in the first quarter, whereas, that 
of Sinsablegbinni was in the second quarter. In 
spite of the differences in the distribution pattern 
of NCS in Kenikeni and Sinsablegbinni, the 
seasonal minimum in both forests were recorded 
in the third quarter (December – February), 
which represents the major dry season of the 
year. However, the seasonal minimum for 
Klupene was observed in the fourth quarter 
(March – May), which marked the transition from 
the dry season to the major rainy season. In 
general, seasonal peaks of NCS were observed 
in June – August for Klupene and Kenikeni, and 
September – November for Sinsablegbinni, and 
minima in March – May for Klupene, and 
December – February for Kenikeni and 
Sinsablegbinni. The trend of temporal variation of 
NCS was smooth in Klupene and Kenikeni 
forests, but noisy (random) in the Sinsablegbinni 
forest. This indicates that the seasonal minima 
and maxima in NCS of the three forests did not 
occur simultaneously. Relatively, seasonality in 
grass C stock was less pronounced than in NCS 
in all the three forests. Although maxima and 
minima did not occur synchronously in the three 
stands, NCS tended to be less at the end of the 
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relatively dry period in August than after the 
wetter period in June. 
 

4. CONCLUSIONS 
 
High proportion of necromass C stock was found 
in the Klupene forest relative to those of Kenikeni 
and Sinsablegbinni forest reserves, which was 
probably due to the high density of dead plants in 
the Klupene forest and high amount of incident 
solar radiation. This partly indicates the potential 
of the carbon sink of the Klupene forest. The 
variation of necromass C stock among the 
various forests showed that the accumulation of 
necromass was higher in the degraded forest. 
The pattern of distribution could potentially be 
indirectly explained by soil respiration which is 
temperature dependent. Further work should 
consider decoupling the factors controlling C 
dynamics for a better understanding of the 
mechanisms driving age and management-
related patterns of C stock, the changes in 
species composition and nutritional properties 
and for improving the ability to model in carbon 
cycles in these critical biome. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Allaby M. Dictionary of plant sciences. 

Oxford University Press; 1998. 
Available:Encyclopedia.com, 
http://www.encyclopedia.com   
(Accessed: 29 June 2016) 

2. Paul KI, Polglase PJ, Richards GP. 
Sensitivity analysis of predicted change in 
soil carbon following afforestation. 
Ecological Modelling. 2003;164:137-152.  

3. Paul KI, Polglase PJ. Prediction of 
decomposition of litter under eucalypts and 
pines using the Full-CAM model. Forest 
Ecology and Management. 2004;191:73-
92.  

4. Strickland TC, Fitzgerald JW. Formation 
and mineralization of organic sulfur in 
forest soils. Biogeochemistry. 1984;1(1): 
79-95. 

5. Steenwerth KL, Jackson LE, Calderon FJ, 
Stromberg MR, Scow KM. Soil microbial 
community composition and land use 
history in cultivated and grassland 
ecosystems of coastal California. Soil 

Biology and Biochemistry. 2003;35:489-
500. 

6. Calderon J, Machado B, Navarro M, 
Carrizales L, Ortiz MD, Diaz-Barriga F. 
Influence of fluoride exposure on reaction 
time and visuospatial organization in 
children. Epidemiology. 2000;11(4):S153. 

7. Wagner MR, Cobbinah JR, Bosu PP. 
Forest entomology in West Africa: Forest 
insects of Ghana. Second Edition, 
Springer Science and Business Media BV. 
Dordrecht, The Netherlands. 2008;244. 

8. Environmental Protection Agency. National 
action programme to combat drought and 
desertification. Accra, Ghana; 2003. 

9. Pearson T, Brown S, Parveen A. Moore N. 
Use of aerial digital imagery to measure 
the impact of selective logging on carbon 
stocks of tropical forests in the Republic of 
Congo, Deliverable 9 to USAID, 
Cooperative Agreement No. EEM-A-00-03-
00006-00; 2005. 

10. Djagbletey GD. Impact of selective logging 
on plant diversity, natural recovery and 
vegetation carbon stock: The case of 
Bobiri forest reserve. PhD. Thesis. College 
of Agriculture and Natural Resources 
(CANR), Kwame Nkrumah University of 
Science and Technology (KNUST), 
Kumasi-Ghana; 2015. 

