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Abstract  Agroforestry has been recognized as one of the land use systems with a high potential for carbon sequestration. 

Our knowledge of this potential in tropical countries such as Tanzania is however limited. To improve understanding of this 

potential, a study was conducted in Kilombero district, where agroforestry is widely practiced. We surveyed ninety 

households’ farms 90 agroforestry farmlands with different agroforestry systems and practices. Based on the minimum 

household farm a plot of 0.125ha was used for tree measurements in all households. In each plot, all trees with a diameter ≥ 

5cm at breast height (DBH) were measured for diameter and height. Diameter tape and Suunto hypsometer were used to 

measure tree diameter and height respectively. Species-specific allometric models were used for specific trees and a general 

allometric model for trees without specific biomass models. Descriptive statistics using a Microsoft Excel spread sheet was 

used to summarize the data for central tendency and variability. A total of 37 agroforestry tree species from 16 families were 

recorded in the study area. Three agroforestry systems and four agroforestry practices with different potential for carbon 

sequestration and storage were identified including agrosilviculture, agrosilvopasture, silvopasture systems and home 

gardens, mixed intercropping, parkland and boundary planting practices. Agrosilvopasture sequestered the highest carbon of 

115.3 Mg C ha-1 followed by Silvopasture, 81.5 Mg C ha-1 and Agrosilviculture, 55.7 Mg C ha-1. Home gardens agroforestry 

practices sequestered the highest carbon of 185.79 Mg C ha-1 followed by Parkland 26.75 Mg C ha-1, Boundary planting, 

23.22 Mg C ha-1 and Mixed Intercropping, 17.79 Mg C ha-1. A fruit tree Mangifera indica contributed the highest carbon 

sequestration of all the tree species with 70.57 Mg C ha-1. It is concluded that Agrosilvopasture systems and home garden 

practices have more potential to sequester carbon than the rest of the systems and practices. Investment in Agro-silvopasture 

systems, home garden practices and fruit trees will play better a dual role of climate change mitigation and household food 

security with implications on the household economy.  
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1. Introduction 

Agroforestry (AF) has been considered as a viable 

alternative to prevent and mitigate climate change. AF has 

been used to mitigate climate change by preserving  

existing trees on farmland and/or increasing the plantation 

of short-rotation or fast-growing trees on farmland [15]. 

Mitigating climate change through increased carbon 

sequestration in the soil can particularly become useful, 

especially  when addressed in  combination with  other 
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challenges that affect people's livelihoods, such as reversing 

land degradation and ensuring food security [5,12]. 

Usually, potential carbon sequestration may occur in 

different land uses, including agricultural land use and 

forest land through improved land use management and 

conventions for land use [19]. The IPCC recognized that 

agroforestry systems and practices have a high potential  

for sequestering carbon under climate change mitigation 

strategies [15]. Carbon can be stored in agroforestry 

systems and practices both above and below ground 

biomass [34]. In that respect, agroforestry systems and 

practices accumulate more carbon than forest and pasture 

because they have both forestry and grassland sequestration 

and active storage patterns [43,48], but the sequestration 

potential of agroforestry depends on plant characteristics, 
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tree species, age, crop, biodiversity, and tree density. It is 

also affected by structural configuration and management 

factors such as fertilization, residuals, and harvesting 

regime. These factors, together with agroecological 

conditions as well as soil characteristics in the area where 

the agroforestry systems and practices are implemented, 

influence above and below-ground carbon sequestration 

[34,21,26,2]. According to [21], if agroforestry systems and 

practices are to be used for climate change mitigation 

through carbon sequestration, then better information is 

required about above and below-ground biomass and 

carbon stock. The aim of this study was to determine the 

carbon stock in different agroforestry systems and practices 

and also to determine which systems and practices have the 

best potential for long term carbon sequestration. 

2. Material and Methods 

2.1. Description of the Study Area 

The study was conducted in the Kilombero District, 

Cluster of the SAGCOT, which is located in Morogoro 

Region between 8°15'0" S and 36°25'0" E with elevation 

ranging from 262 m to 550 m above mean sea level (Figure 

1). Administratively, Kilombero District has five divisions, 

19 wards and 46 villages. The district is bounded on the north 

by Kilosa District, on the south by Ulanga District, on the 

west by Iringa Region, and on the east by Lindi Region [51]. 

The climate in the study area is marked by wet and dry 

seasons, which are further categorized into four sub-seasons, 

hot wet season from December to March, the cool wet season 

from April to June, the cool dry season from July to August, 

and the hot dry season from September to November. The 

area receives between 1200 and 1800 mm of rainfall per  

year, and temperatures range from 26 to 32°C [4]. Generally, 

land use is categorized as village land, reserved land and 

general land as defined in the Village Land Act 1999 [50]. 

