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NávAR J, ESTRADA-SALvADOR A & ESTRADA-CASTRILLóN E. 2010. The effect of landuse change in the 
tropical dry forests of Morelos, Mexico on carbon stocks and fluxes. The burning of fossil fuels, deforestation 
and cement manufacturing contribute to carbon emission. The aim of this research was to study how carbon 
stocks and fluxes are influenced by landuse changes in the tropical dry forest of the state of Morelos, Mexico. 
The biomass of standing vegetation was estimated from 40 quadrats (400 m2 each). The biomass of 20 soil 
samples distributed across this ecosystem was also measured. Data on forest cover changes for 1976 and 1993, 
soil organic matter and soil organic carbon were used to predict carbon stocks and fluxes in this ecosystem. 
The annual deforestation rate for the period 1976–1993 was 0.81%, indicating that approximately 1200 ha 
of subtropical dry forest were lost every year. On the other hand, intensive agriculture, including induced 
grasslands increased 0.88% annually in the study area (1300 ha year-1). From 1950 till 2000, landuse changes 
from tropical dry forest to agriculture contributed to carbon emissions of 7.03 (± 4.8) Tg C, of which standing 
biomass averaged 66% and soil organic carbon averaged 34%. Projected landuse changes will likely contribute 
to an additional carbon flux of 3.89 (± 0.73) Tg by the year 2050. Practices to conserve, sequester and transfer 
carbon stocks in this ecosystem are discussed as managing landuse is a means to reduce carbon emissions.
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NávAR J, ESTRADA-SALvADOR A & ESTRADA-CASTRILLóN E. 2010. Kesan perubahan penggunaan tanah 
di hutan kering tropika Morelos, Mexico terhadap stok karbon dan aliran karbon. Pembakaran bahan api fosil, 
pembasmian hutan dan pembuatan simen menyumbang kepada pengeluaran karbon. Kajian ini menyelidiki 
kesan perubahan penggunaan tanah di hutan kering tropika di negeri Morelos, Mexico terhadap stok karbon 
dan aliran karbon. Biojisim pokok hidup di dalam 40 kuadrat (masing-masing 400 m2) dianggar. Biojisim 20 
sampel tanah yang merentasi ekosistem ini juga diambil. Data bagi perubahan litupan hutan tahun 1976 dan 
tahun 1993, bahan organik tanah dan karbon organik tanah digunakan untuk menganggar stok karbon dan 
aliran karbon dalam ekosistem ini. Kadar pembasmian hutan tahunan bagi tempoh 1976–1993 ialah 0.81%. Ini 
menunjukkan yang lebih kurang 1200 ha hutan kering subtropika hilang setiap tahun. Sebaliknya, pertanian 
intensif termasuk padang rumput yang dihasilkan bertambah sebanyak 0.88% setiap tahun di tempat tersebut 
(1300 ha tahun-1). Dari tahun 1950 hingga tahun 2000, perubahan penggunaan tanah daripada hutan kering 
tropika kepada pertanian menyumbang kepada pengeluaran karbon sebanyak 7.03 (± 4.8) Tg C. Sebanyak 
66% daripada jumlah ini berpunca daripada biojisim dirian manakala 34% daripada karbon organik tanah. 
Perubahan penggunaan tanah dijangka akan menambah aliran karbon sebanyak 3.89 (± 0.73) Tg pada tahun 
2050. Amalan memulihara, mensekuester dan memindah stok karbon dalam ekosistem tersebut dibincangkan 
kerana pengurusan penggunaan tanah dapat mengurangkan pengeluaran karbon. 

INTRODUCTION

The greenhouse gases (GHG) that are of 
anthropogenic importance in climate change 
are carbon dioxide (CO2), methane (CH4), 
nitrous (N2O), chlorofluorocarbons (CFC-
11), hydrofluorocarbon-23 (HFC-23) and the 

