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Abstract

Woody species diversity and carbon stocks of Forest-Farm interface (FFI) and adjacent natural forest (NF) and farm
land (FL) were assessed in south-central highlands of Ethiopia. Vegetation and biomass carbon stock data were
collected from a total of 30 plots from each land use. In each plot, diameter at breast height (DBH) of all woody species
> 2cm and height of > 1.5m height was measured. A total of 15 soil sample were collected from every other plots of
woody species inventory plots. Soil samples were collected from 0-30 cm and 30-60 cm depths from three diagonally
established subplots containing (Im2). One-way analysis of variation (ANOVA) was used to compare variation of total
carbon stocks and woody species diversity and two ways ANOVA was used for multiple comparison of soil organic
carbon stock (SOC) among depth and land use. Pearson correlation was used to determine relationship between woody
diversity and carbon stocks. The result showed that Fisher alpha diversity in FFI is 7.34 and that of NF and FL are 5.22
and 3.38 respectively and it is significantly different (F= 58.7; DF =2, 87; p < 0.05). The total carbon stock in FFI is
2044.05 (SE = + 13.9) tons ha-1 while it is 348.5 (SE = £+ 47.6) tons ha-1 in NF and 28.1 (SE = + 12.5) tons ha-1 in
FL. Similarly, the total carbon stock of FFI is significantly higher than FL (F = 28.9; DF = 1, 28; P < 0.05) and is
significantly lower than that of adjacent NF (F = 8.4; DF = 1, 28; P < 0.05). The result shows that the relationship gets
stronger with increasing species diversity (r = 0.10, 0.21 and 0.40 for FL, FFI and NF respectively at P < 0.05). In every
aspects assessed in this study, the FFI has proved to play significant role in conserving biodiversity and carbon stock
as compared to the adjacent NF. Hence, sustainable management of the landscape under FFI is important to sustain its

environmental and economic contributions.
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1. Introduction

According to Pan et al., forest ecosystems are thought to be the
primary carbon sinks and potentially lessen the effects of climate
change [1]. Being the most diversified terrestrial ecosystem, it
is also home to two-thirds of all land-dwelling plants and ani-
mals [2]. However, the natural forest (NF) and the associated
biodiversity in the tropics are under growing threat from anthro-
pogenic sources. According to FAO (2016), from 2000 to 2010,
tropical nations saw an annual net loss of 7 million hectares of
forest and an annual net increase of 6 million hectares of agri-
cultural land. Low income nations reported the biggest net loss
of forests and the highest net gain in agricultural land over the
time period.

Like many other tropical countries, the forest cover of Ethiopia
is shrinking at an alarming rate. Reported that Ethiopia’s forest
is declining at about 141,000 ha per annum. The deforestation
and forest degradation in Ethiopia is mainly driven by expansion
of farm land (FL), free livestock grazing, and extraction fuel-
wood [3]. This co-existence of trees and agricultural activities
are more common at the Forest-Farm Interface (FFI) where trees

are an integral part of many farm-households [4, 5]. FFI is an
area created through encroachment into forests and it is found
under intensive economic activities dominated by crop farming,
grazing, and utilization of forest products [4, 5]. Trees in the FFI
play an important role in maintaining woody species diversity
and also would offer potential of C sequestration in developing
countries [6, 7].

Nevertheless, the contribution of FFI in maintaining woody
species diversity and carbon stocks is less studied and managed
leading to declining environmental and economic services from
trees in the FFI. For planning sustainable management of FFI,
it would be important to generate quantitative information on
environmental role of FFI. Such information will guide policy
makers to make informed decision on its management. Hence,
this study is initiated to assess woody species diversity and car-
bon stock of FFI in south-central Ethiopia.

2. Materials and Methods
2.1. Description of the study area: The study was conducted in
south-central highlands of Ethiopia. The study site is geograph-
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ically located between 8° 11°- 8° 41° N and 38° 45° - 39° 49’E.
The average annual rainfall in the study area is 1200 mm while
the average annual minimum and maximum temperatures are
10°C and 25°C, respectively [8]. The major agricultural activity
in the study area is a mixed farming system which encompasses
both crop production and livestock rearing [9]. The soil type of
study area is Mollic Andosols [10].

2.2. Sampling techniques and method of data collection: Data
for this study was collected from NF, FFI and FL which are ad-
jacent to each other and also found on the same agro-ecology
(same altitudinal range, soil type). Vegetation and biomass car-
bon stock was collected from a total of 30 systematically laid
plots in each land use. The distance between transect lines and
consecutive sample plots were 200m. The sample plot size was
determined based on expected density of woody species in each
land use [11]. Nested plot design of 400m2, 25m2 and 1m2
size was used to collect vegetation data in NF. In the 400m2,
all woody species > S5cm DBH and in the 25m2 all woody spe-
cies from 2cm to 5cm DBH were recorded. In the third nested
plot (i.e. Im2), woody species with <2 cm DBH were recoded.
Since the woody species in FFI is scattered, 50 m x 50 m was
used. Finally, plot size of 50 m x 100 m was used for all diam-
eter class for FL. DBH in each plot was measured following
the techniques described in various relevant literatures [12, 13,
and 14]. The complete list of woody species was made for each
sample plot throughout the entire area and recorded by local
name. Species identification for common species was done in
the field by using different plant identification keys. But for the
less common species plant sample specimen were pressed and
identified at the National Herbarium of Ethiopia (ETH), Addis
Ababa University.

Litter samples were collected from a total of 30 sample plots
placed in the main plot of each land use. The samples were col-
lected from three diagonally placed Im2 subplots in each main
plot. Herbs and grasses were harvested from the three subplots.
The litter samples collected from each main plot was mixed
and homogenized [13]. The litter samples included dead leaves,
branches, twigs, flowers, and dead wood (DBH < 2 c¢m). In this
subplot litter, herbs and grasses (live above ground non-woody
with DBH < 2 cm) samples were collected [15]. All the litter
samples were weighed in the field and 100 gm of the composite
samples were brought to laboratory to determine dry biomass
and % C [13]. The litter samples which were brought to the
laboratory were oven-dried at 700C for 24 hours and weighed
for analysis of total carbon concentrations. The loss on ignition
(LOI) method was used to determine % C in LHGs [15, 16].

AGB = 0.0673 x )(pD2H)®%78

AGB = 3428 +0.310InpD?3H

AGB = 0.225 x DZ341yxp0-730

The soil samples were collected from 15 plots (every other plot
of the plots for vegetation sampling) for each land use. Two sets
of soil samples were taken; one set for the determination of SOC
contents and one set for the determination of soil bulk density.
In each case, the samples were collected from the two depths
(0-30 and 30-60 cm) within the main plot and composited by
layer. The SOC samples were taken using a gouge-type auger
and bulk density samples were taken from the middle of the
sampling layer with a core sampler. Three equal weights of each
sample from each sub-plot were taken and mixed homogenously
while a composite sub sample of 500 gm from each plot were
taken to laboratory for SOC determination. Fine roots of less
than 2 mm diameter were excluded, because it often cannot be
distinguished empirically from soil organic matter or litter [17].
The fine roots were extracted by hand and then the soil passed
through a 2 mm sieve and the <2 mm fraction was used for SOC
determination. The weight of soil samples > 2 mm and <2 mm
fractions was recorded. SOC content was measured using the
Walkley and Black titration method [18]. The bulk density sam-
ples were oven-dried at 105°C for 24 hours and weighed [15].

2.3. Data analysis: Shannon diversity index was used to deter-
mine diversity of woody species [19]. Additionally, Fisher’s a
(alpha) was also used to assess diversity of woody species. This
additional diversity index was used owing to its less sensitivity
to variations in sample size [20]. Woody species evenness was
also assessed using Shannon evenness [19].

Sorensen similarity coefficient was used to assess similarity in
composition of woody species among the three land uses [19].
This analysis was important to check the level of woody spe-
cies similarity among the three land uses. Additionally, a mul-
tiple-site similarity index was used to overcome the problem of
covariance between pairwise similarities in a multiple site study
[21].

2.4 Biomass estimation: Considering soil type, elevation, veg-
etation type and climate, appropriate allometric equations were
employed for biomass estimation. Accordingly [22]. Was em-
ployed for above ground biomass (AGB) estimation of NF (Eq.
1). In order to estimate biomass of woody species having be-
tween > 2 and < 5cm DBH, an allometric equation developed for
dry tropical woody species at juvenile stage [23]. Was used (Eq.
2). This model performed well across forest types and bioclimat-
ic conditions [22, 24]. Was used for AGB estimation of FFI and
FL for all diameter class (Eq. 3). This equation has lower AIC
value, improved model fit and was developed from a study with
similar environmental condition with this study site [24].

)
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The below ground biomass (BGB) was calculated by multiply-
ing AGB taking 0.26 as root to shoot ratio for NF. In FFI and FL,
Belowground biomasses were 0.28 of AGB for woody species <
10 cm DBH; while BGB=0.048*d** was used for woody spe-
cies > 10 cm DBH [25, 26].

BGB = 0.26  AGB (4)

BGB = 0.048 « %303 (5)

Where AGB is the aboveground biomass (kg dry matter/woody
species); BGB is the belowground biomass (kg dry matter/
woody species); H: Height (m); D is diameter at breast height
(cm) and p is wood density (g/cm?) obtained from Ethiopia’s
forest reference level submitted to the [27]. Finally, biomass
estimates obtained were converted to carbon stocks using the
default IPCC carbon fraction value of 0.47 [28].

2.5 Estimation of carbon in leaf litter, herbs and grasses:
Biomass of leaf litter, herbs and grasses was determined by us-
ing equation developed by [13]. Finally, carbon density of LHGs
was then calculated by multiplying biomass of LHGs per unit
area with the percentage of carbon determined for each sample
[16].

2.6 Estimation of carbon in soil organic carbon (SOC): The
carbon stock density of SOC was calculated as recommended by
[13]. From the volume and bulk density of the soil.

CV = hxmr? (6)
DA

Mooerae treg @)
‘Drenarockfrag J

BD =
cV—

Where, CV is soil core volume (cm3); h: is the height of core
sampler in cm, and r: is the radius of core sampler in cm; BD
is bulk density (g/cm3), DM is dry mass (g/cm®), Mcoarse frag
is mass of coarse fragments (g), and Dens rock frag is density
of rock fragments (g/cm3) = 2.65 g/cm?. SOC can be calculated
as recommended by [29]. Soil organic carbon stocks (g m?) for

each sampled depth in the NF were calculated using the follow-
ing (Eq.8).

C = (z x BD x %c) x100 (8)

Where, C = SOC stock (g m™) of a sample depth, z = thickness
of a sample depth (cm), BD=bulk density (g cm™®) of NF at a
sample depth, c = SOC content (g kg—1soil) of a sample depth.

SOC stocks (g/cm™?) for each sampled depth in the FL and FFI
were calculated using the following equation 9. The soil samples
at a certain layer of the NF may not be comparable to those of
the FL and FFI sites. Therefore, the following equation was ap-
plied to adjust the thickness of soil layers at the FL and FFI sites
to avoid errors from the differences in bulk density between the
soil layers of the FL, FFI and NF.