Kilombero in Tanzania is considered one of the fertile spots 

and among the grain baskets of the country. The main 

economic activities in the area include cash crop cultivation, 

food crop cultivation, petty trading, and fishing in the 

Kilombero River [51]. Overall, cereals from the coast such 

as rice, millet and maize are widely grown. A number of food 

crops such as sweet potatoes, yams, ground nuts, melons, 

pumpkins, avocado, and cucumbers are also grown. These 

crops are grown in an agroforestry setting and rarely as 

monoculture as in the case of paddy rice. Tobacco is grown 

abundantly, sugar-cane, the castor oil plant, cocoa, and 

cotton are also cultivated [6]. According to the 2012 census, 

the population of Kilombero was 407 880, with 202 789 

males and 205 091 females [49]. This area is currently 

experiencing a doubling of the human population over the 

previous years. It has been demonstrated that within 

Tanzania, population growth results in environmental 

degradation [25]. The population increase is mainly caused 

by the great migration of farmers due to fertile land and 

livestock keepers due to the presence of greener pastures. 

 

Figure 1.  Location of the study area within Kilombero District 
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2.2. Methods 

Pre-visiting (reconnaissance survey) was conducted as a 

means to pre-test the inventory (data capture) tool. This was 

also conducted so as to familiarize with the study area and 

observe the nature of the agroforestry systems and practices. 

The research design for this study was cross-sectional as data 

was collected at once without repetitions. 

2.2.1. Sampling Procedure and Sample Size Determination 

Three villages were purposely selected based on the 

presence of agroforestry systems and practices. A random 

sampling procedure was adopted for selecting households 

with agroforestry systems and practices where the village 

registers were used as a sampling frame. For the forestry 

inventory in the farmlands, a systematic sampling procedure 

was adopted. The average size of farmlands (household  

land parcels) was 0.18ha (±0.016 SE). Therefore, a plot of 

0.125 ha was adopted for farmland greater than 2ha. For the 

farmland with an area less than 2ha, the whole farm was 

considered a plot [9]. A total of 30 plots (households) were 

established in each village making a total of 90 households, 

selected randomly from the three villages. A minimum of 

thirty (30) sampling units have been established to be 

adequate for statistical inferences [3,42,27,32]. 

2.2.2. Data Collection 

At each sampling plot, all trees with minimum diameter  

at breast height (DBH) greater or equal to 5 cm were 

identified and measured for diameter and height but Cacao 

(Theobroma cacao) diameter were measured at 0.3m [28,55]. 

Tree DBH was measured using diameter tape and tree height 

was measured using Suunto hypsometer.  

2.2.3. Data Analysis 

Table 1.  Allometric Models used for computation of Biomass for different 
tree species 

Tectona grandis   

AGB 0.3356×D2.1651 (1) 

BGB 0.0279×D1.7430×H0.7689 (2) 

Theobroma cacao   

AGB 0.1208×d1.98 (3) 

BGB AGB×0.25 (4) 

Cocos nucifera   

AGB 3.7964×H1.8130 (5) 

BGB 13.5961×H0.6635 (6) 

Anacardium occidentale   

AGB 0.3152×D1.7722×H0.5003 (7) 

BGB AGB×0.25 (8) 

Other trees   

AGB 0.051×(D2×H)0.93 (9) 

BGB AGB×0.25 (10) 

Where  

ABG: Above ground biomass, BGB: Below ground biomass, D: DBH 

(Diameter at 1.3m) d: diameter at 0.3m above the ground and H: height of a tree. 

Information obtained from the biophysical survey, mainly 

inventory data, was recorded in Microsoft Excel for biomass 

calculation and carbon estimation. The data were analysed 

on the basis of systems and practices separately. Allometric 

equations were used to convert the field measurement 

attributes, mainly height and diameter, into stand biomass. 

Species-specific allometric models were used for trees a 

general allometric model was used for trees without specific 

equations. Most of these models have been developed    

for Tanzanian tree species and vegetation types (Table 1) 

[54,53,16,30,52,17]. Carbon stock was computed as the 

product of total biomass and a factor of 0.5 [44,57,58]. 

3. Results and Discussion 

3.1. Results 

3.1.1. On Farm Trees and Carbon Stock 

A total of 37 tree species from 16 families were recorded 

in the study area. Mangifera indica sequestered the highest 

carbon stock of 70.57 Mg C ha-1 followed by Cocos nucifera 

68.01 Mg C ha-1. Theobroma cacao and Vitex doniana had 

the lowest carbon stock (Table 2). 

3.1.2. Carbon Stock in Different Agroforestry Systems and 

Practices 

Three agroforestry systems and four agroforestry practices 

with different potential for carbon sequestration and storage 

were identified including agrosilviculture, agrosilvopasture, 

silvopasture systems and home gardens, mixed intercropping, 

parkland and boundary planting practices. Agrosilvopasture 

sequestered the highest carbon of 115.3 Mg C ha-1 followed 

by Silvopasture, 81.5 Mg C ha-1 and Agrosilviculture, 55.7 

Mg C ha-1. Home gardens agroforestry practices sequestered 

the highest carbon of 185.79 Mg C ha-1 followed by parkland 

26.75 Mg C ha-1, boundary planting, 23.22 Mg C ha-1 and 

mixed Intercropping, 17.79 Mg C ha-1.  

