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Abstract

:

This study quantifies the aboveground C storage of coffee agroecosystems (AESs) present in the Xalapa–Coatepec region of the state of Veracruz, one of the most important coffee producing regions in Mexico. We identified and determined the spatial distribution of five different types of coffee AESs. Then, through the point-centered quarter method, we measured canopy coverage, total height, diameter at breast height and density of tree species at 160 randomly selected sampling sites. Using allometric models, we estimated the aboveground biomass and the stored aboveground C by tree species and type of AES; and finally, we scaled up our results at the regional level. We found out that the coffee AESs with the greatest and the lowest potential for storing aboveground C are coffee (Co) + talltrees (tree stratum mainly composed of species taller than 15 m) and Co + AcaciaInga (tree stratum mainly composed by Acacia pennatula), with a carbon density as 73.27 Mg C ha    − 1    and 38.47 Mg C ha    − 1    respectively. The 91.2% of the total aboveground C in the studied region is stored by two coffee AES types: Co + talltrees and Co + Inga (tree stratum composed by Inga sp.). The aboveground C storage potential of all five coffee AESs in the central region of Veracruz is 2.43 million Mg C with an average carbon density of 55.12 Mg C ha    − 1   . These results assert that coffee AESs should be considered important C sinks that contribute to the adaptation and mitigation of climate change.
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1. Introduction


The biogeochemical cycle of carbon (C) and its relationship with global warming have occupied the attention of a significant number of researchers worldwide [1,2,3,4]. Two topics stand out from the research involving the flow of C: balance of the global carbon cycle [5] and mitigation of increasing atmospheric   C  O 2    levels through the reduction of emission sources and the increment of C sinks [2,3,6,7,8].



The world’s forests have been estimated to store up to 80% of all aboveground C and about 40% of all belowground (soils, litter and roots) terrestrial C [9]. Therefore, deforestation of these ecosystems has significantly modified the global cycle of C. The potential of forests for the sequestration of C has been evaluated by several researchers who suggest that forest conservation and sustainable management of agroforestry systems can substantially contribute to the global storage and sequestration of C, while providing goods and other environmental services to rural communities in several countries [10,11,12,13,14,15,16,17,18,19,20,21].



Mexico is one of the 14 countries with the highest greenhouse gas emissions; due to the progressive elimination of its forests, it also contributes with 1.5% of the global emission from fossil energy use [22,23,24]. Changes in land use in the tropical forests of Mexico are evident; over the period from 1500 to 1985 tropical forests decreased by 80% and the area of the grasslands increased by 50% [25]. In Mexico, the average of net C emissions as result of tropical forest conversion to agricultural land, fragmentation of forests and land degradation, was estimated at 20.8 Tg/year [26]. However, if natural areas were protected in Mexico, and also new plantations were restored and established, about 150 million Mg of   C  O 2    could be mitigated, as estimated in [23]. In Mexico, forest plantations and agroforestry systems represent the greatest potential for the sequestration of C [14,27,28]. In that sense, several studies report that the coffee agroecosystem (AES), with diversified shade, has great potential to store and sequester   C  O 2    [22,29,30,31,32,33,34,35,36]. Particularly, in the central region of Veracruz, in Mexico, coffee AESs are the most important agroforestry activity according to land use and other socioeconomic factors. Such AESs are characterized by presenting a diversified tree stratum that provides shade to coffee plants and multiple environmental services to society [25,37,38,39,40,41]. Regarding this subject, several studies show evidence proving that these AESs have high potential for the sequestration and storage of C [34,35,42,43,44]. There also exist some studies that estimate the amount of C stored in the aboveground biomass (leaves, branches and stems) of the tree vegetation present in coffee AESs [45,46,47,48,49]. However, there are no studies focused on classifying aboveground C storage at the regional level and by type of coffee AES. Therefore, this study estimates and compares the potential for C storage in the tree component and also estimates the spatial distribution of C density, for the different types of coffee AES present in the central region of Veracruz, in Mexico.