C=[(BDwl/BDy) x z x BDy x ¢] x 100 )

Where, C = SOC stock (tons ha-1) of a sample depth, z = thick-
ness of a sample depth (cm), BDwl = bulk density (g/cm?) of
NF at a sample depth, BDy =bulk density (g/cm?) of FL and FFI
at a sample depth and ¢ = SOC content (g kg 'soil) of a sample
depth. Finally, the total carbon stock was calculated by adding
the carbon stock of individual carbon pools [13].

2.4. Statistical analysis: Carbon stock of the three land uses
were compared using one-way ANOVA. Two-way ANOVA was
used for multiple comparisons of SOC means among land use
and depth. Tukey test was used to check for the homogeneity
of variances. The relationship between woody species diversity
and carbon stocks were determined using Pearson correlation.
All tests were conducted at 95% confidence level.

3. Results and Discussions

3.1. Woody species composition and diversity: The result shows
that 40 woody species which belong to 30 families were record-
ed from the three land uses. The highest number of woody spe-
cies (33) was recorded in NF followed by FFI (24) and FL (19).
Myrsinaceae, and Fabaceae were families with relatively higher
number of species in the study site. The result also showed that
the Fisher alpha and evenness of FFI are significantly lower than
NF and higher than FL at p < 0.05 (Table 1).

Land use | Species richness Fisher alpha | Evenness (J)
NF 33 7.34+0.3% 0.3+0.25%
FFI 24 522+0.5° 028 +0.26"
FL 19 338+0.2¢ 0.22+0.01°
P-value <0.001 <0.01

Table 1: Table 1: Diversity and evenness of woody species among the three land uses (Mean + SE) in in south-central Ethiopia
(Means with different letters within column are significantly different (P < 0.05) with respect to the land use. NF = Natural

forest; FFI = Forest farm interface and FL = Farm land).

Our result indicated that, diversity of woody species in agricul-
tural landscape (FFI and FL) was lower than NF in the study area
which is consistent with other studies in Ethiopia [33, 34]. This

might be due to activities of farmers to enhance their land use ef-
ficiency and intensive thinning of woody species in order to get
more space and reduce competition from agricultural crops. The
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result also showed higher species richness in NF as compared
to agricultural landscapes. In contrary to this, it is disagreeing
with results of [11]. In south western Ethiopia and in Northern
Ethiopia which depicted that agricultural landscapes host higher
woody species richness than NF.

Evenness in FFI was higher than NF which shows that there is
better representation of all woody species. This show FFI has
potential to conserve diverse woody species with intermediate
values that lies between NF and FL. This could serve as a source
of propagules for forest regeneration because they produce seed
locally.

3.2. Woody Species Similarity

The highest similarity in woody species compositions (39.6 %)
was recorded between NF and FFI, while lowest similarity (34.9
%) was recorded between NF and FL. Afro carpus falcatus, Cro-
ton macrostachyus and Schefflera abyssinica were some of the
woody species common in all the studied land uses. From a total
of 50 woody species, about 16 species were found to be common
to all land uses (Table 2).

Land use type Similarity (%)
Natural Forest vs Forest farm interface 39.6
Natural forest vs Farm land 349
Forest farm interface vs Farm land 38.1
Natural Forest vs Forest farm interface vs Farm land | 47.8

Table 2: Similarity index of woody species among three land uses in south-central Ethiopia

The result shows that, woody species similarity between FL and
NF is lower than similarity between FFI and NF. The less num-
ber of woody species (both in diversity and abundance) in FL is
the result of exploitation, natural death and lack of recruitment.
In general, the results from the diversity and similarity analysis
indicate that FFI plays important role in preserving woody spe-
cies which is of intermediate value as compared to NF and FL.

3.3. Total Carbon Stocks in three Land Uses

The total biomass carbon stock in FFI is 7.67 (SE = £+ 10.9)
tons ha! which is significantly lower than 167.8 (SE = + 36.5)
tons ha-1 of the adjacent NF, but higher than that of FL which is
18.98 (SE ==+ 4.7) (One way ANOVA; F = 13.78; DF = (2, 87);
p < 0.05)). This result indicates that the FFI maintains 46% of
biomass carbon while FL has only 11.3% of the biomass carbon
stock as compared to the adjacent NF. This is related to higher
presence of larger number of trees with larger DBH in FFI as
compared to FL.

Average mean of SOC stocks was significantly different among
all land use (F = 59.9; DF = (2, 84); p < 0.05)) and also different
per soil depth (F = 16; DF = (1, 84); p < 0.05)). The top surface

layer accounted for 54.2%, 52.2% and 54% of the total SOC in
NF and adjacent FFI and FL respectively. The total (0-60 cm
depth) SOC stocks of FFI which is 146.21 (SE = + 6.6 t.ha)
is significantly lower in relation to adjacent NF (196.8 + 6.1 t
ha-1), but significantly higher than FL (116.8 + 7.12 t ha-1) (F
= 37.4; DF = (2, 42); p < 0.05)). The result indicates that 25.4
% and 40.6 % of SOC stocks (0—60 cm) were lost in conversion
of the NF to the FFI and FL respectively. This tells us FFI can
maintain higher SOC in relation to the adjacent FL.

The total carbon stock in FFI is 244.05 (SE = + 13.9) tons ha-1
and that of the adjacent NF and FL were 388.46 (SE = + 47.6)
and 143.14 (SE =+ 12.56) tons ha-1 respectively (Table 3). The
average carbon stock (ton ha-1) is significantly different among
the three land use (One way ANOVA; F = 17.4; df = (2, 42);
p < 0.05)).This result shows that the FFI maintains 62.8% of
total carbon while FL has only 36% of the total carbon stock as
compared to the adjacent NF. This result also shows that the FFI
maintains close to twice as higher total carbon as compared to
the adjacent FL. This is related to higher presence of larger num-
ber of trees with larger DBH and low level of disturbance due to
tillage in FFI as compared to FL.

Land use Mean (+SE)

CAGB CBGB SOC CLHGs TCS
NF 2.1 £28.9° 38.7+£7.54* |7.85+6.1* 0.47+0.03 | 4.46 +47.62°
FFI 6.2 £8.70° 1.4+£2.19° 2.21+£6.6° - 0.05+13.9°
FL 3.8+3.76° 5.14+0.95° |0.78£7.12¢ - 28.14 £ 12.56°
P-value <0.001 <0.001 <0.001 <0.001

Where: CAGB: carbon stocks in above ground biomass, CBGB: carbon stocks in below ground biomass; CLHGs: Carbon in litter,
herbs and grasses; SOC: Soil organic carbon; TCs: Total carbon stocks.

Table 3: Total carbon stocks of FFI and adjacent NF and FL (tons ha) in south central highland of Ethiopia (Means with
the different letters across column are significantly different (P < 0.01).
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The biomass carbon stock of FFI 7.67 (SE = + 10.9) reported
in this study is greater than carbon values (50 —75 tons ha-1)
reported for tropical agroforestry systems and within a range
of 12-228 tons ha-1 reported for the total biomass C stocks of
the smallholder agroforestry systems globally [37, 38]. It is also
greater than 46 tons ha™' reported for parklands agroforestry in
the Sahel [39]. In agreement with our finding, a study conducted
in Gera, Southwestern Ethiopia also showed that biomass carbon
in NF is significantly higher than the adjacent parkland agro-
forestry practice and FL dominated by annual crops [40]. The
difference in biomass carbon stock among the three land uses is
related to number and size of trees per hectare which contribute
to carbon sequestration [41]. In line with this, the result showed
that FFI plays an important role in climate change mitigation
while also serving provision of forest products and also support-
ing production of annual crops [42]. Reported similar finding
which attested that crop fields with diverse woody species play
important role in biodiversity conservation and mitigation of cli-
mate change [43, 44].

The result indicated that, SOC in the three land uses decreased
with depth. It is consistent with findings of conducted in natural

forest of Bangladesh [45]. This might be due to the accumula-
tion and rapid decomposition of litter in the top soil. The result
shows, SOC stocks of FFI was significantly lower in relation
to adjacent NF, but significantly higher than FL. SOC in FFI
had higher SOC than ranges for whole Africa (64—67) teha™ and
park land agroforestry in Jido Komolcha District, southern Ethi-
opia which is 64.8 teha' [46, 47]. This is associated to a larger
density of woody species, which supplies more biomass to the
soil in the form of litter and roots, increasing SOC. Additional-
ly, under FFI, the breakdown of fine roots and litter increases
soil carbon concentration [48, 49]. Feces of birds resting and
nesting on trees, feces and urine of animals resting under trees,
and deposition of organic dust are other possible sources of soil
fertility improvement

[50].

3.4. Relationship between woody species diversity and car-
bon stock

The result showed that total carbon stock is positively correlat-
ed with woody species diversity in all land uses (Table 4). The
result shows that the relationship gets stronger with increasing
species diversity.

Land use | Carbon stocks | H' Species richness | Evenness
R R R

NF TCS 0.40 |[0.55 0.45

FFI TCS 0.21 [0.30 0.23

FL TCS 0.10 [0.17 0.12

Where, H’; Shannon diversity; TCS; Total carbon stock; Correlation is significant at the 0.05 level.
Table 4: Pearson correlation among woody species diversity and total carbon stock (tons ha™) in three land uses of Arsi

Negele site, Ethiopia

Despite many theoretical and experimental studies carried out to
date, the relationship between species diversity and ecosystem
productivity continues to be one of the most controversial sub-
jects in Ecology [56]. The forests with more diversity maintain
more biomass carbon stock was also reported [42, 57, 58]. A
study from southern Ethiopia also showed that woody species
richness in agroforestry systems is positively correlated with
biomass carbon stock [59].

4. Conclusions

This study showed that the FFI in south-central highlands of
Ethiopia play important role in maintaining diverse woody spe-
cies as compared to FL. It also showed that the FFI maintain
significantly higher carbon stock as compared to the adjacent
FL. The higher contribution of FFI to climate change mitigation
is mainly attributed to the higher abundance of larger woody
species in the system as compared to the adjacent farmland. In
addition to the environmental role through maintaining biodi-
versity and carbon stock, the provision service played by the
on-farm trees of the FFI through supply of wood products and
maintenance of environmental resilience is also important in
marinating crop productivity at the FFI. However, the fact that
the farmland found adjacent to the FFI showed lower role of
biodiversity conservation and carbon stock shows that sustain-
ability of the system is questionable. If the FFI is not sustainably
managed, there will always be expansion of the FL into FFI and

also FFI into the NF causing decline of environmental services
in the FFI and also deforestation and forest degradation in the
FFI. Hence, sustainable management of FFI is important to sus-
tain its environmental and economic services.
Acknowledgments

We acknowledge Centre for International Forestry Research
(CIFOR) for the financial support.

References

1. Albrecht, A., & Kandji, S. T. (2003). Carbon sequestration
in tropical agroforestry systems. Agriculture, ecosystems &
environment, 99(1-3), 15-27.

2. Allen, S. E., Grimshaw, H. M., & Rowland, A. P. (1986).
Chemical analysis. Methods in plant ecology. Back well
scientific publications.