 

Figure 2.  Carbon stock in different agroforestry systems 
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Table 2.  Tree species and carbon sequestration in Agroforestry Systems of 
Kilombero Tanzania  

Tree Species Local name 
Carbon stock 

(MgC/Ha) 
Notes 

Mangifera indica Mwembe 70.57 Ex 

Cocos nucifera Mnazi 68.01 Ex 

Percea americana Mparachichi 30.18 Ex 

Tectona grandis Mtiki 26.87 Ex 

Ficus stuhlmannii Mkuyu 15.79 Ind 

Citrus sinensis Mchungwa 8.66 Ex 

Elaeis guineensis Mchikichi 4.79 Ex 

Carica papaya Mpapai 4.13 Ex 

Bauhinia thonningii Msegese 3.71 Ex 

Annona murcata Mstafeli 2.59 Ex 

Senna siamea Mjohoropori 2.34 Ex 

Cedrella odorata Msedrela 2.24 Ex 

Sorindeia obtusifolia Mpilipili 1.53 Ind 

Psidium guajava Mpera 1.46 Ex 

Milicia excelsa Mvule 1.25 Ind 

Khaya anthotheca Mkangazi 1.06 Ind 

Anacardium occidentale Mkorosho 0.96 Ex 

Citrus lemon Mlimao 0.93 Ex 

Senna Spectabilis Mjohoro 0.92 Ex 

Azadirachta indica Mwarobaini 0.85 Ex 

Sclerocary abirrea Mng'ong'o 0.59 Ind 

Citrus reticulata Mchenza 0.57 Ex 

Artocarpus heterophyllus Mfenesi 0.52 Ex 

Averrhoa bilimbi Mbilimbi 0.47 Ex 

Delonix regia Mkirismasi 0.39 Ex 

Olea europeana Mzaituni 0.25 Ind 

Brachystegia boehmi Myombo 0.2 Ind 

Citrus autatiifolia Mndimu 0.19 Ex 

Syzygium cordatum Mnyonyo 0.18 Ind 

Cinnamomum zeilanicum Mdalasini 0.15 Ex 

Tamarindus indica Mkwaju 0.06 Ex 

Syzygium cumini Mzambarau 0.05 Ex 

Saraca asoca Mwashoki 0.04 Ex 

Terminalia aemula Mkulungu 0.03 Ind 

Annona squamosa Mtopetope 0.03 Ind 

Theobroma cacao Mkokoa 0.001 Ex 

Vitex doniana Mfuru 0.001 Ind 

Ind - Indigenous Sp 
   

Ex- Exotic Sp 
   

3.1.3. Carbon Stock in Different Agroforestry Practices  

Different practices contribute to biomass and carbon  

stock differently (Figure 3). The practice with the highest 

carbon sequestration was home gardening, which had  

185.79 Mg C ha-1, followed by parkland, which had 26.75 

Mg C ha-1, boundary, which had 23.22 Mg C ha-1, and mixed 

intercropping, which had 17.79 Mg C ha-1.  

 

Figure 3.  Carbon stock in different agroforestry practices 

3.2. Discussion 

3.2.1. Carbon Stock in Tree Species 

Mangifera indica had the highest amount of biomass 

carbon of 70.57 Mg C ha-1 followed by Cocos nucifera with 

68.01Mg C ha-1. The high amount of carbon in these species 

is explained by dominance as well as size (diameter at  

breast height). The species is grown for its fruits with 

increasing demand thus resulting in the species dominating 

the agricultural landscape. This is also true for palm and 

coconut trees which produce fruits and coconut juice 

respectively for both domestic and local market demand [29]. 

A study conducted in the Philippines on carbon sequestration 

revealed that Mangifera indica can sequester 100.71 Mg C 

ha-1 [20]. This is higher than the amount obtained in this 

study. In fact, [8] and [14] reported that DBH accounts for  

95% of the total biomass, and in this study, Mangifera indica 

presents biomass and carbon stock, which can be due to its 

average diameter and height. Other species, like Theobroma 

cacao and Vitex doniana, had less carbon stock due to their 

smaller average diameter and height. The number of 

occurrences of trees in the plots can also be used to justify 

the amount of carbon sequestered by a particular species [20]. 

The top trees with the highest biomass were tree species used 

for food (Cocos nucifera), fruits (Mangifera indica and 

Persea americana), timber production, (Tectona grandis) and 

one mostly used for shade (Ficus stuhlmannii). The variety 

of species documented and observed in this study, displays 

the potential for agroforestry to enhance the resilience of 

farmers to the present and future climate risks. For example, 

farmers in both villages maintain varieties of trees for timber, 

fruits, and animal fodder to support livestock during drought. 