2. Methodology


The study was carried out in the coffee producing region of Xalapa–Coatepec in Veracruz, Mexico, located at 96   ∘  47   ′   and 97   ∘  04   ′   LN and 19   ∘  20   ′   and 19   ∘  38   ′   LO (Figure 1). The conventional classification of five types of AES coffee was used [50]. This classification is based on the physiognomy and dominance of the species present by type of AES (Table 1). AES 1 represents coffee mainly associated with Acacia pennatula as shade, although other tree and fruit species are present; AES 2 presents a tree component dominated by mango with a second stratum composed mainly of Persian lemon; AES 3 is associated with a tree component dominated by mango with a second stratum comprising different tree and fruit species; the tree component of AES 4 is dominated by Inga sp. associated with other tree and fruit species; finally, AES 5 has a tree stratum where tree species heights are greater than 15 m.



An ad hoc algorithm programmed in Avenue scripts compatible with ArcView 3.2 61 GIS (ArcView GIS, 1996) was designed to randomly distribute 160 sampling points within the study area while georeferencing them for early location in the field with a GPS Mca. Garmin 30x (Figure 2). For the distribution of the sampling sites by type of AES, a map with a scale of 1:5000 was used, which shows the spatial distributions of the five types of AES of coffee cultivated by the producers in the study region [50]. Two strata were considered for data collection at each sampling point: the tree stratum is composed of species whose main purpose is to provide shade for coffee plants, and the fruit stratum is comprised mainly by an intermediate stratum where fruit species dominate and whose purpose is to diversify production.



Subsequently, using the technique of quadrant points [51,52,53], we identified, for both strata, the species of each tree located at the sampling points, and also measured the diameter at breast height (DBH) and the basal diameter by using a diametric tape. Total height was estimated with a PM-5/360 clinometer Mca. Sutton, and coverage (%) by direct reading in the field [54]. The field data were processed with an ad hoc computer program developed in MS Visual Basic 6.0, designed specifically for this purpose and with which it was feasible to compute the coverage (%), basal area, above ground biomass (AGB) and C stored for each of tree sampled.



The aboveground biomass (AGB) of each tree was estimated by non-destructive procedures through the application of different allometric models reported in the literature (Table 2). Such models allow one to establish relationships between the AGB and some predictive variable of the vegetation, such as height, DBH or coverage [55,56,57,58,59,60]. In this study, we used different alometric models with high correlation coefficients (  R 2   from   0 . 83   to   0 . 98  ; see Table 2) with predictive variables DBH and total height, for values of DBH   ≥ 10   cm. The criteria (inclusion-exclusion) to decide whether one of the models would be applied or not to particular species were based on the taxonomic similarity between the species found in this research and the species that the allometric model reports. There were species for which more than one model was applied; in such cases, we used the mean of results obtained by each model, as suggested in [61,62,63,64,65,66].



In the case of Musa spp., different equations were used to estimate the AGBs of the different reservoirs (leaves, pseudostem and rhizomes) [67]. The aboveground C stored by tree was estimated through multiplying AGB by a factor of   0 . 5   [68,69]. These results were scaled up at the levels of species (one species is represented by several trees), stratum and type of coffee AES. Then, we estimated the aboveground C (Mg C ha    − 1   ) for each type of AES [13]. Finally, we generated a map showing the spatial distribution of potential C density for each type of coffee AES in the whole study region. We also present descriptive statistics for each type of AES on the distribution and variation of C by species and stratum. A multivariate analysis of variance (MANOVA) was applied to identify statistical significant differences between the aboveground C storage of the distinct coffee AES in the study region (using Wilks statistic with   p < 0 . 05  , and Duncan multirange test for comparison of means with   p < 0 . 05  ). Statistical analysis was carried out using Statistica software (Stat-Soft, 2017).