3. Banskota, K., Karky, B., & Skutsch, M. (2007). Reducing

carbon emissions through community-managed forests in

the Himalaya. International Centre for Integrated Mountain

Development (ICIMOD).

Bationo, B. A., Tabo, R., Waswa, B. S., Okeyo, J., Kihara,

J., et al. (2008). Synthesis of soil water and nutrient man-

agement research in the Volta Basin.

5. Brummitt, N., & Bachman, S. (2010). Plants under pressure
a global assessment. The first report of the [IUCN Sampled
Red List Index for Plants. Royal Botanic Gardens, Kew,
UK.

6. Chaturvedi, R. K., Raghubanshi, A. S., & Singh, J. S.

World J Forest Res, 2023

Volume 2 | Issue 1 | 44


https://www.sciencedirect.com/science/article/pii/S0167880903001385?casa_token=LGwwHm8yb9IAAAAA:ejT4oz9b51R6GFOAElSz6O2NG3k4bq1nYHQz9QD4DPTY6BYjZKMJutS_Y-kptnoj4q6lhBypzr0i
https://www.sciencedirect.com/science/article/pii/S0167880903001385?casa_token=LGwwHm8yb9IAAAAA:ejT4oz9b51R6GFOAElSz6O2NG3k4bq1nYHQz9QD4DPTY6BYjZKMJutS_Y-kptnoj4q6lhBypzr0i
https://www.sciencedirect.com/science/article/pii/S0167880903001385?casa_token=LGwwHm8yb9IAAAAA:ejT4oz9b51R6GFOAElSz6O2NG3k4bq1nYHQz9QD4DPTY6BYjZKMJutS_Y-kptnoj4q6lhBypzr0i
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Allen%2C+S.+E.+%281986%29.+Chemical+analysis.+Methods+in+plant+ecology%2C+285-344.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Allen%2C+S.+E.+%281986%29.+Chemical+analysis.+Methods+in+plant+ecology%2C+285-344.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Allen%2C+S.+E.+%281986%29.+Chemical+analysis.+Methods+in+plant+ecology%2C+285-344.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Banskota%2C+K.%2C+Karky%2C+B.%2C+%26+Skutsch%2C+M.+%282007%29.+Reducing+carbon+emissions+through+community-managed+forests+in+the+Himalaya.+International+Centre+for+Integrated+Mountain+Development+%28ICIMOD%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Banskota%2C+K.%2C+Karky%2C+B.%2C+%26+Skutsch%2C+M.+%282007%29.+Reducing+carbon+emissions+through+community-managed+forests+in+the+Himalaya.+International+Centre+for+Integrated+Mountain+Development+%28ICIMOD%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Banskota%2C+K.%2C+Karky%2C+B.%2C+%26+Skutsch%2C+M.+%282007%29.+Reducing+carbon+emissions+through+community-managed+forests+in+the+Himalaya.+International+Centre+for+Integrated+Mountain+Development+%28ICIMOD%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Banskota%2C+K.%2C+Karky%2C+B.%2C+%26+Skutsch%2C+M.+%282007%29.+Reducing+carbon+emissions+through+community-managed+forests+in+the+Himalaya.+International+Centre+for+Integrated+Mountain+Development+%28ICIMOD%29.&btnG=
https://cgspace.cgiar.org/bitstream/handle/10568/17016/17016.pdf
https://cgspace.cgiar.org/bitstream/handle/10568/17016/17016.pdf
https://cgspace.cgiar.org/bitstream/handle/10568/17016/17016.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Brummitt%2C+N.+A.%2C+%26+Bachman%2C+S.+P.+%282010%29.+Plants+under+pressure+a+global+assessment%3A+the+first+report+of+the+IUCN+sampled+red+list+index+for+plants.+Kew%2C+UK%3A+Royal+Botanic+Gardens.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Brummitt%2C+N.+A.%2C+%26+Bachman%2C+S.+P.+%282010%29.+Plants+under+pressure+a+global+assessment%3A+the+first+report+of+the+IUCN+sampled+red+list+index+for+plants.+Kew%2C+UK%3A+Royal+Botanic+Gardens.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Brummitt%2C+N.+A.%2C+%26+Bachman%2C+S.+P.+%282010%29.+Plants+under+pressure+a+global+assessment%3A+the+first+report+of+the+IUCN+sampled+red+list+index+for+plants.+Kew%2C+UK%3A+Royal+Botanic+Gardens.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Brummitt%2C+N.+A.%2C+%26+Bachman%2C+S.+P.+%282010%29.+Plants+under+pressure+a+global+assessment%3A+the+first+report+of+the+IUCN+sampled+red+list+index+for+plants.+Kew%2C+UK%3A+Royal+Botanic+Gardens.&btnG=
http://Chaturvedi, R. K., Raghubanshi, A. S., & Singh, J. S. (2012). Biomass estimation of dry tropical woo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(2012). Biomass estimation of dry tropical woody species
at juvenile stage. The scientific world journal, 2012.
Chave, J., Réjou-Méchain, M., Burquez, A., Chidumayo,
E., Colgan, M. S., et al. (2014). Improved allometric mod-
els to estimate the aboveground biomass of tropical trees.
Global change biology, 20(10), 3177-3190.

Chia, R. W., Kim, D. G., & Yimer, F. (2017). Can afforesta-
tion with Cupressus lusitanica restore soil C and N stocks
depleted by crop cultivation to levels observed under native
systems?. Agriculture, Ecosystems & Environment, 242,
67-75.

Demessie, A., Singh, B. R., & Lal, R. (2013). Soil carbon
and nitrogen stocks under Chrono sequence of farm and tra-
ditional agroforestry land uses in Gambo District, Southern
Ethiopia. Nutrient Cycling in Agroecosystems, 95, 365-375.
Didita, M., Nemomissa, S., & Gole, T. W. (2010). Floristic
and structural analysis of the woodland vegetation around
Dello Menna, Southeast Ethiopia. Journal of Forestry re-
search, 21(4), 395-408.

Diserud, O. H., & @degaard, F. (2007). A multiple-site sim-
ilarity measure. Biology letters, 3(1), 20-22.

Don, A., Schumacher, J., & Frei Bauer, A. (2011). Impact
of tropical land-use change on soil organic carbon stocks—a
meta-analysis. Global Change Biology, 17(4), 1658-1670.
Lund, H. G. (2007). Accounting for the world's rangelands.
Rangelands, 29(1), 3-10.

Morales-Hidalgo, D., Oswalt, S. N., & Soma Nathan, E.
(2015). Status and trends in global primary forest, protected
areas, and areas designated for conservation of biodiversity
from the Global Forest Resources Assessment 2015. Forest
Ecology and Management, 352, 68-77.

Faye, M. D., Weber, J. C., Abasse, T. A., Boureima, M.,
Larwanou, M., et al. (2011). Farmers’ preferences For Tree
Functions And Species In The West African Sahel. Forests,
Trees and Livelihoods, 20(2-3), 113-136.

Gusti, M. (2010, September). Uncertainty of BAU emissions
in LULUCEF sector: Sensitivity analysis of the Global Forest
Model. In Proceedings of the 3rd International Workshop on
Uncertainty in Greenhouse Gas Inventories (2010b) Lviv
Polytechnic National University, Lviv, Ukraine (pp. 73-80).
Gebeyehu, S. (2002). “Food insecurity in a bread basket":
food security among households in the different agro-eco-
logical zones in Arsi Negele Woreda, Ethiopia. Working
Document Series/International Centre for Development
Oriented Research in Agriculture (Netherlands).

Gurmessa, B., Demessie, A., & Lemma, B. (2016). Dy-
namics of soil carbon stock, total nitrogen, and associated
soil properties since the conversion of Acacia woodland to
managed pastureland, parkland agroforestry, and treeless
cropland in the Jido Komolcha District, southern Ethiopia.
Journal of Sustainable Forestry, 35(5), 324-337.

Guyassa, E., & Raj, A. J. (2013). Assessment of biodiversi-
ty in cropland agroforestry and its role in livelihood devel-
opment in dryland areas: A case study from Tigray region,
Ethiopia. Journal of Agricultural Technology, 9(4), 829-844.
Hangarge, L. M., Kulkarni, D. K., Gaikwad, V. B., Maha-
jan, D. M., & Chaudhari, N. (2012). Carbon Sequestration
potential of tree species in Somjaichi Rai (Sacred grove)
at Nandghur village, in Bhor region of Pune District, Ma-
harashtra State, India. Annals of Biological Research, 3(7),
3426-3429.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Houghton, R. A., Unruh, J. D., & Lefebvre, P. A. (1993).
Current land cover in the tropics and its potential for se-
questering carbon. Global biogeochemical cycles, 7(2),
305-320.

Change, 1. P. O. (2006). 2006 IPCC guidelines for national
greenhouse gas inventories. Institute for Global Environ-
mental Strategies, Hayama, Kanagawa, Japan.

Jose, S., & Bardhan, S. (2012). Agroforestry for biomass
production and carbon sequestration: an overview. Agrofor-
estry systems, 86, 105-111.

Kelbessa, E., & Soromessa, T. (2008). Interfaces of regener-
ation, structure, diversity and uses of some plant species in
Bonga Forest: A reservoir for wild coffee gene pool. SINET:
Ethiopian Journal of Science, 31(2), 121-134.

Harmsen, B. J., Foster, R. J., & Don Caster, C. P. (2011).
Heterogeneous capture rates in low density populations and
consequences for capture-recapture analysis of camera-trap
data. Population ecology, 53(1), 253-259.

Kuyah, S., Dietz, J., Muthuri, C., Jamnadass, R., Mwangi,
P, et al. (2012a). Allometric equations for estimating bio-
mass in agricultural landscapes: II. Belowground biomass.
Agriculture, ecosystems & environment, 158, 225-234.
Kuyah, S., Dietz, J., Muthuri, C., Jamnadass, R., Mwangi,
P, et al. (2012b). Allometric equations for estimating bio-
mass in agricultural landscapes: II. Belowground biomass.
Agriculture, ecosystems & environment, 158, 225-234.
Lemenih, M. (2004). Effects of land use changes on soil
quality and native flora degradation and restoration in the
highlands of Ethiopia (Vol. 306, No. 306).

Lipper, L., Dutilly-Diane, C., & McCarthy, N. (2010). Sup-
plying carbon sequestration from West African rangelands:
opportunities and barriers. Rangeland Ecology & Manage-
ment, 63(1), 155-166.

Luedeling, E., & Neufeldt, H. (2012). Carbon sequestration
potential of parkland agroforestry in the Sahel. Climatic
Change, 115, 443-461.

Cavelier, J., & Tobler, A. (1998). The effect of abandoned
plantations of Pinus patula and Cupressus lusitanica on soils
and regeneration of a tropical montane rain forest in Colom-
bia. Biodiversity & Conservation, 7, 335-347.

Mamo, G., Sjaastad, E., & Vedeld, P. (2007). Economic de-
pendence on forest resources: A case from Dendi District,
Ethiopia. Forest policy and Economics, 9(8), 916-927.
Martinez-Sanchez, J. L., & Céamara, L. (2012). Is there a
relationship between floristic diversity and carbon stocks in
tropical vegetation in Mexico? African Journal of Agricul-
tural Research, 7(17), 2584-2591.