A similar study conducted in Kenya showed that the majority 

of small holder farmers maintain trees not only for food 

support but also for soil and water conservation [11,40]. 

There was a variable distribution of tree species across 

different agroforests. High tree species diversity was found 

in home gardens where multipurpose trees for different uses 
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like animal fodder, shade, timber, and food are grown. For 

example, trees with a high frequency in the home garden 

were Mangifera indica, Cocos nucifera, Persea americana, 

Tectona grandis and Ficus stuhlmannii. Moreover, high 

economic value trees are widely spread in the farm 

lands/different agroforests. 

3.2.2. Carbon Stock in Agroforestry Systems 

Results from this study show that agrosilvopasture 

agroforestry system has high carbon sequestration over 

silvopasture and agrosilviculture systems. Silvopasture holds 

the second potential for carbon sequestration. In agroforestry 

systems, carbon is stored in both below and above-ground 

biomass. Studies in India have shown that different 

agroforestry systems have a sequestration potential of 68 - 

228 Mg C ha-1 [10,33], and these values may vary in 

different regions depending on biomass production. The 

integration of livestock and forests benefits both systems  

by reducing and offsetting greenhouse gas emissions from 

the agriculture sector. On the other hand, the presence     

of livestock lowers the animal’s emission level [35] by 

improving pasture quality, which can then reduce methane 

from enteric fermentation [7]. In addition, high carbon 

sequestration in agrosilvopasture is influenced by litter input 

on the soil surface [38]. The introduction of integrated crops, 

livestock, and forest systems enhances carbon sequestration 

due to the presence of different components that increase 

root volume and promote greater production of vegetal 

biomass [47]. In Kilombero, the silvopasture system 

presented the second potential for carbon storage of 81.5 Mg 

C ha-1. Geographic location, tree age, and management may 

as well influence the carbon stored by a system [34]. A study 

conducted in Latin America indicated that silvopasture 

systems can store about 0.31- 91.8 Mg C ha-1 [31]. This 

range reflects the heterogeneity of the silvopasture system, 

which differs in its design, species, and site conditions [31]. 

In some cases, species used in silvopasture are mostly 

consumed by animals as fodder, being either harvested or 

browsed by cattle. Therefore, standing biomass composed 

principally by branches and foliage remains low and 

sometimes leads to low carbon sequestration compared to 

other systems [31]. Agrosilviculture in Kilombero stores 

55.7 Mg C ha-1 which is less compared to other identified 

systems. A study by [33] pointed out that the amount of 

carbon stored in agrosilviculture depends highly on the age 

of a tree and the tree species available. For example, the 

agrosilviculture of Dalbergia sissoo of 11-year age is able to 

accumulate 48 - 52 Mg C ha-1 [36]. The carbon dynamic in 

agrosilviculture is described by different operations on trees, 

such as pruning and thinning that regulates the height and 

canopy cover of the trees. This study also revealed that the 

low amount of carbon in agrosilviculture may be the result of 

the small number of trees on the farm land, since too many 

trees may have a negative impact on crop production. 

3.2.3. Carbon Stock in Agroforestry Practices 

A number of studies have shown that agroforestry in the 

tropics has a higher carbon stock than any crop field or 

pasture [1,34]. The results indicate that the home garden 

leads in carbon sequestration with 185.79 Mg C ha-1. These 

results are highly influenced by the mixture of components 

of agroforestry, such as livestock, trees, and agricultural 

crops. In other ways, home gardens have been observed as a 

potential practice for carbon sequestration due to the fact that 

they sequester carbon above and below ground biomass, 

reduce fossil fuel burning by producing fuelwood that acts  

as a substitute, and reduces pressure on natural forest. 

Furthermore, there is no complete removal of biomass in the 

home gardens [13,23] increasing residual carbon in the 

system. Similarly, a study conducted in India shows that a 

home garden aged 12-17 years accumulates 55.8 - 162Mg  

C ha-1 [41]. According to a study on agroforestry practices 

conducted by [22], a home garden can sequester carbon at a 

rate of 68-228 Mg C ha-1 depending on species composition, 

soil, and climate. Mixed intercropping, which involves 

woody perennial and herbaceous crops, was observed to 

store 17.79 Mg C ha-1. The amount of carbon within the 

mixed intercropping is higher than that coming from the 

mono-cropping system due to the addition of a carbon pool 

in trees and increased soil carbon pool as a result of carbon 

input from litterfall and fine root turnover [37]. Mixed 

intercropping can store 121-125 Mg C ha-1 due to higher 

growth and assimilation rates [39]. Parkland practice was 

observed to store 26.75 Mg C ha-1. In parkland practice, 

unlike in mixed intercropping, trees were not arranged in 

accordance with crops but few trees were left on the cropland. 