perfluorocarbon of methane (CF4) (IPCC 2001). 
Carbon dioxide is the primary greenhouse gas 
and represents 60% of the total concentrations 
of all the GHG. The CO2 concentration in 
the atmosphere in 1750 was 280 ppm and the 
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concentration had increased to 384 ppm by 2004 
(IPCC 2007). The observed increase is due to 
organic carbon oxidation caused by burning of 
fossil fuels (76%), deforestation practices (22%) 
and cement manufacturing (2%) (IPCC 2001, 
2007).
 Deforestation is a global problem for several 
reasons. It contributes to global warming 
by producing carbon emissions, diminishes 
biological diversity because forests provide 
habitat for numerous species and alters the cycles 
of several elements including water, carbon and 
nitrogen. FAO (2009) estimated that 13.7 million 
hectares of forest were converted between 1990 
and 1995 in developing countries. Countries 
such as Brazil, Indonesia, Congo Republic, 
Bolivia, Mexico, Venezuela, Malaysia, Myanmar, 
Sudan and Thailand are responsible for the loss 
of 7.4 million hectares of forests, representing 
approximately 50% of all annual deforestation 
(Roper & Roberts 1999). In Mexico, annual 
deforestation averages 600 000 ha (Masera et al. 
1997, CONAFOR 2005).
 The tropical dr y forests of Mexico are 
distributed from southern Sonora to Chiapas 
in southern Mexico in the western coast of the 
Pacific Ocean and from southern Tamaulipas 
to Chiapas in the eastern coast of the Gulf of 
Mexico. This is one of the ecosystems that face 
high anthropogenic pressure for landuse changes. 
Although evaluations of carbon emissions that are 
produced by deforestation have been conducted 
at the global (Brown 1997, Achard et al. 2002, 
2004, DeFries et al. 2002, Houghton 2005, Hansen 
et al. 2008), national (Masera et al. 1997) and 
regional levels (Návar-Cháidez 2008), data on 
carbon emissions produced by landuse changes 
in the tropical dry forests of Morelos, Mexico have 
not been reported. This information is required 
in order to develop sustainable management 
plans for native vegetation. More specifically, 
different protocols propose economic incentives 
that will increase forestation, reforestation and 
changes of landuse practices that sequester 
carbon from the air, reduce the rate of carbon 
emissions or transfer carbon to stable sinks. The 
present report was aimed at (a) calculating how 
carbon stocks and fluxes were influenced by 
deforestation practices, (b) projecting carbon 
stocks and emissions for the period 1950–
2050 and (c) recommending practices for the 
sustainable management of tropical dry forests 
in the state of Morelos, Mexico.

MATERIALS AND METHODS

The state of Morelos is located to the south 
of the metropolitan area of Mexico. The state 
covers 4888 km2. It is one of the smallest  
states in the Mexican republic (INEGI 2002) 
(Figure 1). Morelos has an average annual 
rainfall and temperature of 1130 mm and 20.5 °C 
respectively (Aguilar 1999). The arboreal strata of 
plant cover are represented by Conzattia multiflora, 
Amphipterygium adstringens, Ipomoea wolcottiana, 
Lysiloma divaricata, Ceiba parvifolia, Wimmeria 
persicifolia, Bursera ariensis, Lysiloma tergemina, 
Bursera copallifera, B. glabrifolia, B. bipinnnata, 
B. longipes and B. morelensis, among others. In 
the state of Morelos, the following types of soils 
exist: fluvisoles, andosoles, leptosoles, feozems, 
regosoles, arenosoles, vertisoles, lixisoles, 
castañozems, cambisoles and chernozems 
(Aguilar 1999). Feozems are present in large 
portions of Morelos. 
 Carbon stocks in tropical dry forests were 
estimated from several biomass components: 
(a) aboveground vegetation, (b) belowground 
compartment (roots) and (c) soils (organic 
carbon). Carbon content in litter was not 
accounted for in these measurements because 
preliminary observations indicated that the 
organic layer of the top soil was very thin.
 The aboveground biomass of the tropical dry 
forest community was estimated using dasometric 
variables measured in quadrats and applying the 
allometric equation described by Návar (2009) 
for dry forests. This equation is 0.081D2.413. It 
produces aboveground biomass estimates that 
are similar to the equation proposed by Brown 
(1997) for worldwide tropical dry forests: 34.4703 
– 8.0671 × D + 0.6589 × D2, where D = diameter 
at breast height (dbh). The equation presented 
by Návar et al. (2002) was used to estimate coarse 
root biomass: Br = 2.93 + 0.56 BA, where Br= 
coarse root biomass and BA = aboveground 
biomass. This equation was developed for roots 
with diameters greater than 0.5 cm for the 
tamaulipan thornscrub of north-east Mexico. 
The equation uses total aboveground biomass as 
the independent variable to predict coarse root 
biomass of the A and B horizons.
 A total of 40 quadrats (400 m2 each one) 
distributed throughout the tropical dry forest 
were plotted for dasometric measurements. The 
quadrats were 40 × 10 m, and all trees and shrubs 
with dbh greater than 7.5 cm were measured. 
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Within each quadrat, a subplot with an area 
of 12.56 m2 (3.54 × 3.54) was established to 
sample saplings with dbh < 7.5 cm and height ≥  
25 cm. Within each subplot a surface of 1 m2 
was established and used to measure herbaceous 
cover. Quadrats were placed systematically across 
the distribution of the tropical dry forest in the 
region, mainly in the centre and the southern 
parts of Morelos state. In each region, quadrats 
were randomly located in order to sample the 
typical conditions and the main sources of spatial 
variation in the physical characteristics of plant 
cover. The measured values for the vegetation 
were top height, height of clean bole, basal 
diameter, dbh and canopy cover.
 For the estimation of soil organic carbon, 
the following variables were measured: depth 
by soil horizon, content of organic matter,  
content of organic carbon and bulk density. Soil 
samples were collected from 20 sites, 10 within 
the tropical dry forest and 10 in adjacent areas 
dedicated to conventional agriculture. This data 
points provided the required information to 
measure the soil carbon content to a depth of  
50 cm. For this calculation, the following physical 
equation was used:

 M  = Pb × V                                             (1)

where 
 
 M = soil mass (Mg ha-1) 
 Pb = soil bulk density (Mg m-3) 
 V  = volume of the soil (m3)
 
 The soil bulk density (Pb) generally changes 
with soil depth. This trend was previously 
anticipated by Post (2002) and further developed 
for local use by Návar-Cháidez (2008). Therefore, 
the parameter estimates were calibrated using  
using the equations:

 Pb(z)  = αZβ

 SOC(z) = α × Exp–βZ                                                 (2)      
  
where 
 
 z  = soil depth (cm) 
 α and β = statistical parameters
 SOC = soil organic carbon

 Measured soil bulk density and soil organic 
carbon (SOC) content take the initial value from 
α. The parameter of change for soil bulk density 
and SOC content as related to changes in soil 
depth was taken from Návar-Cháidez (2008) for 
vertisolic soils of the coastal plain of the northern 
Gulf of Mexico.

Figure 1     The location of the state of Morelos in Mexico
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 Landuse changes or changes in plant cover 
were analysed using digital cartography tools as 
well as landuse and vegetation data acquired from 
the Mexican Institute of Statistics, Geography 
and Informatics (INEGI). These data are called 
the Series data and so far comprises Series I, 
which was developed for landuse/cover of 1976 
and Series II, which was developed for landuse/
cover of 1993. Vegetation maps for 1976 and 
1993 were overlaid in order to estimate the 
fate of land cover with special emphasis on 
tropical dry forest ecosystems, agricultural uses 
and grasslands. The rate of deforestation was 
calculated as the area covered by tropical dry 
forest that shifted to agricultural or grassland 
areas from 1976 till 1993. With this information, 
the annual rate of deforestation was estimated. 
Using other deforestation rates (2.70, 1.40, 1.26 
and 2.31%) calculated for Mexican tropical dry 
forests (Trejo & Hernández 1996, Trejo & Dirzo 
2000, PEOT 2000, SEMARNAT 2002), in addition 
to this estimate (0.81%), we calculated the mean 
(1.70%) and confidence intervals (0.69%) for 
the deforestation rate. An average deforestation 
rate has the advantage that it is consistent with 
other regional landuse change estimates and 
it smoothens the short spatial and temporal 
changes. However, it has the disadvantage in that 
it is fixed over time, since land-cover change is a 
disjointed process, with irregular periods of rapid 
change (Geist & Lambin 2005). This information 
was used to project backwards to 1950 and 
forward to the year 2050 for the area covered 
by tropical dry forest in Morelos (model 3). The 
current land cover of the tropical dry forests 
in Morelos was taken from Palacios Prieto et al. 
(2000) for the year 2000 since these statistics were 
more precise than the area covered by tropical 
forests for the 1996 map.