Mengistu, B., & Asfaw, Z. (2016). Woody species diversity
and structure of agroforestry and adjacent land uses in Dal-
lo Mena District, South-East Ethiopia. Natural Resources,
7(10), 515.

Midgley, G. F., Bond, W. J., Kapos, V., Ravilious, C., Schar-
lemann, J. P., et al. (2010). Terrestrial carbon stocks and
biodiversity: key knowledge gaps and some policy impli-
cations. Current Opinion in Environmental Sustainability,
2(4), 264-270.

Mittelbach, G. G., Steiner, C. F., Scheiner, S. M., Gross,
K. L., Reynolds, H. L., et al. (2001). What is the observed
relationship between species richness and productivity?.
Ecology, 82(9), 2381-2396.

Mohammed, A., & Bekele, L. (2014). Changes in carbon

World J Forest Res, 2023

Volume 2 | Issue 1 | 45


http://Chaturvedi, R. K., Raghubanshi, A. S., & Singh, J. S. (2012). Biomass estimation of dry tropical woo
http://Chaturvedi, R. K., Raghubanshi, A. S., & Singh, J. S. (2012). Biomass estimation of dry tropical woo
https://ecology.ghislainv.fr/publications/Chave2014-GCB.pdf
https://ecology.ghislainv.fr/publications/Chave2014-GCB.pdf
https://ecology.ghislainv.fr/publications/Chave2014-GCB.pdf
https://ecology.ghislainv.fr/publications/Chave2014-GCB.pdf
https://www.sciencedirect.com/science/article/pii/S0167880917301469?casa_token=OR7OeJZO8hQAAAAA:EvBOeUIjbBVL019TWs3HaUtGIP4RKx8fA2VbrBYBO6KO44nS7_SoPQCS98InbbyDIuWSUUcuhYgH
https://www.sciencedirect.com/science/article/pii/S0167880917301469?casa_token=OR7OeJZO8hQAAAAA:EvBOeUIjbBVL019TWs3HaUtGIP4RKx8fA2VbrBYBO6KO44nS7_SoPQCS98InbbyDIuWSUUcuhYgH
https://www.sciencedirect.com/science/article/pii/S0167880917301469?casa_token=OR7OeJZO8hQAAAAA:EvBOeUIjbBVL019TWs3HaUtGIP4RKx8fA2VbrBYBO6KO44nS7_SoPQCS98InbbyDIuWSUUcuhYgH
https://www.sciencedirect.com/science/article/pii/S0167880917301469?casa_token=OR7OeJZO8hQAAAAA:EvBOeUIjbBVL019TWs3HaUtGIP4RKx8fA2VbrBYBO6KO44nS7_SoPQCS98InbbyDIuWSUUcuhYgH
https://www.sciencedirect.com/science/article/pii/S0167880917301469?casa_token=OR7OeJZO8hQAAAAA:EvBOeUIjbBVL019TWs3HaUtGIP4RKx8fA2VbrBYBO6KO44nS7_SoPQCS98InbbyDIuWSUUcuhYgH
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10705-013-9570-0&casa_token=0OLFSXbHTX0AAAAA:U2wzq8fNAf3S0gt6457Vp31GOyyHZzTHcvrUJHHCkOzuC4ut9VUHHiOHIs1skA7e6ha_9HJS70xbnARdhY0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10705-013-9570-0&casa_token=0OLFSXbHTX0AAAAA:U2wzq8fNAf3S0gt6457Vp31GOyyHZzTHcvrUJHHCkOzuC4ut9VUHHiOHIs1skA7e6ha_9HJS70xbnARdhY0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10705-013-9570-0&casa_token=0OLFSXbHTX0AAAAA:U2wzq8fNAf3S0gt6457Vp31GOyyHZzTHcvrUJHHCkOzuC4ut9VUHHiOHIs1skA7e6ha_9HJS70xbnARdhY0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10705-013-9570-0&casa_token=0OLFSXbHTX0AAAAA:U2wzq8fNAf3S0gt6457Vp31GOyyHZzTHcvrUJHHCkOzuC4ut9VUHHiOHIs1skA7e6ha_9HJS70xbnARdhY0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1007/s11676-010-0089-9.pdf&casa_token=hYp-rjPX2gYAAAAA:4UudnvTNqwOAwu7DtEyKr2yZ7pz_oHLvuYEy_DA7yEbDN8R-jjstKyp2HLEMvdzgSPmemKtAkHgrnVGngIY
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1007/s11676-010-0089-9.pdf&casa_token=hYp-rjPX2gYAAAAA:4UudnvTNqwOAwu7DtEyKr2yZ7pz_oHLvuYEy_DA7yEbDN8R-jjstKyp2HLEMvdzgSPmemKtAkHgrnVGngIY
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1007/s11676-010-0089-9.pdf&casa_token=hYp-rjPX2gYAAAAA:4UudnvTNqwOAwu7DtEyKr2yZ7pz_oHLvuYEy_DA7yEbDN8R-jjstKyp2HLEMvdzgSPmemKtAkHgrnVGngIY
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1007/s11676-010-0089-9.pdf&casa_token=hYp-rjPX2gYAAAAA:4UudnvTNqwOAwu7DtEyKr2yZ7pz_oHLvuYEy_DA7yEbDN8R-jjstKyp2HLEMvdzgSPmemKtAkHgrnVGngIY
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2373804/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2373804/
https://hal.science/hal-00599528/file/PEER_stage2_10.1111%252Fj.1365-2486.2010.02336.x.pdf
https://hal.science/hal-00599528/file/PEER_stage2_10.1111%252Fj.1365-2486.2010.02336.x.pdf
https://hal.science/hal-00599528/file/PEER_stage2_10.1111%252Fj.1365-2486.2010.02336.x.pdf
https://repository.arizona.edu/bitstream/handle/10150/639674/12226-11774-1-PB.pdf?sequence=1
https://repository.arizona.edu/bitstream/handle/10150/639674/12226-11774-1-PB.pdf?sequence=1
https://www.sciencedirect.com/science/article/pii/S0378112715003370
https://www.sciencedirect.com/science/article/pii/S0378112715003370
https://www.sciencedirect.com/science/article/pii/S0378112715003370
https://www.sciencedirect.com/science/article/pii/S0378112715003370
https://www.sciencedirect.com/science/article/pii/S0378112715003370
https://www.academia.edu/download/48588442/FARMERS_PREFERENCES_FOR_TREE_FUNCTIONS_20160905-2791-t9gzcj.pdf
https://www.academia.edu/download/48588442/FARMERS_PREFERENCES_FOR_TREE_FUNCTIONS_20160905-2791-t9gzcj.pdf
https://www.academia.edu/download/48588442/FARMERS_PREFERENCES_FOR_TREE_FUNCTIONS_20160905-2791-t9gzcj.pdf
https://www.academia.edu/download/48588442/FARMERS_PREFERENCES_FOR_TREE_FUNCTIONS_20160905-2791-t9gzcj.pdf
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://user.iiasa.ac.at/~jonas/CV IIASA/Uploads/3rdUncWS 22-24sep10/Proceedings_3rdWS.pdf#page=73
https://www.researchgate.net/profile/Ambachew-Demessie/publication/303932097_Dynamics_of_soil_carbon_stocktotal_nitrogenand_associated_soil_properties_since_the_conversion_of_Acacia_woodland_to_managed_pastureland_agroforestry_and_treeless_cropland_in_the_Jido_Kombolcha_Distri/links/59f85d07458515547c250677/Dynamics-of-soil-carbon-stock-total-nitrogen-and-associated-soil-properties-since-the-conversion-of-Acacia-woodland-to-managed-pastureland-agroforestry-and-treeless-cropland-in-the-Jido-Kombolcha-Dis.pdf
https://www.researchgate.net/profile/Ambachew-Demessie/publication/303932097_Dynamics_of_soil_carbon_stocktotal_nitrogenand_associated_soil_properties_since_the_conversion_of_Acacia_woodland_to_managed_pastureland_agroforestry_and_treeless_cropland_in_the_Jido_Kombolcha_Distri/links/59f85d07458515547c250677/Dynamics-of-soil-carbon-stock-total-nitrogen-and-associated-soil-properties-since-the-conversion-of-Acacia-woodland-to-managed-pastureland-agroforestry-and-treeless-cropland-in-the-Jido-Kombolcha-Dis.pdf
https://www.researchgate.net/profile/Ambachew-Demessie/publication/303932097_Dynamics_of_soil_carbon_stocktotal_nitrogenand_associated_soil_properties_since_the_conversion_of_Acacia_woodland_to_managed_pastureland_agroforestry_and_treeless_cropland_in_the_Jido_Kombolcha_Distri/links/59f85d07458515547c250677/Dynamics-of-soil-carbon-stock-total-nitrogen-and-associated-soil-properties-since-the-conversion-of-Acacia-woodland-to-managed-pastureland-agroforestry-and-treeless-cropland-in-the-Jido-Kombolcha-Dis.pdf
https://www.researchgate.net/profile/Ambachew-Demessie/publication/303932097_Dynamics_of_soil_carbon_stocktotal_nitrogenand_associated_soil_properties_since_the_conversion_of_Acacia_woodland_to_managed_pastureland_agroforestry_and_treeless_cropland_in_the_Jido_Kombolcha_Distri/links/59f85d07458515547c250677/Dynamics-of-soil-carbon-stock-total-nitrogen-and-associated-soil-properties-since-the-conversion-of-Acacia-woodland-to-managed-pastureland-agroforestry-and-treeless-cropland-in-the-Jido-Kombolcha-Dis.pdf
https://www.researchgate.net/profile/Ambachew-Demessie/publication/303932097_Dynamics_of_soil_carbon_stocktotal_nitrogenand_associated_soil_properties_since_the_conversion_of_Acacia_woodland_to_managed_pastureland_agroforestry_and_treeless_cropland_in_the_Jido_Kombolcha_Distri/links/59f85d07458515547c250677/Dynamics-of-soil-carbon-stock-total-nitrogen-and-associated-soil-properties-since-the-conversion-of-Acacia-woodland-to-managed-pastureland-agroforestry-and-treeless-cropland-in-the-Jido-Kombolcha-Dis.pdf
https://www.researchgate.net/profile/Ambachew-Demessie/publication/303932097_Dynamics_of_soil_carbon_stocktotal_nitrogenand_associated_soil_properties_since_the_conversion_of_Acacia_woodland_to_managed_pastureland_agroforestry_and_treeless_cropland_in_the_Jido_Kombolcha_Distri/links/59f85d07458515547c250677/Dynamics-of-soil-carbon-stock-total-nitrogen-and-associated-soil-properties-since-the-conversion-of-Acacia-woodland-to-managed-pastureland-agroforestry-and-treeless-cropland-in-the-Jido-Kombolcha-Dis.pdf
https://www.researchgate.net/profile/Antony-Joseph-Raj/publication/266208489_Assessment_of_biodiversity_in_cropland_agroforestry_and_its_role_in_livelihood_development_in_dryland_areas_A_case_study_from_Tigray_region_Ethiopia/links/542a7e960cf27e39fa8e9f7a/Assessment-of-biodiversity-in-cropland-agroforestry-and-its-role-in-livelihood-development-in-dryland-areas-A-case-study-from-Tigray-region-Ethiopia.pdf
https://www.researchgate.net/profile/Antony-Joseph-Raj/publication/266208489_Assessment_of_biodiversity_in_cropland_agroforestry_and_its_role_in_livelihood_development_in_dryland_areas_A_case_study_from_Tigray_region_Ethiopia/links/542a7e960cf27e39fa8e9f7a/Assessment-of-biodiversity-in-cropland-agroforestry-and-its-role-in-livelihood-development-in-dryland-areas-A-case-study-from-Tigray-region-Ethiopia.pdf
https://www.researchgate.net/profile/Antony-Joseph-Raj/publication/266208489_Assessment_of_biodiversity_in_cropland_agroforestry_and_its_role_in_livelihood_development_in_dryland_areas_A_case_study_from_Tigray_region_Ethiopia/links/542a7e960cf27e39fa8e9f7a/Assessment-of-biodiversity-in-cropland-agroforestry-and-its-role-in-livelihood-development-in-dryland-areas-A-case-study-from-Tigray-region-Ethiopia.pdf
https://www.researchgate.net/profile/Antony-Joseph-Raj/publication/266208489_Assessment_of_biodiversity_in_cropland_agroforestry_and_its_role_in_livelihood_development_in_dryland_areas_A_case_study_from_Tigray_region_Ethiopia/links/542a7e960cf27e39fa8e9f7a/Assessment-of-biodiversity-in-cropland-agroforestry-and-its-role-in-livelihood-development-in-dryland-areas-A-case-study-from-Tigray-region-Ethiopia.pdf
https://www.academia.edu/download/25959215/ABR-2012-3-7-3426-3429.pdf
https://www.academia.edu/download/25959215/ABR-2012-3-7-3426-3429.pdf
https://www.academia.edu/download/25959215/ABR-2012-3-7-3426-3429.pdf
https://www.academia.edu/download/25959215/ABR-2012-3-7-3426-3429.pdf
https://www.academia.edu/download/25959215/ABR-2012-3-7-3426-3429.pdf
https://www.academia.edu/download/25959215/ABR-2012-3-7-3426-3429.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Houghton%2C+R.+A.%2C+Unruh%2C+J.+D.%2C+%26+Lefebvre%2C+P.+A.+%281993%29.+Current+land+cover+in+the+tropics+and+its+potential+for+sequestering+carbon.+Global+biogeochemical+cycles%2C+7%282%29%2C+305-320.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Houghton%2C+R.+A.%2C+Unruh%2C+J.+D.%2C+%26+Lefebvre%2C+P.+A.+%281993%29.+Current+land+cover+in+the+tropics+and+its+potential+for+sequestering+carbon.+Global+biogeochemical+cycles%2C+7%282%29%2C+305-320.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Houghton%2C+R.+A.%2C+Unruh%2C+J.+D.%2C+%26+Lefebvre%2C+P.+A.+%281993%29.+Current+land+cover+in+the+tropics+and+its+potential+for+sequestering+carbon.+Global+biogeochemical+cycles%2C+7%282%29%2C+305-320.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Houghton%2C+R.+A.%2C+Unruh%2C+J.+D.%2C+%26+Lefebvre%2C+P.+A.+%281993%29.+Current+land+cover+in+the+tropics+and+its+potential+for+sequestering+carbon.+Global+biogeochemical+cycles%2C+7%282%29%2C+305-320.&btnG=