3. Results and Discussion


We identified 72 tree species present in shade coffee AES distributed across the study region. The specific richness of coffee AES types is: 57 species in the AES coffee (Co) + Inga, 56 in the AES Co + Talltrees, 23 in the AES Co + AcaciaInga, 20 in the AES Co + MaCi and 15 in the AES Co + MaOthers (Table 3). We estimated an arboreal diversity of 79 species, similarly to what was reported for the Sierra de Atoyac in Veracruz, Mexico, by [70]. Meanwhile, in another study conducted for the central region of the state of Veracruz, 64 species were reported [71]. A similar study about arboreal diversity in the region points out that the agroforestry component in coffee plantations is represented by at least 50 species [25]. Additionally, it is worth mentioning that coffee plantations in the studied area match a priority region for the conservation of mesophyll mountain forest in the country. In this sense, our results assert the importance of coffee plantations grown under shade trees as conservation sites of in situ species, especially those that are native from the tropical montane cloud forest [31,72,73,74].



3.1. Content of C by Species and Stratum


For the tree stratum, the species with the greatest carbon storage potential (>0.5 Mg C tree    − 1   ) were: Lonchocarpus guatemalensis, Populus mexicana, Oreopanax capitatus, Enterolobium cyclocarpum, Zinowiewia integerrima, Inga jinicuil, Persea americana, Ceiba aesculifolia, Casearia corymbosa, Vismia baccifera, Grevillea robusta and Quercus sp. On the other hand, the species of the same stratum but that showed a storage of C below 0.5 Mg C tree    − 1    are: Tapirira mexicana, Cassia spectabilis, Manilkara zapota, Cedrela odorata, Clethra mexicana and Trema micrantha, among others. This trend is similar to that found in [35], which used allometric models to estimate the biomasses of different species used as shade in coffee plantations in Matagalpa, Nicaragua. The amount of C stored in the aboveground biomass (AGB) in agroforestry systems depends on multiple factors; e.g., quantity of trees present (number of individuals per ha), size of trees, age, density of the wood, number of components, strata and the spatial-temporal location [75,76]. The above helps to explain why the same species found in different AESs present distinct storage and density amounts of C, and the differences between the amount of aboveground C stored by each type of coffee AES, which varies between 38.47 Mg C ha    − 1    and 73.27 Mg C ha    − 1   , with the greatest amount being found in the tree stratum. In that sense, the regional contribution of the species with the greatest carbon storage potential can be reduced if there are few individuals ha    − 1   , as in the case of Lonchocarpus guatemalensis, Populus mexicana, Oreopanax capitatus, Ceiba aesculifolia, Casearia corymbosa and Vismia baccifera. However, that is not the case for Inga jinicuil, Enterolobium cyclocarpum and Quercus sp., whose contributions at the regional level turn out to be greater, because they have a greater number of individuals ha    − 1   . The results show that the species Inga leptoloba and Inga spuria are species with high planting density and with a wide distribution in all coffee AES since producers prefer them due to their rapid growth, and because they provide a good shade to coffee plants and also represent permanent contribution of litter to the soil that helps improve its fertility [25,38,77]. However, due to their low capacity to store carbon (113.64 and 90.83 kg C per species, respectively) and compared with other sampled species, they cannot be considered promising species to sequester and store C, although this disadvantage can be compensated with other benefits they provide. Individually, some species (kg C tree    − 1   ) do not store significant amounts of C. However, when their density is estimated, some stand out for their greater contributions; such is the case for Inga spuria, Inga leptoloba, Bursera simaruba, Cupania dentata, Cecropia obtusifolia and Citrus sinensis. However, other species stand out for their contributions in both situations; such is the case for Inga jinicuil, Zinowiewia integerrima, Populus mexicana, Enterolobium cyclocarpum, Lonchocarpus guatemalensis, Grevillea robusta, Oreopanax capitatus, Dendropanax arboreus, Leucaena pulverulenta, Trema micrantha, Cedrela odorata and Liquidambar macrophylla. In the fruit stratum, there are very common species, such as Musa sp, Eriobotrya japonica and Citrus sinensis, but they have low potential to store C (32.61 kg tree    − 1   ). Others species, such as Mangifera indica (483.24 kg tree    − 1   ), Persea schiedeana (314.46 kg tree    − 1   ), Pouteria sapota (336.04 kg tree    − 1   ) and Persea americana (275.63 kg tree    − 1   ) have a high potential to store C, but present lower density because they are species not well accepted by the producers, due to their slow growth, low quality shade and competitiveness for nutrients and water with coffee plants if not handled properly, (Table 4).