 At = x = (A2000) × 1 ± r (± Cl)        (3)      

where
 
 r  = annual rate of deforestation 
 t  = time (years) 
 x  = year (1950–2050) 
 A  = area covered by tropical dry forests (ha) 
 Cl = confidence limits

 The procedure of estimating carbon stocks 
and fluxes consisted of four steps: (1) estimating 
the mean annual rate of deforestation (and 

confidence interval), including estimates derived 
from this study, (2) projecting the area covered 
by tropical dry forest, taking the area covered by 
tropical dry forest in 2000 as the basis (Palacios- 
Prieto et al. 2000), (3) calculating the carbon 
stocks in vegetation and soils covered by tropical 
dry forests and agricultural lands, using a carbon 
factor transformation of 0.50 (Mohren & Klein 
Goldewijkt 1990, Silva-Arredondo & Návar-
Cháidez 2009) to transform biomass to carbon 
density and (4) estimating carbon fluxes by 
subtracting the carbon stocks of year i from year 
i – 1. This procedure did not take into account 
the abandonment of agricultural lands and the 
recovery of the vegetation, nor did it consider 
gradual changes of soil carbon after clearings 
due to a lack of data. This is technically justified 
because the agricultural lands remain as such in 
most of the cases, with fertilisers used to maintain 
the fertility. On the other hand, in many cases it 
took no more than five years to reduce carbon 
stocks to 60–80% of the original carbon level 
(Návar-Cháidez 2008). Projections of gradual 
shifts in carbon stocks have a very small influence 
on the balance of soil carbon when projections 
of agricultural degradation of soil carbon  
reach 80% (Návar-Cháidez 2008). Finally, 
practices are recommended to mitigate the loss 
of carbon in the tropical dry forest of Morelos, 
Mexico.
 Three viable alternative practices to reduce 
carbon emissions or to conserve carbon stocks 
of the tropical dry forests in the state of Morelos, 
Mexico are proposed: (a) the elimination of 
landuse changes; (b) the implementation of agro-
silvicultural practices in ¼ of the deforested area; 
and (c) the continuation of deforestation with 
zero tillage practices implemented in deforested 
lands. The elimination of landuse changes 
assumes that business as usual scenarios remain 
constant over time, with a constant area covered 
by tropical dry forests. The second alternative 
includes the quick establishment of trees on ¼ 
of the area in the already deforested landscape. 
Desirable trees are selected by farmers for shade, 
forage, fruits, timber, etc. This alternate practice 
assumes that all trees have the same growth rate  
over time. The last practice is to keep the rate of 
deforestation constant over time, however, soils 
remain under zero tillage practices. Soil carbon 
is conserved and carbon in trees is gone with 
shifting cultivation.
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RESULTS AND DISCUSSION

Aboveground and root biomasses, and carbon 
stocks on the plant cover of this ecosystem 
are reported in Figure 2. Large confidence 
intervals were related to the differential degree 
of disturbance by human-induced activities such 
as overgrazing and selective cutting of trees. The 
SOC and organic matter contents are reported 
in Figure 3. As expected (Figure 3), there were 
greater contents of soil organic matter and 
SOC in temperate forests (13.83 and 8.02%) in 
comparison with the tropical dry forest (8.19 and 
4.75%) and agricultural lands (4.18 and 2.43%). 
This means that the conversion of a temperate 
coniferous forest or a tropical dry forest to 
agricultural use releases an average of 5.6% or 
2.3% of the carbon stored in the soil to a depth 
of 50 cm, in addition to all carbon contained in 
aboveground biomass.
 The soil bulk density averaged 1.47 g cm-3 with a 
standard deviation of 0.173 g cm-3 and a confidence 
interval of 0.170 g cm-3 (Table 1). This level is 
relatively high and can be explained by natural 
disturbances such as the extent of soil compaction 
that occurs during tillage practices. Other sources 
of error in the estimation of this parameter include 
error in the calculation of the displaced volume by 
paraffin during the immersion process and during 
collection of soils in the field.