A study conducted in Guinea showed that parkland   

carbon stock also ranged from 22 - 70.8 Mg C ha-1 [24]. 

Parkland agroforestry is very stable (long-standing) and  

has high carbon storage [46]. In boundary planting 

agroforestry practices, trees are planted purposely to mark 

farm boundaries or fencing. In this study, boundary planting 

agroforestry practice stored 23.22 Mg C ha-1. Boundary 

planting has a positive effect on soil characteristics, crop 

production, and carbon sequestration [1]. Furthermore, [18] 

indicated that boundary planting practices can have carbon 

storage ranging from 18.53 - 116.29 Mg C ha-1. Another 

study indicated a greater potential for carbon sequestration in 

boundary plantation of Populus deltoides and Eucalyptus 

hybrid [33]. In this study, carbon stock does not differ greatly 

from other studies, rather, the difference in the carbon stock 

can be explained by factors such as the allometric equations 

used, which could be a limitation resulting in large variation 

in such an estimate [45]. Non-removal of trees in the field 

could also be the source of the high amount of carbon  

stored by trees. In this study, many trees observed were for 

various purposes, such as food, fruits, shade, wind break,  

and boundary, hence they were maintained for a long time, 

resulting in a high amount of carbon stocks. 
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4. Conclusions 

Agroforestry systems and practices play an important role 

in climate change mitigation. This study concludes that there 

are benefits in terms of carbon sequestration from the 

implementation of agroforestry systems and practices. In this 

study, we also found that carbon storage is determined by the 

components of farmlands. Fruit trees were the most abundant 

trees, suggesting multipurpose uses and economic benefits. 

This combination makes trees on farms more permanent and 

a result of long-term carbon storage in large amounts due to 

the size growth of trees over long periods. Therefore, trees 

growing on the farm to meet local food and fuel needs 

concurrently contribute to global climate regulation needs. 

Agrosilvopasture systems and home garden practices are the 

best when it comes to climate change mitigation through 

carbon sequestration on the farm. Agrosilvopasture systems 

and home garden practices therefore have more potential to 

sequester carbon than the rest of the systems and practices. 

Investment in Agro-silvopasture systems, home garden 

practices and fruit trees will play better a dual role in  

climate change mitigation and household food security with 

implications on household economy. 

ACKNOWLEDGEMENTS 

The authors are grateful to Development Corridor 

Partnership (DCP) for funding this study. Second, we would 

like to thank the staff from the College of Forestry, Wildlife 

and Tourism at the Sokoine University of Agriculture    

for their total support. We would also like to extend our 

gratitude to Kilombero District agroforestry farmers for 

providing room for this study to be undertaken on their farms. 

We would like to thank Profs. Emmanuel Nzunda from SUA, 

Neil Burgess from WCMC and Mr. Peter Mzirai from SUA 

for their guidance and cooperation during all stages of the 

development of this article.  

 

REFERENCES 

[1] Albrecht, A. and Kandji, S. T., 2003. Carbon sequestration in 
tropical agroforestry systems. Agriculture Ecosystem and 
Environment, 99(1): 15 - 27. 

[2] Baah - Acheamfour, M., Chang, S. X., Bork, E. W. and 
Carlyle, C. N., 2017. The potential of agroforestry to reduce 
atmospheric greenhouse gases in Canada Insight from 
pairwise comparisons with traditional agriculture, data gaps 
and future research. The Forestry Chronicle, 93 (2): 180 - 
189. 

[3] Bailey, D. K., 1998. Method of Social Research. The free 
press Collier-Macmillan Publisher, London. p 478. 

[4] Balama, C., Augustino, S. and Makonda, F. B. S., 2016. 
Forestry adjacent household voices on their perceptions and 
adaptation strategies to climate change in Kilombero District 
Tanzania. Springer Plus, 5 (792): 1 - 21. 

[5] Batjes, N. H., 2004. Estimation of soil carbon gains upon 
improved management within croplands and grasslands of 
Africa. Environment, Development and Sustainability, 6: 133 
- 143.  

[6] Bergius, M., Benjaminsen, T., Maganga, F. and Buhaug, H., 
2020. Green economy, degradation narratives, and land-use 
conflicts in Tanzania. World Development, 129: 104 - 850. 

[7] Bernardi, R. E., de Jonge, I. K. and Holmgren, M., 2016. 
Trees improve forage quality and abundance in South 
American subtropical grasslands. Agriculture, Ecosystems 
and Environment, 232: 227 - 231. 

[8] Brown, S., 2002. Measuring carbon in forests: current status 
and future challenges. Environmental Pollution, 116 (3): 363 
- 372. 