3.2. C Storage at the Regional Level and by Type of Agroecosystem


The results show that the Co + MaCi and Co + Talltrees AES present the species with the highest average values of C storage, and this is because more than 50% of the sampled species reached C storage greater than 200 kg. The lowest average values corresponded to the Co + MaOthers, Co + Inga and Co + AcaciaInga. In the fruit stratum, the highest values are distributed in the Co + MaCi and Co + MaOthers AES (Figure 3) because in these AES, the individuals of Mangifera indica are widely distributed with an average value of 429.60 and 767.8 kg C, respectively. The largest carbon storage by type of AES is associated with the presence of trees with higher values in height and DBH; the type of AES that presents individuals with lower carbon storage potential in the tree stratum corresponds to Co + Inga and Co + MaOthers, and in the fruit stratum corresponds to Co + Talltrees, Co + AcaciaInga and Co + Inga. The contribution of species depends on their density in each type of AES. The density of C by types of AES shows that with the exception of Co + MaOthers, the tree stratum always records the highest values (Table 5).



The density of C ranges from 38.47 Mg C ha    − 1    in the AES de Co + AcaciaInga to 73.27 Mg C ha    − 1    for the AES Co + Talltrees, and the average storage value of C in coffee AES is 55.12 Mg C ha    − 1    (Table 6)—comparable to the results reported by others authors [78,79,80]. Likewise, another study was conducted on technified agroforestry systems with coffee in the coffee zone of Costa Rica, wherein the reported values varied from 7.5 to 12.5 Mg C ha    − 1   [69]; for the central region of Veracruz, the storage of C reported range from 23.4 to 63.6 Mg C ha    − 1   [45], and for the same region, storage values of C in the tree component of coffee agroforestry systems range from 28 to 117 Mg C ha    − 1   [54]. These values are consistent with those found in this study. On the other hand, the results show that there are species for shade that reach heights greater than 20 m and with densities of 7 to 11 individuals ha    − 1    that have high potential to store C. However, little is known about their mean annual increment (MAI), wood quality and management; such is the case for palo blanco (Zinowiewia integerrima), ixpepel (Trema micrantha), habin (Lonchocarpus guatemalensis), piocho (Melia azedarach), guarumo (Cecropia obtusifolia), quebracho (Cupania dentata), nacaxtle (Enterolobium cyclocarpum), cacao (Tapirira mexicana), nogal (Juglans pyriformis) and jobo (Spondias mombin).



The estimation of the C storage above ground in the AES show that for the tree stratum, the greatest potential is found in the Co + Talltrees and Co + Inga AES, and the lowest potentials were found for the AES Co + MaOthers and Co + AcaciaInga; in the fruit stratum, the AES with the highest storage corresponds to Co + MaOthers. In summary, if a strategy for the conservation of the coffee agroecosystems in the Xalapa–Coatepec region was implemented, there would be an estimated potential for storing C of 2,435,368.44 Mg C in 39,921.33 ha.



Regarding the spatial distribution of C contents by type of AES and C densities, it is noted that the highest densities are around the town of Cosautlán and the small town of Chavarillo and the entire central portion of the studied region that is covered by the AES Co + Inga, whereas the regions of lower density are located in the northern part of Xalapa and the towns of El Castillo, Chiltoyac and 6 de Enero colony (Figure 4).



Despite the potential of coffee AES to store C, the fact of maintaining its updated long-term conservation scheme is uncertain because coffee production is currently not economically viable, although environmentally it is the most appropriate. This uncertainty is based on the international variation of coffee prices, the high incidence of rust and growth of urban sprawl in areas dedicated to produce coffee, among other problems. Therefore, some of the most important leaks that are glimpsed nowadays and which put at risk the permanence of coffee AES in the studied region, are the transformation of coffee AES into fields of sugarcane cultivation, the growth of urban sprawl in the outskirts of the main cities (stimulated by the creation of country-house type units) and the probable negative impacts of climate change [81].