https://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/Washington_Report.pdf
https://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/Washington_Report.pdf
https://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/Washington_Report.pdf
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10457-012-9573-x&casa_token=EjU3v3IvdbkAAAAA:CcCAS4ipIoMzjCbkrO_8KzU-Q3cKls5xtDaQb9ibdqNAOucQ_enV7RM5DD0OhokxlrJsLJe_hxEAGObdW2o
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10457-012-9573-x&casa_token=EjU3v3IvdbkAAAAA:CcCAS4ipIoMzjCbkrO_8KzU-Q3cKls5xtDaQb9ibdqNAOucQ_enV7RM5DD0OhokxlrJsLJe_hxEAGObdW2o
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s10457-012-9573-x&casa_token=EjU3v3IvdbkAAAAA:CcCAS4ipIoMzjCbkrO_8KzU-Q3cKls5xtDaQb9ibdqNAOucQ_enV7RM5DD0OhokxlrJsLJe_hxEAGObdW2o
https://www.ajol.info/index.php/sinet/article/view/66565/54293
https://www.ajol.info/index.php/sinet/article/view/66565/54293
https://www.ajol.info/index.php/sinet/article/view/66565/54293
https://www.ajol.info/index.php/sinet/article/view/66565/54293
https://www.researchgate.net/profile/Bart-Harmsen/publication/225628973_Heterogeneous_capture_rates_in_low_density_populations_and_consequences_for_capture-recapture_analysis_of_camera-trap_data/links/02bfe50e5b7ef1522c000000/Heterogeneous-capture-rates-in-low-density-populations-and-consequences-for-capture-recapture-analysis-of-camera-trap-data.pdf
https://www.researchgate.net/profile/Bart-Harmsen/publication/225628973_Heterogeneous_capture_rates_in_low_density_populations_and_consequences_for_capture-recapture_analysis_of_camera-trap_data/links/02bfe50e5b7ef1522c000000/Heterogeneous-capture-rates-in-low-density-populations-and-consequences-for-capture-recapture-analysis-of-camera-trap-data.pdf
https://www.researchgate.net/profile/Bart-Harmsen/publication/225628973_Heterogeneous_capture_rates_in_low_density_populations_and_consequences_for_capture-recapture_analysis_of_camera-trap_data/links/02bfe50e5b7ef1522c000000/Heterogeneous-capture-rates-in-low-density-populations-and-consequences-for-capture-recapture-analysis-of-camera-trap-data.pdf
https://www.researchgate.net/profile/Bart-Harmsen/publication/225628973_Heterogeneous_capture_rates_in_low_density_populations_and_consequences_for_capture-recapture_analysis_of_camera-trap_data/links/02bfe50e5b7ef1522c000000/Heterogeneous-capture-rates-in-low-density-populations-and-consequences-for-capture-recapture-analysis-of-camera-trap-data.pdf
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=WZCZJZkl7l8AAAAA:NL30imgne-gzwUmYp6VhT3Hu22MeDqWxT39Xw8ZUqixpglWWvf57Veuffz1nVRX_b-c9M92QzHEr
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=WZCZJZkl7l8AAAAA:NL30imgne-gzwUmYp6VhT3Hu22MeDqWxT39Xw8ZUqixpglWWvf57Veuffz1nVRX_b-c9M92QzHEr
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=WZCZJZkl7l8AAAAA:NL30imgne-gzwUmYp6VhT3Hu22MeDqWxT39Xw8ZUqixpglWWvf57Veuffz1nVRX_b-c9M92QzHEr
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=WZCZJZkl7l8AAAAA:NL30imgne-gzwUmYp6VhT3Hu22MeDqWxT39Xw8ZUqixpglWWvf57Veuffz1nVRX_b-c9M92QzHEr
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=ofW4WvKJdPMAAAAA:-9uAoezeePfxusysosscd4CmCaD4Iru_1_DvHKQY7Fr-k7bfP-HDi87fXxKfssvYIGdACAIN_yoj
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=ofW4WvKJdPMAAAAA:-9uAoezeePfxusysosscd4CmCaD4Iru_1_DvHKQY7Fr-k7bfP-HDi87fXxKfssvYIGdACAIN_yoj
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=ofW4WvKJdPMAAAAA:-9uAoezeePfxusysosscd4CmCaD4Iru_1_DvHKQY7Fr-k7bfP-HDi87fXxKfssvYIGdACAIN_yoj
https://www.sciencedirect.com/science/article/pii/S0167880912001880?casa_token=ofW4WvKJdPMAAAAA:-9uAoezeePfxusysosscd4CmCaD4Iru_1_DvHKQY7Fr-k7bfP-HDi87fXxKfssvYIGdACAIN_yoj
https://pub.epsilon.slu.se/560/1/Silvestria306.pdf
https://pub.epsilon.slu.se/560/1/Silvestria306.pdf
https://pub.epsilon.slu.se/560/1/Silvestria306.pdf
https://bioone.org/journals/Rangeland-Ecology-and-Management/volume-63/issue-1/REM-D-09-00009.1/Supplying-Carbon-Sequestration-From-West-African-Rangelands--Opportunities-and/10.2111/REM-D-09-00009.1.pdf
https://bioone.org/journals/Rangeland-Ecology-and-Management/volume-63/issue-1/REM-D-09-00009.1/Supplying-Carbon-Sequestration-From-West-African-Rangelands--Opportunities-and/10.2111/REM-D-09-00009.1.pdf
https://bioone.org/journals/Rangeland-Ecology-and-Management/volume-63/issue-1/REM-D-09-00009.1/Supplying-Carbon-Sequestration-From-West-African-Rangelands--Opportunities-and/10.2111/REM-D-09-00009.1.pdf
https://bioone.org/journals/Rangeland-Ecology-and-Management/volume-63/issue-1/REM-D-09-00009.1/Supplying-Carbon-Sequestration-From-West-African-Rangelands--Opportunities-and/10.2111/REM-D-09-00009.1.pdf
https://link.springer.com/article/10.1007/s10584-012-0438-0
https://link.springer.com/article/10.1007/s10584-012-0438-0
https://link.springer.com/article/10.1007/s10584-012-0438-0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1023/A:1008829728564.pdf&casa_token=-_ECKgN4T5EAAAAA:tEW2RnqQBTYlf0bINYKHQYjsYHpCm1z59pUj4_CA1HTUodjAYQ4kt1oRmkfqANcIhkl-yYsCLM3GuldrgsU
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1023/A:1008829728564.pdf&casa_token=-_ECKgN4T5EAAAAA:tEW2RnqQBTYlf0bINYKHQYjsYHpCm1z59pUj4_CA1HTUodjAYQ4kt1oRmkfqANcIhkl-yYsCLM3GuldrgsU
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1023/A:1008829728564.pdf&casa_token=-_ECKgN4T5EAAAAA:tEW2RnqQBTYlf0bINYKHQYjsYHpCm1z59pUj4_CA1HTUodjAYQ4kt1oRmkfqANcIhkl-yYsCLM3GuldrgsU
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/content/pdf/10.1023/A:1008829728564.pdf&casa_token=-_ECKgN4T5EAAAAA:tEW2RnqQBTYlf0bINYKHQYjsYHpCm1z59pUj4_CA1HTUodjAYQ4kt1oRmkfqANcIhkl-yYsCLM3GuldrgsU
https://www.sciencedirect.com/science/article/pii/S1389934106001274?casa_token=h-mlxm-UEDEAAAAA:-Pc0KpMMAVTcVxxQL4ktYsGeSRJKW9E84LAkLY3960UT1pVbQWG4JzVMEpwlpDNzBHFfHFldzF0M
https://www.sciencedirect.com/science/article/pii/S1389934106001274?casa_token=h-mlxm-UEDEAAAAA:-Pc0KpMMAVTcVxxQL4ktYsGeSRJKW9E84LAkLY3960UT1pVbQWG4JzVMEpwlpDNzBHFfHFldzF0M
https://www.sciencedirect.com/science/article/pii/S1389934106001274?casa_token=h-mlxm-UEDEAAAAA:-Pc0KpMMAVTcVxxQL4ktYsGeSRJKW9E84LAkLY3960UT1pVbQWG4JzVMEpwlpDNzBHFfHFldzF0M
https://www.researchgate.net/profile/Jose-Martinez-5/publication/257874786_Is_there_a_relationship_between_floristic_diversity_and_carbon_stocks_in_tropical_vegetation_in_Mexico/links/0deec5260259dac75b000000/Is-there-a-relationship-between-floristic-diversity-and-carbon-stocks-in-tropical-vegetation-in-Mexico.pdf
https://www.researchgate.net/profile/Jose-Martinez-5/publication/257874786_Is_there_a_relationship_between_floristic_diversity_and_carbon_stocks_in_tropical_vegetation_in_Mexico/links/0deec5260259dac75b000000/Is-there-a-relationship-between-floristic-diversity-and-carbon-stocks-in-tropical-vegetation-in-Mexico.pdf
https://www.researchgate.net/profile/Jose-Martinez-5/publication/257874786_Is_there_a_relationship_between_floristic_diversity_and_carbon_stocks_in_tropical_vegetation_in_Mexico/links/0deec5260259dac75b000000/Is-there-a-relationship-between-floristic-diversity-and-carbon-stocks-in-tropical-vegetation-in-Mexico.pdf
https://www.researchgate.net/profile/Jose-Martinez-5/publication/257874786_Is_there_a_relationship_between_floristic_diversity_and_carbon_stocks_in_tropical_vegetation_in_Mexico/links/0deec5260259dac75b000000/Is-there-a-relationship-between-floristic-diversity-and-carbon-stocks-in-tropical-vegetation-in-Mexico.pdf
https://www.scirp.org/html/1-2000669_71368.htm
https://www.scirp.org/html/1-2000669_71368.htm
https://www.scirp.org/html/1-2000669_71368.htm
https://www.scirp.org/html/1-2000669_71368.htm
https://www.sciencedirect.com/science/article/pii/S1877343510000461?casa_token=F0cBBSdrX6cAAAAA:QqX3-4Fc_g6IhuyxG0wR-VvQ6uIO-rH1KyVz6hdeUDrHSDI3Dx_Ys0WJbr6JHlfoN1J7FasfOCYp
https://www.sciencedirect.com/science/article/pii/S1877343510000461?casa_token=F0cBBSdrX6cAAAAA:QqX3-4Fc_g6IhuyxG0wR-VvQ6uIO-rH1KyVz6hdeUDrHSDI3Dx_Ys0WJbr6JHlfoN1J7FasfOCYp
https://www.sciencedirect.com/science/article/pii/S1877343510000461?casa_token=F0cBBSdrX6cAAAAA:QqX3-4Fc_g6IhuyxG0wR-VvQ6uIO-rH1KyVz6hdeUDrHSDI3Dx_Ys0WJbr6JHlfoN1J7FasfOCYp
https://www.sciencedirect.com/science/article/pii/S1877343510000461?casa_token=F0cBBSdrX6cAAAAA:QqX3-4Fc_g6IhuyxG0wR-VvQ6uIO-rH1KyVz6hdeUDrHSDI3Dx_Ys0WJbr6JHlfoN1J7FasfOCYp
https://www.sciencedirect.com/science/article/pii/S1877343510000461?casa_token=F0cBBSdrX6cAAAAA:QqX3-4Fc_g6IhuyxG0wR-VvQ6uIO-rH1KyVz6hdeUDrHSDI3Dx_Ys0WJbr6JHlfoN1J7FasfOCYp
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Mittelbach%2C++G.G.%2C++Steiner%2C++C.F.%2C++Scheiner%2C+S.M.%2C++Gross%2C++K.L.%2C++Reynolds%2C++H.L.%2C+Waide%2C++R.B.%2C++Willig%2C++M.L.%2C++Dodson%2C++S.L.%2C+%26+Gough%2C++L.++%282001%29.++What++is++the+observed++relationship++between++species++richness++and++productivity%3F+Ecology%2C+82%2C+2381-2396.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Mittelbach%2C++G.G.%2C++Steiner%2C++C.F.%2C++Scheiner%2C+S.M.%2C++Gross%2C++K.L.%2C++Reynolds%2C++H.L.%2C+Waide%2C++R.B.%2C++Willig%2C++M.L.%2C++Dodson%2C++S.L.%2C+%26+Gough%2C++L.++%282001%29.++What++is++the+observed++relationship++between++species++richness++and++productivity%3F+Ecology%2C+82%2C+2381-2396.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Mittelbach%2C++G.G.%2C++Steiner%2C++C.F.%2C++Scheiner%2C+S.M.%2C++Gross%2C++K.L.%2C++Reynolds%2C++H.L.%2C+Waide%2C++R.B.%2C++Willig%2C++M.L.%2C++Dodson%2C++S.L.%2C+%26+Gough%2C++L.++%282001%29.++What++is++the+observed++relationship++between++species++richness++and++productivity%3F+Ecology%2C+82%2C+2381-2396.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Mittelbach%2C++G.G.%2C++Steiner%2C++C.F.%2C++Scheiner%2C+S.M.%2C++Gross%2C++K.L.%2C++Reynolds%2C++H.L.%2C+Waide%2C++R.B.%2C++Willig%2C++M.L.%2C++Dodson%2C++S.L.%2C+%26+Gough%2C++L.++%282001%29.++What++is++the+observed++relationship++between++species++richness++and++productivity%3F+Ecology%2C+82%2C+2381-2396.&btnG=
https://www.researchgate.net/profile/Bekele-Lemma/publication/318860799_Changes_in_Carbon_Stocks_and_Sequestration_Potential_under_Native_Forest_and_Adjacent_Land_use_Systems_at_Gera_South-_Western_Ethiopia/links/5982cd03aca272a370f594b9/Changes-in-Carbon-Stocks-and-Sequestration-Potential-under-Native-Forest-and-Adjacent-Land-use-Systems-at-Gera-South-Western-Ethiopia.pdf