[9] Charles, R., Munishi, P. and Nzunda, E., 2014. Agroforestry 
as a Resilient Strategy in Mitigating Climate Change in 
Mwanga District, Kilimanjaro, Tanzania. Global Journal of 
Biology, Agriculture and Health Sciences, 3 (2): 11 - 17. 

[10] Dixon, R. K., Brown, S., Houghton, R. A., Solomon, A. M. 
and Trexler, M. C., 1994. Carbon pools and fluxes of global 
forest ecosystems. Science, 263: 185-190. 

[11] Faye, M. D., Weber, J. C. and Abasse, T. A., 2011. Farmers’ 
preferences for tree functions and species in the West African 
Sahel. For Trees Livelihoods, 20: 113 - 136. 

[12] Feliciano, D., Ledo, A., Hiller, J. and Nayale, D. R., 2018. 
Which agroforestry option gives the greatest soil and above 
ground carbon benefit in different world region. Agriculture 
Ecosystem and Environment, 254: 117 - 129. 

[13] Gajaseni, J. and Gajaseni, N., 1999. Ecological rationalities of 
the traditional home garden system in the Chao Phraya Basin, 
Thailand. Agroforestry System. 46: 3 - 23. 

[14] Gibbs, H. K., Brown, S., Niles, J. O. and Foley, J. A., 2007. 
Monitoring and Estimating Tropical Forest Carbon Stocks: 
Making REDD a Reality. Environmental Research Letters, 
2(4): 1 - 13. 

[15] Gupta, A., Dhyani, S. K., Handa, A. K., Prasad, R., Alam, B., 
Rizvi, R. H., Gupta, G., Pandey, K. K. and Jain, A., 2013. 
Modeling analysis of potential carbon sequestration under 
existing agroforestry systems in three districts of Indo - 
gangetic plains in India. Agroforestry system, 87(3): 1129 – 
1146. 

[16] Hairiah, K., S., Dewi, F., Agus, S., Velarde, A., Ekadinata, S., 
Rahayu and Noordwijk, V. M., 2011. Measuring Carbon 
Stocks Across Land Use Systems. A Manual for World 
Agroforestry Centre (ICRAF), SEA Regional Office. Bogor, 
Indonesia. p 155. 

[17] Henry, M., Tittonell, P., Manlay, R., Bernoux, M., Albrecht, 
A. and Vanlauwe, B., 2009. Biodiversity, carbon stocks   
and sequestration potential in aboveground biomass in 
smallholder farming systems of western Kenya. Agriculture, 
Ecosystems and Environment, 129: 238 - 252. 

[18] Hooda, N., Gera, M., Andrasko, K., Sathaye, J. and Gupta, M. 
K., 2007. Community and farm forestry climate mitigation 
projects: case studies from Uttaranchal, India. Mitigation and 
Adaptation Strategies for Global Change 12: 1099 - 1130. 

[19] IPCC., 2000. Summary for Policymakers, Special Report   
on Land Use, Land Use Change and Forestry. Cambridge 



 International Journal of Agriculture and Forestry 2022, 12(1): 29-36 35 

 

 

University Press, Cambridge, UK p. 20. 

[20] Janiola, M. D. C. and Marin, A. R., 2016. Carbon 
sequestration potential of fruit trees plantation in southern 
Philippines. Journal of biodiversity and environmental 
science, 8 (5): 164 - 174. 

[21] Jose, S. and Bardhan, S., 2012. Agroforestry for biomass 
production and carbon sequestration. Agroforestry System, 
86: 105 - 111.  

[22] Kumar, A. and Sharma, M. P., 2015. Assessment of carbon 
stocks in forest and its implications on global climate changes. 
Journal of environmental science, 6 (12): 3548 - 3564. 

[23] Kumar, B. M., 2006. Carbon sequestrations potential of 
tropical home gardens. In Tropical home garden: A time 
tested example of sustainable agroforestry. (Edited by Kumar, 
B. M and Nair P. K. R). Netherlands. pp 185 - 204. 

[24] Luedeling, E. and Neufeldt, H., 2012. Carbon sequestration 
potential of parkland agroforestry in the Sahel. Climatic 
Change 115: 443 - 461. 

[25] Madulu, N. F., 2004. Assessment of linkages between 
population dynamics and environmental change in Tanzania. 
African Journal of Environmental Assessment and 
Management, 9: 88 - 102. 

[26] Marone, D., Poirier, V., Coyea, M., Olivier, A. and Munson, 
A. D., 2017. Carbon storage in agroforestry systems in the 
semi-arid zone of Niayes, Senegal. Agroforestry System, 
91(5): 941 - 954. 

[27] Mbeyale, G. E., 2009. The impact of institutional changes on 
the management of common pool resources in Pangani River 
Basin. A case study of Eastern Same Kilimanjaro, Tanzania. 
Dessertation for awards of doctor of philosophy at University 
of Dar es Salaam. Tanzania. p 307. 