Although this study was limited to the estimation of current aboveground carbon storage in coffee AES, its results confirm the importance of carrying out future research towards the estimation of C storage in other reservoirs, such as roots, mulch and soil, and the measurement of   C  O 2    fluxes (respiration and photosynthesis) in order to allow for the design of models to predict future scenarios that help to explain the carbon balance in the region of study. Moreover, the research should support the importance of preserving coffee AES for the mitigation and adaptation to climate change.



The results of the present research suggest the encouragement of creating a scenario for the preservation of the coffee AES providing a management of the tree component compatible with coffee production oriented to the development of agroforestry systems that can be economically viable and socially acceptable. They also suggest promoting the preservation and improvement of coffee plantations with diversified shade in order to increase the capture of C, and generate added value thanks to wood and other forest products, while reducing the aforementioned leaks. In that sense, in accordance with [82], the results of this study allow us to recommend the use of timber species for shade, and gradually to replace those species of low economic value and low C storage for others with greater potential for capturing and storing C, preferably with local species of proven quality, such as the hormiguillo (Cordia alliodora), cedro (Cedrela odorata), nacaxtle (Enterolobium cyclocarpum) and gravilea (Grevillea robusta), in order to also ensure profits from wood sale. It is even possible to use other species, such as palo blanco (Zinowiewia integerrima), ixpepel (Trema micrantha), guarumo (Cecropia obtusifolia), quebracho (Cupania dentata), encino (Quercus sp) and cedro-nogal (Juglans pyriformis), whose economical importance and wood quality would have to be studied.



Finally, it is important to highlight that allometric models are an essential tool for understanding C storage and fluxes in tropical forests and agroforestry systems [56,57,58,59,75]. We confirmed predictive power of allometric models, since the aboveground C amounts estimated in this paper are consistent with those reported by other studies carried out at the plot level [58,83]. We highlight that our study contributes to reach a regional level perspective on the potential of coffee AES for the mitigation and adaptation of climate change. However, we agree to the importance of evaluating the accuracy of these models and others, including new data of different geographical locations and types of AES [84,85,86,87].





4. Conclusions


The tree species with the greatest potential for storing C in aboveground are Lonchocarpus guatemalensis, Populus mexicana, Oreopanax capitatus, Enterolobium cyclocarpum and Zinowiewia integerrima, while the largest contribution per unit area belongs to Inga sp., due to its high density and wide distribution along the coffee AES.



The largest storage of above ground C in the coffee AES is found at the tree stratum, and in a smaller proportion, in the fruit stratum. The AES Co + MaOthers shows high levels in its fruit stratum due to the presence of mango species (Mangifera indica), which actually plays the role of the tree stratum. The average of aboveground C storage of the five coffee AES turned out to be 55.12 Mg C ha    − 1   . The highest C density corresponded to the AES Co + Talltrees with 73.27 Mg C ha    − 1   , while the lowest value was for Co + Acacia + Ingas with 38.47 Mg C ha    − 1   .



The potential storage of C in the coffee AES of the Xalapa–Coatepec region is 2.4 million Mg distributed across an area of 39,921.33 ha. Because of the extension they cover and their strategic geographical distribution in the central region of Veracruz, it is strongly suggested that these coffee AES be considered as sinks of C.



We highlight the importance of carrying out future research aimed to: (i) estimate the C storage in other sinks, such as roots, soil, leaf litter, weeds and epiphytes; (ii) consider the dynamics of C sequestration; and (iii) establish a baseline for identifying and analyzing possible leaks.