 The data for soil bulk density and the 
amount of carbon indicated that soils covered 
by temperate forests, tropical dr y forests 
and neighbouring agricultural lands next to 
tropical and temperate forests at a depth of  
50 cm averaged 59 (± 34), 34 (± 6), 8 (± 29) and 
18 (± 4) Mg C ha-1 respectively. These figures 
varied between 6 and 12 kg of C m-2. They are in 
complete agreement with the global distribution 
of SOC developed by Post (2002) for tropical 
dry forests.
 The annual rate of deforestation for the 
tropical dry forest from 1976–1993 was estimated 
at 0.81% (Table 2). The rates of deforestation for 
the tropical dry forest as estimated by different 
researchers for different periods are displayed 
in Table 2. Landuse changes resulted in a loss of 
approximately 20 000 ha of tropical dry forest and 
a little over 2000 ha of temperate oak and oyamel 
forests, predominately as part of conversion to 
agriculture and induced grasslands during the 
study period (Table 3, Figure 4).
 Based on the forest inventory of Palacios-
Prieto et al. (2000), the area covered by tropical 
dry forest in Morelos for the year 2000 was slightly 
greater than 105 800 ha. Assuming a similar 
deforestation rate in the past and projected into 
the future, estimates for 1950 indicated that the 
mean (confidence interval) area covered by 
tropical dry forests was 242 374 ha (310 695 and 

Figure 2 Mean (confidence interval) above- and belowground biomass components and total carbon stocks 
in the tropical dry forest of Morelos, Mexico. BAG = aboveground biomass, BR = root biomass and 
TCSB = total carbon content in tree biomass.
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165 758 ha) and estimates for the year 2050 show 
that the area will be reduced to 51 832 ha (67 256 
and 63 366 ha) (Figure 5).
 Mean (confidence interval) carbon stocks in 
tropical dry forests for year 2000 was 6.87 (0.38) 
Tg C (Figure 6). In the 1950s, mean (confidence 
interval) carbon stocks was 14.76 (5.43) Tg C. 
For the year 2050, estimates indicate a mean 

(confidence interval) of 3.17 (0.88) Tg C of 
remaining tropical dry forests in the state of 
Morelos, Mexico.
 For the year 2000, mean (confidence interval) 
carbon fluxes was in the order of 0.093 (0.038) Tg C 
(Figure 6). Mean (confidence interval) cumulative 
carbon emissions for the period 1950–2000 was  
7.01 (4.8) Tg C and for the period of 1950–2050 

Figure 3 Soil organic matter (a) and soil organic carbon (b) contents of the tropical dry forest, agricultural 
areas and temperate forest in the state of Morelos, Mexico. TDF = tropical dry forest, TF = temperate 
forest, ATDF = dry land agriculture next to tropical dry forest and ATF = irrigation agriculture next 
to temperate forest.
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total (confidence intervals) carbon emissions 
would be 12.94 (4.76) Tg C from the deforestation 
of tropical dry forests in the state of Morelos, 
Mexico.
 Some of the viable alternative practices to 
reduce carbon emissions or to conserve carbon 
stocks of the tropical dry forests in the state of 
Morelos, Mexico are (a) the elimination of landuse 
changes (Figure 7), (b) the implementation of 
agro-silvicultural practices in ¼ of the deforested 
area and (c) the continuation of deforestation 
with zero tillage practices implemented in 
deforested lands. These practices would conserve 
(alternative practices – baseline scenario) a total 
of 2.77, 1.69 and 1.95 Tg respectively for the  
period of  2010 till 2050. Eliminating deforestation 
and implementing zero tillage practices in 
deforested lands would reduce carbon emissions 
the most.