11. Adu-Bredu S, Abekoe MK, Tachie-Obeng 
E, Tschakert P. Carbon stock under four 
land-use systems in three varied 
ecological zones in Ghana. In: Bombelli, A. 
and Valentini, R. (eds). Africa and the 
carbon cycle: Proceedings of the Open 
Science Conference on Africa and the 
Carbon Cycle: The CarboAfrica Project. 
Accra (Ghana) 25-27 November 2008. 
FAO World Soil Resources Report. 
2010;10:105-113. 

12. Averti I, Dominique N. Litterfall, 
accumulation and decomposition in forest 
groves established on savannah in the 
Plateau Teke, Central Africa. Journal of 
Environmental Science and Technology. 
2011;4(6):601-610. 

13. Edwards PJ, Grubb PJ. Studies of mineral 
cycling in mountain rainforest in New 
Guinea, I. The distribution of organic 
matter in the vegetation and soil. Journal 
of Ecology. 1977;65:943-969. 

14. Brown S. Estimating biomass and biomass 
change of tropical forests: A primer. United 
Nations Food and Agriculture 
Organization, Rome, Italy; 1997. 



 
 
 
 

Djagbletey et al.; ACRI, 5(1): 1-7, 2016; Article no. ACRI.27761 
 
 

 
7 
 

15. Delaney M, Brown S, Lugo AE, Torres-
Lezama A, Quintero NB. The quantity and 
turnover of dead wood in permanent forest 
plots is six life zones of Venezuela. 
Biotropica. 1998;30:2-11. 

16. Clark DB, Clark DA, Brown S, Oberbauer 
SF, Veldkamp E. Stocks and flows of 
coarse woody debris across a tropical rain 
forest nutrient and topography gradient. 
Forest Ecology and Management. 2002; 
164:237-248. 

17. Keller M, Palace M, Asner GP, Pereira R, 
Silva JNM. Coarse woody debris in 
undisturbed and logged forests in the 
eastern Brazilian Amazon. Global Change 
Biology. 2004;10:784-795. 

18. Rice AH, Pyle EH, Saleska SR, Hutyra L, 
Camargo PB, Portilho K, Marques DF, 
Palace M, Keller M, Wofsy SC. Carbon 
balance and vegetation dynamics in an 
old-growth Amazonian forest. Ecological 
Applications. 2004;14:55-71. 

19. Summers PM. Estoque, decomposicao, e 
nutrientes da liteira grossa em floresta de 
terra-firme, na Amazonia Central. Ciencias 
de florestas tropicais. Instituto Nacional de 
Pesquisas da Amazonia, Manaus, Brasil; 
1998. 

20. Brown IF, Martinelli LA, Thomas WW, 
Moreira MZ, Ferreira CAC, Victoria RA, 

Uncertainty in the biomass of Amazonian 
forests: An example from Rondonia, Brazil. 
Forest Ecology and Management. 1995; 
75:175-189. 

21. Gerwing JJ. Degradation of forests through 
logging and fire in the eastern Brazilian 
Amazon. Forest Ecology and 
Management. 2002;157:131-141. 

22. Martius C, Bandeira AG. Wood litter stocks 
in tropical moist forest in central Amazonia. 
Ecotropica. 1998;4:115-118. 

23. Scott DA, Proctor J, Thompson J. 
Ecological studies on a lowland evergreen 
rain forest on Maraca Island, Roraima, 
Brazil. II. Litter and nutrient cycling. 
Journal of Ecology. 1992;80:705-717. 

24. Martius C. Decomposition of wood. In: 
(W.J. Junk Ed.). The central Amazon 
floodplain. Ecology of a pulsing system. 
Ecological Studies, 126. Springer, New 
York, New York, USA. 1997;267-276. 

25. Uhl C, Buschbacher R, Serrao EAS. 
Abandoned pastures in eastern               
Amazonia. Journal of Ecology. 
1988;76:663-681. 

26. Palace M, Keller M, Asner GP, Silva JNM, 
Passos C. Necromass in undisturbed and 
logged forests in the Brazilian Amazon. 
Forest Ecology and Management. 2007; 
238:309-318. 

 

© 2016 Djagbletey et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/15549 