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

stocks and sequestration potential under native forest and
adjacent land use systems at Gera, south-western Ethiopia.
Global Journal of Science Frontier Research: D Agriculture
and Veterinary, 14(10), 11-19.

Molla, A., & Kewessa, G. (2015). Woody species diversity
in traditional agroforestry practices of Dellomenna District,
Southeastern Ethiopia: implication for maintaining na-
tive woody species. International Journal of Biodiversity,
2015(iii), 1-13.

Tesemma, M. N. (2013). The indigenous agroforestry sys-
tems of the south-eastern Rift Valley escarpment, Ethiopia:
Their biodiversity, carbon stocks, and litter fall.

Negash, M., & Starr, M. (2015). Biomass and soil carbon
stocks of indigenous agroforestry systems on the south-east-
ern Rift Valley escarpment, Ethiopia. Plant and soil, 393,
95-107.

Pan, Y., Birdsey, R. A., Fang, J., Houghton, R., Kauppi, P.
E., et al. (2011). A large and persistent carbon sink in the
world’s forests. Science, 333(6045), 988-993.

Pearson, T. R. (2007). Measurement guidelines for the se-
questration of forest carbon (Vol. 18). US Department of
Agriculture, Forest Service, Northern Research Station.
Pearson, T., Walker, S., & Brown, S. (2013). Sourcebook
for land use, land-use change and forestry projects.

Pouliot, M., Bayala, J., & Rebild, A. (2012). Testing the
shade tolerance of selected crops under Parkia biglobosa
(Jacq.) Benth. In an agroforestry parkland in Burkina Faso,
West Africa. Agroforestry systems, 85, 477-488.

Sanou, J. (2010). Optimizing the productivity of agrofor-
estry parkland systems in West Africa using shade-tolerant
annual crops (Doctoral dissertation, University of Wales,
Bangor).

Stavi, 1., & Lal, R. (2013). Agroforestry and biochar to off-
set climate change: a review. Agronomy for Sustainable De-
velopment, 33, 81-96.

Tadesse, G., Bekele, T., & Demissew, S. (2008). Dryland
woody vegetation along an altitudinal gradient on the east-
ern escarpment of Welo, Ethiopia. SINET: Ethiopian Jour-
nal of Science, 31(1), 43-54.

Teshome, T., & Petty, J. A. (2000). Site index equation for
Cupressus lusitanica stands in Munessa forest, Ethiopia.
Forest Ecology and Management, 126(3), 339-347.

Tolera, M., Asfaw, Z., Lemenih, M., & Karltun, E. (2008).
Woody species diversity in a changing landscape in the
south-central highlands of Ethiopia. Agriculture, ecosys-

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

tems & environment, 128(1-2), 52-58.

Boer, B. (Ed.). (2015). Environmental law dimensions of
human rights. Collected Courses of the Acade.

Ullah, M. R., & Al-Amin, M. (2012). Above-and be-
low-ground carbon stock estimation in a natural forest of
Bangladesh. Journal of forest science, 58(8), 372-379.
Giza chew, B., & Duguma, L. A. (2016). Forest carbon
monitoring and reporting for REDD+: What future for Afri-
ca. Environmental management, 58(5), 922-930.

Van Con, T., Thang, N. T., Khiem, C. C., Quy, T. H., Lam,
V. T, et al. (2013). Relationship between aboveground bio-
mass and measures of structure and species diversity in
tropical forests of Vietnam. Forest Ecology and Manage-
ment, 310, 213-218.

Verchot, L. V., Van Noordwijk, M., Kandji, S., Tomich, T.,
Ong, C., et al. (2007). Climate change: linking adaptation
and mitigation through agroforestry. Mitigation and adapta-
tion strategies for global change, 12, 901-918.

Walkley, A., & Black, I. A. (1934). An examination of the
Degtjareft method for determining soil organic matter, and a
proposed modification of the chromic acid titration method.
Soil science, 37(1), 29-38.

Wang, W., Lei, X., Ma, Z., Knees haw, D. D., & Peng, C.
(2011). Positive relationship between aboveground carbon
stocks and structural diversity in spruce-dominated forest
stands in New Brunswick, Canada. Forest Science, 57(6),
506-515.

Wei, X., Shao, M., Gale, W., & Li, L. (2014). Global pattern
of soil carbon losses due to the conversion of forests to ag-
ricultural land. Scientific reports, 4(1), 1-6.

Yemiru, T., Roos, A., Campbell, B. M., & Bohlin, F. (2010).
Forest incomes and poverty alleviation under participatory
forest management in the Bale Highlands, Southern Ethio-
pia. International forestry review, 12(1), 66-77.

Yimer, F., Ledin, S., & Abd-el-Kader, A. (2007). Changes
in soil organic carbon and total nitrogen contents in three
adjacent land use types in the Bale Mountains, south-east-
ern highlands of Ethiopia. Forest ecology and management,
242(2-3), 337-342.

Zomer, R.J., Trabuco, A., Coe, R., Place, F., van Noordwijk,
M., et al. (2014). Trees on farms: an update and reanalysis
of agroforestry’s global extent and socio-ecological charac-
teristics (pp. pp-54). Working Paper 179. (Ed WACISARPD
WP14064. PDF). Bogor, Indonesia.