 The mean total biomass was 47.3 Mg ha-1 

(Figure 2), an amount that is somewhat similar 
since Návar (2009) reported a mean estimate of  
51 Mg ha-1 for total aboveground biomass for two 
tropical dry forests of eastern Sinaloa, Mexico. 
Several sources and degrees of disturbances 
in Morelos are likely to have an impact on 
aboveground biomass. When adding together 
below- (root) and aboveground biomasses, total 
stand biomass had a mean (confidence interval) of 
64 (14) Mg ha-1. Castellanos et al. (1991) estimated 
for the tropical dry forest of Jalisco, Mexico a 
mean of 73.6 Mg ha-1. Thus, based on the present 
study, the carbon content in plant cover averaged 
31 (7) Mg ha-1 which is in agreement with the 
estimations of Castellanos et al. (1991) of 33 Mg 
ha-1 for a tropical dry forest of Jalisco, Mexico and 
of Hughes et al. (2000) of 44 Mg ha-1 for a tropical 
deciduous forest of southern Mexico.
 The soil contains an important C pool. To 
a depth of 50 cm, the tropical dry forest had a 
mean (confidence interval) of 34 (6) Mg ha-1. 
This figure is 3.5 g kg-1 and when interpolated to 
1 m soil depth (70 Mg ha-1) results in 7.0 g kg-1. 
This figure is within Holdridge zones of deserts, 
thorn steppes and dry forests elaborated by 
Post (2002). Either of these figures is somewhat 
low in contrast, for example, to the tamaulipan 
thornscrub ecosystem, which has a weighted 
mean of approximately 136.5 Mg ha-1 (Návar-
Cháidez 2008). De Jong et al. (2000) reported 
between 120 and 140 Mg ha-1 for deep soils of 
tropical evergreen forests of southern Mexico. 
 Projections of landuse cover indicated that 
from the period 1950–2000, the Mexican state of 

Soil Bulk density
(g cm-3)

Soil 1 1.687

Soil 2 1.525

Soil 3 1.286

Soil 4 1.386

Mean 1.471

Standard deviation 0.173

Confidence interval 0.170

Table 1 Soil bulk density of diverse landuse/cover 
of Morelos, Mexico

Researcher Time period Forest Rate of deforestation %

Trejo and Dirzo (2000) 1973–1989 Tropical dry forest 1.40

PEOT (2000) 1900–2000 Tropical dry forest 1.26

SEMARNAT (2002) 1983–2000 Tropical forest 2.31

Mas et al. (2004) 1976–2000 Tropical forest 0.76

Trejo and Hernández (1996) 1976–1983 Tropical dry forest 2.70

This report 1973–1996 Tropical dry forest 0.81

Mean 1.64

Standard deviation 0.80

Confidence interval (α = 0.05) 0.64

Table 2 Rates of deforestation as estimated by different researchers for the tropical dry forests of Morelos, 
Mexico
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Morelos had lost 121 366 ha or a little above 50% 
of the original tropical dry forest that existed in 
the 1950s. In Mexico, tropical dry forests in the 
1950s covered approximately 16 million hectares, 
less than a third of which remains today because 
of deforestation (Quadri de la Torre 2000). By 
1990, only 27% remained intact and at the local 
scale, close to 60% of the original vegetation had 

been lost and only 19% remained in a forested 
condition (Trejo & Dirzo 2000). In Costa Rica, 
tropical dry forests once made up 42% of all 
forests in the tropics, but half of the dry forests 
had been cut down and others faced similar 
threats. These ecosystems support a large fraction 
of the human population in the tropics, and as 
a result, are under intense pressure (Murphy & 

Figure 5 The means and confidence intervals on the area covered by tropical dry forests (TDF) in the state 
of Morelos, Mexico

Figure 4 Landuse/cover for 1976 and 1993 for the Mexican State of Morelos. Oak forest (BQ), oak–pine 
forest (BQ/P), oyamel forest (BO), pine forest (BP), pine–oak forest (BP/Q), cloud forest 
(BM), water body (CA), grassland (PI), tropical dry forest (TDF) and dry agriculture (AT) 
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Lugo 1986). Since dry climates are preferred to 
very wet climates in the tropics, large population 
concentrations occur in dry forest life zones. 
Tropical dry forests not only provide space for the 
expansion of human population but are also used 
intensively as a source of fuelwood and charcoal. 