This study shows the importance of valuing coffee AES with shade present at the Xalapa–Coatepec region, in other regions of Mexico, and in the world as true C sinks and other environmental services providers. Thus, to argue the creation of programs focused on sensitizing the society and proper institutions in order to promote their conservation.
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Figure 1. Location of the study site in the central region of the state of Veracruz, México. 
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Figure 2. Map showing the spatial distribution of sampling sites by type of coffee agroecosystem in the study region, Veracruz, México. 
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Figure 3. Average C stored by tree (kg tree    − 1   ) by stratum and type of coffee agroecosystem. 
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Figure 4. Spatial distribution of C density (Mg C ha    − 1   ) by type of coffee agroecosystem (AES) in the central region of the state of Veracruz, Mexico. 
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Table 1. Surface and number of sampling points by type of coffee agroecosystem in the central region of Veracruz, México [50].
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	No.
	Agroecosystem (AES)
	Surface (ha)
	Sample Points (n)





	1
	Coffee + Acacia + Inga (Co + AcaciaInga)
	3039.25
	10



	2
	Coffee + Mango + Citrus (Co + MaCi)
	564.98
	9



	3
	Coffee + Mango + Others (Co + MaOthers)
	1148.67
	6



	4
	Coffee + Ingas (Co + Inga)
	18,862.87
	65



	5
	Coffee + Tall trees (Co + Talltrees)
	16,305.56
	70



	Total
	
	39,921.33
	160
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Table 2. Allometric models used in the present study for the estimation of aboveground biomass.
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	Model
	    R 2    
	Source





	   L n ( A G B ) = − 2 . 193 + 2 . 412 l n ( D B H )   
	
	



	  D B H =   diameter at breast height in cm
	0.9860
	[64]



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   L n ( A G B ) = − 1 . 969 + 2 . 189 l n ( D B H )   
	
	



	  D B H =   diameter at breast height in cm
	0.9750
	[64]



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   A G B = e x p [ − 3 . 1141 + 0 . 9719 l n  ( D B  H 2  H )  ]   
	
	



	  D B H =   diameter at breast height in cm
	0.9700
	[63]



	  H =   tree total height in m
	
	



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   A G B = 46 . 38055 − 0 . 031558 D B  H 2  H   
	
	



	  D B H =   diameter at breast height in cm
	—
	[65]



	  H =   tree total height in m
	
	



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   L n ( A G B ) = − 1 . 9968 + 2 . 4128 l n ( D B H )   
	
	



	  D B H =   diameter at breast height in cm
	0.9840
	[66]



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   L n  ( A G B )  = − 1 . 97414 + 0 . 827379 l n  ( D B  H 2  H )    
	
	



	  D B H =   diameter at breast height in cm
	0.8300
	[62]



	  H =   tree total height in m
	
	



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   L n  ( A G B )  = − 2 . 25737 + 0 . 827843 l n  ( D B  H 2  H )    
	
	



	  D B H =   diameter at breast height in cm
	0.8600
	[62]



	  H =   tree total height in m
	
	



	  A G B =   aboveground biomass in kg tree    − 1   
	
	



	   L n ( A G B ) = − 1 . 54321 + 2 . 247891 l n D B H   
	
	



	  D B H =   diameter at breast height in cm
	0.9840
	[62]



	  A G B =   aboveground biomass in kg tree    − 1   
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Table 3. Density and richness of species identified by type of coffee agroecosystem in the central region of Veracruz, Mexico.
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	Agroecosystem
	Stratum
	Density (ind ha−1)
	Species
	Surface (ha)
	Sample size (n)





	Co + AcaciaInga
	arboreal
	114
	15
	3039.25
	40



	
	fruit
	73
	8
	
	40



	Co + MaCi
	arboreal
	83
	12
	564.98
	32



	
	fruit
	90
	8
	
	32



	Co + MaOthers
	arboreal
	144
	9
	1148.67
	20



	
	fruit
	159
	6
	
	24



	Co + Inga
	arboreal
	184
	39
	18,862.87
	260



	
	fruit
	142
	18
	
	256



	Co + talltrees
	arboreal
	114
	40
	16,305.56
	280



	
	fruit
	73
	16
	
	280



	Total
	
	
	
	39,921.33
	1264
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Table 4. Average storage of aboveground C by tree (kg tree    − 1   ) of the most common species found in the study region, Veracruz, México.
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	Species
	Frequency
	Stored Carbon (kg C ha     − 1    )