Copyright: ©2023 Tamiru Kefalew, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

World J Forest Res, 2023

https://opastpublishers.com

Volume 2 | Issue 1 | 46


https://www.researchgate.net/profile/Bekele-Lemma/publication/318860799_Changes_in_Carbon_Stocks_and_Sequestration_Potential_under_Native_Forest_and_Adjacent_Land_use_Systems_at_Gera_South-_Western_Ethiopia/links/5982cd03aca272a370f594b9/Changes-in-Carbon-Stocks-and-Sequestration-Potential-under-Native-Forest-and-Adjacent-Land-use-Systems-at-Gera-South-Western-Ethiopia.pdf
https://www.researchgate.net/profile/Bekele-Lemma/publication/318860799_Changes_in_Carbon_Stocks_and_Sequestration_Potential_under_Native_Forest_and_Adjacent_Land_use_Systems_at_Gera_South-_Western_Ethiopia/links/5982cd03aca272a370f594b9/Changes-in-Carbon-Stocks-and-Sequestration-Potential-under-Native-Forest-and-Adjacent-Land-use-Systems-at-Gera-South-Western-Ethiopia.pdf
https://www.researchgate.net/profile/Bekele-Lemma/publication/318860799_Changes_in_Carbon_Stocks_and_Sequestration_Potential_under_Native_Forest_and_Adjacent_Land_use_Systems_at_Gera_South-_Western_Ethiopia/links/5982cd03aca272a370f594b9/Changes-in-Carbon-Stocks-and-Sequestration-Potential-under-Native-Forest-and-Adjacent-Land-use-Systems-at-Gera-South-Western-Ethiopia.pdf
https://www.researchgate.net/profile/Bekele-Lemma/publication/318860799_Changes_in_Carbon_Stocks_and_Sequestration_Potential_under_Native_Forest_and_Adjacent_Land_use_Systems_at_Gera_South-_Western_Ethiopia/links/5982cd03aca272a370f594b9/Changes-in-Carbon-Stocks-and-Sequestration-Potential-under-Native-Forest-and-Adjacent-Land-use-Systems-at-Gera-South-Western-Ethiopia.pdf
https://downloads.hindawi.com/archive/2015/643031.pdf
https://downloads.hindawi.com/archive/2015/643031.pdf
https://downloads.hindawi.com/archive/2015/643031.pdf
https://downloads.hindawi.com/archive/2015/643031.pdf
https://downloads.hindawi.com/archive/2015/643031.pdf
https://helda.helsinki.fi/bitstream/handle/10138/41758/theindig.pdf?sequence=1
https://helda.helsinki.fi/bitstream/handle/10138/41758/theindig.pdf?sequence=1
https://helda.helsinki.fi/bitstream/handle/10138/41758/theindig.pdf?sequence=1
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11104-015-2469-6&casa_token=tdkhlRLOF48AAAAA:olK--IT2zymiavprGlSWkTEMTZ6pZBkF-24bgChG1iPQqft2CwlPIKdNiJW0QfPq3mVaQHmS8BkOUMKd-H0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11104-015-2469-6&casa_token=tdkhlRLOF48AAAAA:olK--IT2zymiavprGlSWkTEMTZ6pZBkF-24bgChG1iPQqft2CwlPIKdNiJW0QfPq3mVaQHmS8BkOUMKd-H0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11104-015-2469-6&casa_token=tdkhlRLOF48AAAAA:olK--IT2zymiavprGlSWkTEMTZ6pZBkF-24bgChG1iPQqft2CwlPIKdNiJW0QfPq3mVaQHmS8BkOUMKd-H0
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11104-015-2469-6&casa_token=tdkhlRLOF48AAAAA:olK--IT2zymiavprGlSWkTEMTZ6pZBkF-24bgChG1iPQqft2CwlPIKdNiJW0QfPq3mVaQHmS8BkOUMKd-H0
https://www.science.org/doi/pdf/10.1126/science.1201609?casa_token=64s21od4LokAAAAA:B4UqpKC1QANGnyX9EeVCin9wwCZS1DvoDtoI3MKVWuXaGlw89rL5Gjypj8QsR6PnJPCkdXIL6jcjdYE6
https://www.science.org/doi/pdf/10.1126/science.1201609?casa_token=64s21od4LokAAAAA:B4UqpKC1QANGnyX9EeVCin9wwCZS1DvoDtoI3MKVWuXaGlw89rL5Gjypj8QsR6PnJPCkdXIL6jcjdYE6
https://www.science.org/doi/pdf/10.1126/science.1201609?casa_token=64s21od4LokAAAAA:B4UqpKC1QANGnyX9EeVCin9wwCZS1DvoDtoI3MKVWuXaGlw89rL5Gjypj8QsR6PnJPCkdXIL6jcjdYE6
https://books.google.com/books?hl=en&lr=&id=QGPfaYTbeQIC&oi=fnd&pg=PA1&dq=42.%09Pearson,+T.+R.,+Brown,+S.+L.,+%26+Birdsey,+R.+A.+(2007).+Measurement+guidelines+for+the+sequestration+of+forest+carbon.+Gen.+Tech.+Rep.+NRS-18.+Newtown+Square,+PA:+US+Department+of+Agriculture,+Forest+Service,+Northern+Research+Station.+42+p.,+18.&ots=gDSO6rP2RT&sig=FQLXCRkvEDPd-ng-VaT95PigsOQ
https://books.google.com/books?hl=en&lr=&id=QGPfaYTbeQIC&oi=fnd&pg=PA1&dq=42.%09Pearson,+T.+R.,+Brown,+S.+L.,+%26+Birdsey,+R.+A.+(2007).+Measurement+guidelines+for+the+sequestration+of+forest+carbon.+Gen.+Tech.+Rep.+NRS-18.+Newtown+Square,+PA:+US+Department+of+Agriculture,+Forest+Service,+Northern+Research+Station.+42+p.,+18.&ots=gDSO6rP2RT&sig=FQLXCRkvEDPd-ng-VaT95PigsOQ
https://books.google.com/books?hl=en&lr=&id=QGPfaYTbeQIC&oi=fnd&pg=PA1&dq=42.%09Pearson,+T.+R.,+Brown,+S.+L.,+%26+Birdsey,+R.+A.+(2007).+Measurement+guidelines+for+the+sequestration+of+forest+carbon.+Gen.+Tech.+Rep.+NRS-18.+Newtown+Square,+PA:+US+Department+of+Agriculture,+Forest+Service,+Northern+Research+Station.+42+p.,+18.&ots=gDSO6rP2RT&sig=FQLXCRkvEDPd-ng-VaT95PigsOQ
https://openknowledge.worldbank.org/bitstream/handle/10986/16491/795480WP0Sourc0CF0Projects00PUBLIC0.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/16491/795480WP0Sourc0CF0Projects00PUBLIC0.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/16491/795480WP0Sourc0CF0Projects00PUBLIC0.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/16491/795480WP0Sourc0CF0Projects00PUBLIC0.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/16491/795480WP0Sourc0CF0Projects00PUBLIC0.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/16491/795480WP0Sourc0CF0Projects00PUBLIC0.pdf?sequence=1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=45.%09Sanou%2C+J.+%282010%29.+Optimizing+the+productivity+of+agroforestry+parkland+systems+in+West+Africa+using+shade-tolerant+annual+crops+%28Doctoral+dissertation%2C+University+of+Wales%2C+Bangor%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=45.%09Sanou%2C+J.+%282010%29.+Optimizing+the+productivity+of+agroforestry+parkland+systems+in+West+Africa+using+shade-tolerant+annual+crops+%28Doctoral+dissertation%2C+University+of+Wales%2C+Bangor%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=45.%09Sanou%2C+J.+%282010%29.+Optimizing+the+productivity+of+agroforestry+parkland+systems+in+West+Africa+using+shade-tolerant+annual+crops+%28Doctoral+dissertation%2C+University+of+Wales%2C+Bangor%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=45.%09Sanou%2C+J.+%282010%29.+Optimizing+the+productivity+of+agroforestry+parkland+systems+in+West+Africa+using+shade-tolerant+annual+crops+%28Doctoral+dissertation%2C+University+of+Wales%2C+Bangor%29.&btnG=
https://link.springer.com/article/10.1007/s13593-012-0081-1
https://link.springer.com/article/10.1007/s13593-012-0081-1
https://link.springer.com/article/10.1007/s13593-012-0081-1
https://www.ajol.info/index.php/sinet/article/view/18296/3758
https://www.ajol.info/index.php/sinet/article/view/18296/3758
https://www.ajol.info/index.php/sinet/article/view/18296/3758
https://www.ajol.info/index.php/sinet/article/view/18296/3758
https://www.sciencedirect.com/science/article/pii/S037811279900105X?casa_token=PGbYPUBWk2gAAAAA:dWXojtH7QtBSdJZF1LLVwfAzZAJVi9VG53ti9uVAygyRollGseLY6nD-i1U86eQO3J4zIiHIwF6n
https://www.sciencedirect.com/science/article/pii/S037811279900105X?casa_token=PGbYPUBWk2gAAAAA:dWXojtH7QtBSdJZF1LLVwfAzZAJVi9VG53ti9uVAygyRollGseLY6nD-i1U86eQO3J4zIiHIwF6n
https://www.sciencedirect.com/science/article/pii/S037811279900105X?casa_token=PGbYPUBWk2gAAAAA:dWXojtH7QtBSdJZF1LLVwfAzZAJVi9VG53ti9uVAygyRollGseLY6nD-i1U86eQO3J4zIiHIwF6n
https://www.sciencedirect.com/science/article/pii/S0167880908001400?casa_token=ufNAQHFi-w4AAAAA:lKe1dOcMOdUJzieu-MFJfRYkeIzRPf6PZYmWYrTnHyksOkJGSrmQeQT89HyRxslz7pv9hzP98WoP
https://www.sciencedirect.com/science/article/pii/S0167880908001400?casa_token=ufNAQHFi-w4AAAAA:lKe1dOcMOdUJzieu-MFJfRYkeIzRPf6PZYmWYrTnHyksOkJGSrmQeQT89HyRxslz7pv9hzP98WoP
https://www.sciencedirect.com/science/article/pii/S0167880908001400?casa_token=ufNAQHFi-w4AAAAA:lKe1dOcMOdUJzieu-MFJfRYkeIzRPf6PZYmWYrTnHyksOkJGSrmQeQT89HyRxslz7pv9hzP98WoP
https://www.sciencedirect.com/science/article/pii/S0167880908001400?casa_token=ufNAQHFi-w4AAAAA:lKe1dOcMOdUJzieu-MFJfRYkeIzRPf6PZYmWYrTnHyksOkJGSrmQeQT89HyRxslz7pv9hzP98WoP
http://ndl.ethernet.edu.et/bitstream/123456789/4485/1/16.pdf.pdf
http://ndl.ethernet.edu.et/bitstream/123456789/4485/1/16.pdf.pdf
https://www.old-aj.cz/publicFiles/103_2011-JFS.pdf
https://www.old-aj.cz/publicFiles/103_2011-JFS.pdf
https://www.old-aj.cz/publicFiles/103_2011-JFS.pdf
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s00267-016-0762-7&casa_token=FVTS_4pOJkQAAAAA:aj_FCIjxrKqJnKo09QV6-AzeqPBJwkNxEyMN42EB0xZzuVNzMLtz_VDJTjfQaOZXyH3R0PShm-akwlJrfM8