Grazing animals are also often allowed to roam 
freely in dry forests. The area experiences a quick 
expansion of rain-fed and irrigated agriculture, 
and cattle beef ranching. 
 The conservation of tropical dry forests is 
of local, national and global importance. The 

Figure 6 Means and confidence intervals of carbon stocks and fluxes caused by deforestation in the tropical 
dry forest of Morelos, Mexico
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promotion of new policies on landuse change 
and management can reduce carbon emissions 
in the agricultural sector. For example, modifying 
the forestry law to reduce the scale of landuse 
change or to increase the time allotted for 
abandoned lands to recover their original plant 
community would eventually cause fewer private 
and communal lands to be cleared. Conservation 
of carbon stocks under the new policy scenario 
would be a function of the area allowed for 
clearing and the time period to return to forests. 
 In recently cleared lands, conservation of 
the  SOC must be of primary concern since only 
organic carbon in total aboveground biomass 
would be released, accounting for only 34% of 
the total organic carbon stocks in the system. 
Currently, approximately 1600 ha year-1 are 
cleared for farming in this ecosystem and this 
results in the loss of important quantities of 
SOC (34%) in five years. Since most of the newly 
cleared lands are used for rain-fed and irrigated 
agriculture, a feasible way to preserve carbon is 
to implement non-till, minimum tillage or tillage 
conservation practices at the beginning of the 
farming process. Of the area cleared each year, 
approximately 25 500 Mg C could be conserved 
annually if no-till conservation practices were 
implemented. High fertiliser and pesticide 
expenditures used to increase productivity and 
control weeds respectively may limit the ability 
of farmers to carry out these practices unless a 
carbon credit or payment to farmers is linked to 
non-till agricultural practices.
 Carbon can be sequestered in soils that have 
been under agricultural use for more than  
15 years by promoting non-till or conservation 
practices. Non-till and conservation tillage 
practices associated with efficient irrigation, 
fertiliser and pesticide applications can increase 
SOC (Boyd & Uri 2001, Campbell et al. 2001, 
Follett 2001, Hao et al. 2001). The increase 
can occur by improving yields and subsequent 
organic matter additions to the soil, reducing 
the rate of SOC loss, decreasing CO2 emissions 
from tractors and other tillage equipment, and 
reducing the area cleared by increasing crop 
yield. Since the rate of carbon sequestration can 
be doubled in soil with depleted organic carbon, 
conservation tillage practices can be effectively 
carried out in abandoned irrigated lands. There 
are approximately 3500 ha available for this 
purpose within the range of the tropical dry 
forest in Morelos, Mexico.

 The potential of sequestering carbon by shifting 
from conventional tillage to no-tillage practices in 
agricultural soils is dependent on several factors 
(Yang & Kay 2001). In the US, carbon can be 
sequestered in the range of 337 ± 108 kg C ha-1 
year-1 to a depth of 30 cm. These rates vary from 
300–600 kg C ha-1 year-1 in the Great Plains of 
US, to 100–500 kg C ha-1 year-1 in the Canadian 
prairie region (Follett 2001). This rate of carbon 
sequestration can continue for 20 years before it 
declines (Lal et al. 1999). Therefore, conversion 
from conventional tillage to no-till farming of  
3500 ha could potentially sequester 0.024 Tg C 
in 20 years.
 In the case that landuse/cover changes are 
permitted in only ¾ of the area to be deforested, 
then ¼ of the carbon emissions would be 
eliminated annually. This figure corresponds to 
0.021 Tg per year. It is better to conserve carbon 
stocks than to sequester them using tillage 
conservation practices. 
 Economic incentives to promote carbon 
conservation and sequestration practices in native 
forests and soils are not presently recognised in 
the Convention on Climate Change. However, 
carbon sequestration in agricultural soils may be 
added to any Protocols that respond to climate 
change, making carbon credits or payments 
available to farmers. In the meantime, the 
Mexican forestry law is promoting local markets 
for the environmental benefits provided by forest 
ecosystems.

CONCLUSIONS

The conservation of the tropical dry forest in 
the state of Morelos, Mexico must be a primary 
concern as it would help to mitigate CO2 
emissions. Deforestation of the tropical dry 
forest is causing carbon emissions and is thus 
contributing to climate change. Carbon stocks 
were found mainly in the vegetation (66%) and 
soils (34%) to a depth of 50 cm. Total carbon 
emissions from 1950 till 2000 were in the order 
of 6.6 (4.6) Tg C. Business as usual scenarios for 
deforestation and carbon emissions will result in 
an additional release of 3.2 (0.60) Tg C by the 
year 2050. Therefore, it is recommended that 
efforts focus on the conservation of the tropical 
dry forest and soil carbon through sustainable 
practices such as conservation tillage and agro-
silvicultural practices.
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