	Lonchocarpus guatemalensis
	10
	2320.47



	Enterolobium cyclocarpum
	25
	1068.18



	Zinowiewia integerrima
	9
	924.89



	Inga jinicuil
	68
	756.32



	Quercus sp
	16
	510.73



	Mangifera indica
	87
	483.24



	Tapirira mexicana
	11
	399.89



	Persea schiedeana
	17
	314.46



	Persea americana
	18
	275.63



	Bursera simaruba
	15
	262.29



	Grevillea robusta
	13
	256.37



	Leucaena pulverulenta
	18
	241.30



	Dendropanax arboreus
	16
	234.82



	Trema micrantha
	30
	210.63



	Cecropia obtusifolia
	11
	130.63



	Inga edulis
	15
	123.63



	Inga leptoloba
	63
	113.63



	Inga spuri
	170
	90.83



	Syzygium jambos
	13
	89.49



	Heliocarpus appendiculatus
	12
	78.93



	Citrus sinensis
	117
	42.01



	Psidium guajava
	23
	40.46



	Eriobotrya japonica
	55
	32.61



	Citrus reticulata
	22
	22.67



	Citrus latifolia
	16
	17.48



	Musa sapientum
	234
	3.56



	Total
	1264
	9045.27
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Table 5. Total C stored in the aboveground by type of coffee agroecosystem in the study region Veracruz, México. AES = agroecosystem; ACT = average Carbon by tree; ACD = aboveground carbon density; TCAAS = total aboveground Carbon by agroecosystem and stratum; TCAA = total aboveground Carbon by agroecosystem for the entire region.
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AES

	
Stratum

	
Species

	
ACT

	
Trees

	
ACD

	
Surface

	
TCAAS

	
TCAA




	

	

	

	
kg

	
Ind·ha     − 1    

	
Mg·C· ha     − 1    

	
ha

	
Mg·C

	
Mg·C






	
Co+AcaciaInga

	
arboreal

	
15

	
261.67

	
114

	
29.86

	
3039.25

	
90,752.01

	
116,919.25




	

	
fruit

	
8

	
117.97

	
73

	
8.61

	
3039.25

	
26,167.94

	




	
Co+MaCi

	
arboreal

	
12

	
375.10

	
83

	
31.17

	
564.98

	
17,610.43

	
27,243.34




	

	
fruit

	
8

	
188.78

	
90

	
17.05

	
564.98

	
9632.91

	




	
Co+MaOthers

	
arboreal

	
9

	
165.15

	
144

	
23.80

	
1148.67

	
27,338.35

	
70,367.52




	

	
fruit

	
6

	
234.43

	
159

	
37.46

	
1148.67

	
43,029.18

	




	
Co+Inga

	
arboreal

	
39

	
226.34

	
184

	
41.67

	
18,862.87

	
786,007.46

	
1,026,708.25




	

	
fruit

	
18

	
89.67

	
142

	
12.73

	
18,862.87

	
240,121.22

	




	
Co+talltrees

	
arboreal

	
40

	
436.74

	
143

	
62.63

	
16,305.56

	
1,021,217.22

	
1,194,708.38




	

	
fruit

	
16

	
118.14

	
118

	
10.64

	
16,305.56

	
173,491.16

	




	
Total

	

	

	

	

	

	
39,921.33

	
2,435,368.44

	
2,435,368.44
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Table 6. Density of aboveground C (Mg C ha    − 1   ) by type of coffee agroecosystem in the study region Veracruz, Xalapa.
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Agroecosystem

	
Carbon Density (Mg C ha     − 1    )




	
Arboreal

	
Fruit

	
Total






	
Co + Inga

	
41.67

	
12.73

	
54.4




	
Co + talltrees

	
62.63

	
10.64

	
73.27




	
Co + MaOthers

	
23.80

	
37.46

	
61.26




	
Co + MaCi

	
31.17

	
17.05

	
48.22




	
Co + AcaciaInga

	
29.86

	
8.61

	
38.47




	
Mean

	
37.83

	
17.30

	
55.12
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