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s00267-016-0762-7&casa_token=FVTS_4pOJkQAAAAA:aj_FCIjxrKqJnKo09QV6-AzeqPBJwkNxEyMN42EB0xZzuVNzMLtz_VDJTjfQaOZXyH3R0PShm-akwlJrfM8
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s00267-016-0762-7&casa_token=FVTS_4pOJkQAAAAA:aj_FCIjxrKqJnKo09QV6-AzeqPBJwkNxEyMN42EB0xZzuVNzMLtz_VDJTjfQaOZXyH3R0PShm-akwlJrfM8
https://www.sciencedirect.com/science/article/pii/S0378112713005616?casa_token=yXKzbb94ILkAAAAA:eXNjvH29lA7HctwPru1oFF4xgCt8eF7Veav13rSVMSRKVbO0ew7wleWV1AH6T_ITxahRAA__Q7ZA
https://www.sciencedirect.com/science/article/pii/S0378112713005616?casa_token=yXKzbb94ILkAAAAA:eXNjvH29lA7HctwPru1oFF4xgCt8eF7Veav13rSVMSRKVbO0ew7wleWV1AH6T_ITxahRAA__Q7ZA
https://www.sciencedirect.com/science/article/pii/S0378112713005616?casa_token=yXKzbb94ILkAAAAA:eXNjvH29lA7HctwPru1oFF4xgCt8eF7Veav13rSVMSRKVbO0ew7wleWV1AH6T_ITxahRAA__Q7ZA
https://www.sciencedirect.com/science/article/pii/S0378112713005616?casa_token=yXKzbb94ILkAAAAA:eXNjvH29lA7HctwPru1oFF4xgCt8eF7Veav13rSVMSRKVbO0ew7wleWV1AH6T_ITxahRAA__Q7ZA
https://www.sciencedirect.com/science/article/pii/S0378112713005616?casa_token=yXKzbb94ILkAAAAA:eXNjvH29lA7HctwPru1oFF4xgCt8eF7Veav13rSVMSRKVbO0ew7wleWV1AH6T_ITxahRAA__Q7ZA
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11027-007-9105-6&casa_token=fBaIQirPjYcAAAAA:_PvV-Ppo_35nlPSR5RPYtfIwyMmZ7TXwdrGr6LHj3TOOr4mh1f9y2pyBC8WZe_IkNM4aAfesNu-qoYQTefc
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11027-007-9105-6&casa_token=fBaIQirPjYcAAAAA:_PvV-Ppo_35nlPSR5RPYtfIwyMmZ7TXwdrGr6LHj3TOOr4mh1f9y2pyBC8WZe_IkNM4aAfesNu-qoYQTefc
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11027-007-9105-6&casa_token=fBaIQirPjYcAAAAA:_PvV-Ppo_35nlPSR5RPYtfIwyMmZ7TXwdrGr6LHj3TOOr4mh1f9y2pyBC8WZe_IkNM4aAfesNu-qoYQTefc
https://idp.springer.com/authorize/casa?redirect_uri=https://link.springer.com/article/10.1007/s11027-007-9105-6&casa_token=fBaIQirPjYcAAAAA:_PvV-Ppo_35nlPSR5RPYtfIwyMmZ7TXwdrGr6LHj3TOOr4mh1f9y2pyBC8WZe_IkNM4aAfesNu-qoYQTefc
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=55.%09Walkley%2C+A.%2C+%26+Black%2C+I.+A.+%281934%29.+An+examination+of+the+Degtjareff+method+for+determining+soil+organic+matter%2C+and+a+proposed+modification+of+the+chromic+acid+titration+method.+Soil+science%2C+37%281%29%2C+29-38.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=55.%09Walkley%2C+A.%2C+%26+Black%2C+I.+A.+%281934%29.+An+examination+of+the+Degtjareff+method+for+determining+soil+organic+matter%2C+and+a+proposed+modification+of+the+chromic+acid+titration+method.+Soil+science%2C+37%281%29%2C+29-38.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=55.%09Walkley%2C+A.%2C+%26+Black%2C+I.+A.+%281934%29.+An+examination+of+the+Degtjareff+method+for+determining+soil+organic+matter%2C+and+a+proposed+modification+of+the+chromic+acid+titration+method.+Soil+science%2C+37%281%29%2C+29-38.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=55.%09Walkley%2C+A.%2C+%26+Black%2C+I.+A.+%281934%29.+An+examination+of+the+Degtjareff+method+for+determining+soil+organic+matter%2C+and+a+proposed+modification+of+the+chromic+acid+titration+method.+Soil+science%2C+37%281%29%2C+29-38.&btnG=
https://www.researchgate.net/profile/Weifeng-Wang-3/publication/233657188_Positive_Relationship_between_Aboveground_Carbon_Stocks_and_Structural_Diversity_in_Spruce-Dominated_Forest_Stands_in_New_Brunswick_Canada/links/0c960518035b737a60000000/Positive-Relationship-between-Aboveground-Carbon-Stocks-and-Structural-Diversity-in-Spruce-Dominated-Forest-Stands-in-New-Brunswick-Canada.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://www.researchgate.net/profile/Weifeng-Wang-3/publication/233657188_Positive_Relationship_between_Aboveground_Carbon_Stocks_and_Structural_Diversity_in_Spruce-Dominated_Forest_Stands_in_New_Brunswick_Canada/links/0c960518035b737a60000000/Positive-Relationship-between-Aboveground-Carbon-Stocks-and-Structural-Diversity-in-Spruce-Dominated-Forest-Stands-in-New-Brunswick-Canada.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://www.researchgate.net/profile/Weifeng-Wang-3/publication/233657188_Positive_Relationship_between_Aboveground_Carbon_Stocks_and_Structural_Diversity_in_Spruce-Dominated_Forest_Stands_in_New_Brunswick_Canada/links/0c960518035b737a60000000/Positive-Relationship-between-Aboveground-Carbon-Stocks-and-Structural-Diversity-in-Spruce-Dominated-Forest-Stands-in-New-Brunswick-Canada.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://www.researchgate.net/profile/Weifeng-Wang-3/publication/233657188_Positive_Relationship_between_Aboveground_Carbon_Stocks_and_Structural_Diversity_in_Spruce-Dominated_Forest_Stands_in_New_Brunswick_Canada/links/0c960518035b737a60000000/Positive-Relationship-between-Aboveground-Carbon-Stocks-and-Structural-Diversity-in-Spruce-Dominated-Forest-Stands-in-New-Brunswick-Canada.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://www.researchgate.net/profile/Weifeng-Wang-3/publication/233657188_Positive_Relationship_between_Aboveground_Carbon_Stocks_and_Structural_Diversity_in_Spruce-Dominated_Forest_Stands_in_New_Brunswick_Canada/links/0c960518035b737a60000000/Positive-Relationship-between-Aboveground-Carbon-Stocks-and-Structural-Diversity-in-Spruce-Dominated-Forest-Stands-in-New-Brunswick-Canada.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://link.springer.com/content/pdf/10.1038/srep04062.pdf
https://link.springer.com/content/pdf/10.1038/srep04062.pdf
https://link.springer.com/content/pdf/10.1038/srep04062.pdf
https://www.academia.edu/download/85460243/ACampbell1001.pdf
https://www.academia.edu/download/85460243/ACampbell1001.pdf
https://www.academia.edu/download/85460243/ACampbell1001.pdf
https://www.academia.edu/download/85460243/ACampbell1001.pdf
https://www.sciencedirect.com/science/article/pii/S0378112707000734?casa_token=I7_VYa19s-0AAAAA:FbLLzGjrLabJqJAA6HgbJLvB05NYptXARkzC8mSM9D8NbdqdcYqc8fG5gf7f8j2QlSdBtwCB-ZLP
https://www.sciencedirect.com/science/article/pii/S0378112707000734?casa_token=I7_VYa19s-0AAAAA:FbLLzGjrLabJqJAA6HgbJLvB05NYptXARkzC8mSM9D8NbdqdcYqc8fG5gf7f8j2QlSdBtwCB-ZLP
https://www.sciencedirect.com/science/article/pii/S0378112707000734?casa_token=I7_VYa19s-0AAAAA:FbLLzGjrLabJqJAA6HgbJLvB05NYptXARkzC8mSM9D8NbdqdcYqc8fG5gf7f8j2QlSdBtwCB-ZLP
https://www.sciencedirect.com/science/article/pii/S0378112707000734?casa_token=I7_VYa19s-0AAAAA:FbLLzGjrLabJqJAA6HgbJLvB05NYptXARkzC8mSM9D8NbdqdcYqc8fG5gf7f8j2QlSdBtwCB-ZLP
https://www.sciencedirect.com/science/article/pii/S0378112707000734?casa_token=I7_VYa19s-0AAAAA:FbLLzGjrLabJqJAA6HgbJLvB05NYptXARkzC8mSM9D8NbdqdcYqc8fG5gf7f8j2QlSdBtwCB-ZLP
https://www.researchgate.net/profile/Antonio-Trabucco/publication/262914994_Trees_on_farms_an_update_and_reanalysis_of_agroforestry's_global_extent_and_socio-ecological_characteristics/links/0a85e53935ccbe1b66000000/Trees-on-farms-an-update-and-reanalysis-of-agroforestrys-global-extent-and-socio-ecological-characteristics.pdf
https://www.researchgate.net/profile/Antonio-Trabucco/publication/262914994_Trees_on_farms_an_update_and_reanalysis_of_agroforestry's_global_extent_and_socio-ecological_characteristics/links/0a85e53935ccbe1b66000000/Trees-on-farms-an-update-and-reanalysis-of-agroforestrys-global-extent-and-socio-ecological-characteristics.pdf
https://www.researchgate.net/profile/Antonio-Trabucco/publication/262914994_Trees_on_farms_an_update_and_reanalysis_of_agroforestry's_global_extent_and_socio-ecological_characteristics/links/0a85e53935ccbe1b66000000/Trees-on-farms-an-update-and-reanalysis-of-agroforestrys-global-extent-and-socio-ecological-characteristics.pdf
https://www.researchgate.net/profile/Antonio-Trabucco/publication/262914994_Trees_on_farms_an_update_and_reanalysis_of_agroforestry's_global_extent_and_socio-ecological_characteristics/links/0a85e53935ccbe1b66000000/Trees-on-farms-an-update-and-reanalysis-of-agroforestrys-global-extent-and-socio-ecological-characteristics.pdf
https://www.researchgate.net/profile/Antonio-Trabucco/publication/262914994_Trees_on_farms_an_update_and_reanalysis_of_agroforestry's_global_extent_and_socio-ecological_characteristics/links/0a85e53935ccbe1b66000000/Trees-on-farms-an-update-and-reanalysis-of-agroforestrys-global-extent-and-socio-ecological-characteristics.pdf