[28] Mbobda, T., Bruno, R., Louis, Z., Valery, N. N., Boris, N., 
Glawdys, M. D. R., Roger, N. L. and Louis - paul, K. B., 2016. 
Plant Diversity and Carbon Storage Assessment in an African 
Protected Forest: A Case of the Eastern Part of the Dja 
Wildlife Reserve in Cameroon. Journal of Plant Sciences, 
4(5): 95 - 101. 

[29] Mitra, A., Biswas, S., Pal, N., Pramanick, P., Datta, U., 
Biswas, P. and Mitra, A., 2018. Biomass and Stored Carbon 
in the Above Ground Structures of Coconut tree. International 
Journal of basic and applied research, 8(2):60 - 65. 

[30] Ministry of Natural Resources and Tourism (MNRT)., 2015. 
National Forest Resources Monitoring and Assessment  
main results. Tanzania Forest Services, Ministry of Natural 
Resources and Tourism, Dar es Salaam, Tanzania. p 106. 

[31] Montagnini, F., Ibrahim, M. and Restrepo, E. M., 2013. 
Silvopastoral systems and climate change mitigation in Latin 
America. Silvopastoralism, 316(2): 3 - 16. 

[32] Mtongani, W. A.., Munishi, P. K. T., More, S. R. and 
Kashaigili, J. J., 2014. Local knowledge on the influence of 
land use land cover changes and conservation threats on avian 
community in the Kilombero Wetland. Open Journal of 
Ecology, 4: 723 - 731. 

[33] Murthy, I. K., Gupta, M., Tomar, S., Munsi, M., Tiwari,    
R., Hegde, G. T. and Ravindranath, N. H., 2013. Carbon 
sequestration potential in Agroforestry system in India. Earth 
science and Climate Change, 4 (131): 1 – 7. 

[34] Nair, P. K. R., Kumar, B. M. and Nair, V. D., 2009. 
Agroforestry as a strategy for carbon sequestration. Journal of 
Plant Nutrition and Soil Science, 172 (1): 10 - 23. 

[35] Nair, P. K. R., Tonucci, R. G., Garcia, R. and Nair, V. D., 
2011. Silvopasture and carbon sequestration with special 
reference to the Brazilian Savanna (Cerrado). In Kumar, B. M. 
and Nair, P. K. R (Editors). Carbon sequestration potential of 
agroforestry systems. Springer, Netherlands. pp 145 - 162. 

[36] Newaj, R. and Dhyani, S. K., 2008. Agroforestry for carbon 
sequestration: Scope and present status. Indian Journal of 
Agroforestry, 10(1): 1 - 9. 

[37] Oelbermann, M., 2002. Linking carbon inputs to sustainable 
agriculture in Canadian and Costa Rican agroforestry systems. 
Dissertation for Award of Degree of Doctor of Philosophy at 
University of Guelph, Canada. p 208. 

[38] Olson, K. R. and Al-Kaisi, M. M., 2015. The importance of 
soil sampling depth for accurate account of soil organic 
carbon sequestration, storage, retention and loss. Catena, 125: 
33 - 37. 

[39] Peichl, M., Thevathasan, N. V., Gordon, A. M., Huss, J.   
and Abohassan, R. A., 2006. Carbon sequestration potentials 
in temperate tree-based intercropping systems. Agroforestry 
systems, 66: 243 - 257. 

[40] Reppin, S., Kuyah, S., Neergaard. A., Oelofse, M. and 
Rosenstock, T. S., 2020. Contribution of agroforestry to 
climate change mitigation and livelihoods in Western Kenya. 
Agroforestry System, 94: 203 - 220. 

[41] Roshetko, M., Delaney, M., Hairiah, K. and Purnomosidhi, P., 
2002. Carbon stocks in Indonesian homegarden systems: Can 
smallholder systems be targeted for increased carbon storage? 
American Journal of Alternative Agriculture, 17(2): 125 - 
137. 

[42] Saunders, M., Lewis, P. and Thornhill, A., 2007. Research 
Methods for Business Students. 4th Edition, FT Prentice Hall, 
Harlow. p 624. 

[43] Sharrow, S. H. and Ismail, S., 2004. Carbon and nitrogen 
storage in agroforests, tree plantations, and pastures in 
western Oregon, USA Agroforestry. System, 60:123 - 130. 

[44] Shirima, D. D. and Munishi P. K. T., 2013. Aboveground 
carbon stocks in Kilombero Nature Reserve. Journal of 
Tanzania Association of foresters, 12:74 - 83. 

[45] Swai, G., Ndagalasi, H. J., Munishi, P. K. T. and Shirima,   
D. D., 2014. Carbon stock of Hanang mountain forest reserve, 
Tanzania: An implication for climate change mitigation. In 
Proceeding of the second climate change impacts mitigation 
and adaptation programme writer’s workshop. 20th - 21st 
February 2014. Morogoro, Tanzania. pp. 1-9. 

[46] Takimoto, A., 2007. Carbon sequestration potential of 
agroforestry systems in the West African Sahel: an 
assessment of biological and socioeconomic feasibility. 
Unpublished thesis submitted in fulfilments of the 
requirements for the Degree of Doctor of Philosophy at 
University of Florida. Florida. United States of America. pp 
73-82. 

[47] Tonucci, R. G., Nair, P. K. R., Nair, V. D., Garcia, R. and 
Bernardino, F. S., 2011. Soil carbon storage in silvopasture 
and related land-use systems in the Brazilian Cerrado. Journal 
of Environmental Quality, 40: 833 - 841. 



36 Lazaro E. Nnko et al.:  Carbon Sequestration in Agroforestry as a Strategy  

for Climate Change Mitigation in Kilombero Cluster of SAGCOT 

 

[48] Udawatta, R. P. and Jose, S., 2011. Carbon sequestration 
potential of agroforestry practices in temperate North 
America. In: Kumar, B. M, Nair, P. K. R (Editors). Carbon 
sequestration potential of agroforestry Systems: opportunities 
and challenges. Springer, Dordrecht. pp 17– 42.  

[49] United Republic of Tanzania (URT)., 2013. Population and 
Housing census. National Bureau of Statistics Ministry of 
Finance, Dar es Salaam. p 244. 

[50] United Republic of Tanzania (URT)., 2017. Ramsar Advisory 
Mission Report Kilombero valley. Government print. Dar es 
Salaam. Tanzania. p 77. 

[51] United Republic of Tanzania (URT)., 2007. National sample 
census Security. Food Development, Livestock Office. 
Presidents Government, Local. Dar es salaam. Tanzania. p 
322. 

[52] Zahabu, E., Mlagalila, H. and Katani, J. Z., 2016c. Allometric 
biomass and volume models for cashew nuts trees. In: 
Malimbwi, R.E., Eid, T and Chamshama, S. A. O(Editors) 
Allometric tree biomass and volume models in Tanzania. 
Department of Forest mensuration and management, Sokoine 
University of Agriculture, Morogoro, Tanzania. pp 103 - 110. 

[53] Zahabu, E., Mugasha, A. W., Malimbwi, R. E. and Katani,   
J. Z., 2016b. Allometric biomass and volume models for 
coconut trees. In: Malimbwi, R.E., Eid, T and Chamshama,  
S. A. O (Editors) Allometric tree biomass and volume  
models in Tanzania. Department of Forest mensuration and 
management, Sokoine University of Agriculture, Morogoro, 
Tanzania. pp 93 - 101. 

[54] Zahabu, E., Mugasha, W. A., Katani, J. Z., Malimbwi, R. E., 

Mwangi, J. R. and Chamshama, S. A. O., 2016a. Allometric 
biomass and volume models for Tectona grandis plantations 
In: Malimbwi, R.E., Eid, T and Chamshama, S. A. O(Editors) 
Allometric tree biomass and volume models in Tanzania. 
Department of Forest mensuration and management, Sokoine 
University of Agriculture, Morogoro, Tanzania. pp 85 - 92. 

[55] Nadege, M.T., Louis Z., Cédric, C. D., Louis-Paul, K. B., 
Funwi, F. P., Ingrid, T. T., Clotex, T. V., Flore, N. Y. A., 
Bruno, T. M. R. and Mancho, N. J. (2018) Carbon storage 
potential of cacao agroforestry systems of different age and 
management intensity, Climate and Development. 11(7): 
543-554. DOI: 10.1080/17565529.2018.1456895. 

[56] J. Breckling, Ed., The Analysis of Directional Time Series: 
Applications to Wind Speed and Direction, ser. Lecture Notes 
in Statistics. Berlin, Germany: Springer, 1989, vol. 61. 

[57] Munishi PKT, Shear, TH Wentworth T & Temu RPC    
2007. Compositional Gradients in Plant Communities in 
Submontane Rain Forests of Eastern Tanzania. Journal of 
Tropical Forest Science 19 (1): 35-45. 

[58] Pantaleo K. T. Munishi, Ruwa-Aichi P. C. Temu and Soka G. 
2011. Plant communities and tree species associations in a 
Miombo ecosystem in the Lake Rukwa basin, Southern 
Tanzania: Implications for conservation. Journal of Ecology 
and the Natural Environment Vol. 3(2), pp. 63-71, February 
2011. 

[59] Susan Balaba, Tumwebaze, Eddie Bevilacqua, Russell Briggs, 
Timothy Volk 2013. Allometric biomass equations for tree 
species used in agroforestry systems in Uganda. Agroforest 
Syst (2013) 87: 781–795. DOI 10.1007/s10457-013-9596-y. 

 

 
Copyright ©  2022 The Author(s). Published by Scientific & Academic Publishing 

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

 

 

 

 


