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Abstract 

Changes in the canopy strncture and species composition as part of the agricultural 

management in traditional and rustic coffee plantations affect the nutrient cycling 

through the alteration in the litter quality and production deposited in the forest floor. 

The use of endemic canopy tree species of the subperennial medium forest in the 

coffee plantations can be an important component for the leaf litter production in 

terms of quality and quantity and can be as well, imp01tant for the nutrient storage, 

litter decomposition and the general physical-chemical characteristics of the soil. 

The objetives of this research was to study the changes in the tree canopy species 

composition and the effect in the quality of the leaf litter and the effect of it in the 

decomposition rates of the litter deposited in the forest floor. A study about the 

contribution and quality of representative species litterfall in traditional (TCS) and 

rustic coffee systems (RCS) and subperennial medium forest (Spmf) was performed 

with the objective to analyze the effect of the litter qualities in the forest floor 

decomposition processes. The study was carried out in the community of San Miguel 

in the Mountain range of Atoyac in Veracruz, Mexico. Nine plots (20 x 50 m), were 

randomly established, three in each of traditional (TCS), rustic coffee plantations 

(RCS) and disturbed sub-perennial medium forest (Spmf). All plot vegetation 

inventoried and Shannon diversity index (H') and Jaccard similarity index (Jee) 

calculated per system. In each plot, four littertraps ( lm2
) were placed to collect leaf 

litter from the trees. The leaf-litter collection was carried out every 15 days for 12 

months. 

Organic matter decomposition process was evaluated using the litterbag method, 252 

litterbags were placed in the nine plots and sampling was perfo1med at interva ls of: 0, 

22, 44, 88, 176 and 352 days. Soil analyses were perfom1ed on the same dates and 

sites of collection of litterbags and included total N, P, K, Ca, pH and organic matter 

content. Differences in tree canopy species composition and litter production 

influenced the litter quality deposited on the forest floor and decomposition and 

nutrient cycling on the systems studied. 



Nutrient analyses of the litterbags contents (Robinsonella mirandae, Co_ffea arnbico, 

Mastichodendron capirii, Piper hispidum, Croton officinalis and a representati ve tree 

species general mixture per system) were pe1fom1ed at each litterbag collection to 

detemune best quality and predict the changes in the leaf litter quality over time. 

Analyses were for total N, P, K, Ca, hemicelluloses, celluloses and lignin contents 

were also detennined. The decomposition rate was calculated by developing the ·'k'" 

constant from the weight loss of the litterbags. Results indicated that litter quality and 

climate influenced decomposition rates and decomposition probably fo llows two 

distinctive phases that ocour with the start of the rainy season and the dry season. 

The parameters that most influenced the decomposition process were lignin:N and 

C:N ratios followed by the initial rates of N and P. Quality species with the highest 

content of N and the lowest initial lignin:N and C:N ratios were Robinsonella 

mirandae/Coffea arabica in Spmf, Mastichodendron capirii and Piper hispidwn and 

these showed the highest rates of decomposition which increased continuously with 

time. Low quality litter represented by Croton officinalis had the lowest rates of 

decomposition and the lowest N, lignin:N and C:N ratios and progressive declines in 

cellulose and hemicelluloses which were approximately linear over time. 

Increasing N and P soil concentration are coffelated with S.O.M. at different times of 

the year, but probably do not have any effect on decomposition rates of litter. In 

general it was concluded that the changes in the tree canopy species composition does 

have an effect on the litter quality deposited in the forest floor of coffee plantations 

and disturbed forest and consequently in the nutrient cycling in the ecosystems. 
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Chapter 1 Genernl introduction 

1.1 Background 

The use of the tree canopy of the tropical native forest as a shade in traditional and 

mstic cacao plantations in Mexico has been practiced since long before the Spanish 

conquest in Ame1ica; mainly in Mexico and Guatemala by cultures such as the Aztecs 

and the Mayans in the meso-Ame1ican area. The cacao systems were based to a large 

extent on religious and social beliefs, which continued being practiced by the natives 

dming the 16th and until 19th century when it was adapted to the coffee culture in the 

area of Veracruz and later in the southern states of Mexico, mainly Oaxaca and 

Chiapas. 

The evolution of the use of the tree shade species for these crops, mainly in coffee, 

has been done mainly during the 20th century, with the inclusion of more specialized 

technics and coffee vaii eties. The use of tropical tree species composition of the 

canopy has replaced native species of the tropical forest for other species such as Inga 

spp., Cecropia obtusffolia, Gliricidia sepium and other leguminous trees, beside of 

some economically valuable woods such as the Swietenia macrophylla (Mahogany) 

and Jug/ans sp. (Walnut), Cordia alliodora, Robinsonella mirandae, Dipholis 

minutiflora and Mastichodendron capirii (Escamilla and Diaz, 2002). 

During the decade of 70 's, the state policy on coffee production and 

commercialization was to replace the native and traditional canopy tree species with 

leguminous tree species which shade in the traditional commercial and technified 

coffee plantations, prefeITed species were Inga spp., and Cecropia obtusifolia 

(Martinez, 1988; Moguel and Toledo, 1999), which caused fragmentation of the 

native vegetation of the zone of neo-tropical vegetation of Mexico and resulted in an 

overall native species alteration (Faminow and Ariza-Rodriguez, 200 I , Hietz, 2005). 

Nevertheless, the management of coffee and cacao crops has been more recently 

diversified mainly due to two causes, the socio~economic circumstance of the fam1ers 

and the multipm1)ose use of the forest tree canopy species in these zones (Escamilla, 

1995, 1997). Five typologies of coffee systems with varied canopy use have been 
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proposed (Escamilla, 1993; Moguel and Toledo, 1999): 1. Rustic or Mountain coffee 

system (RCS), in which the canopy of the disturbed tropical forest is used, and a high 

percent of native species are still present as part of the canopy; 2. Traditional co ffee 

system (TCS), which resembles a home garden; 3. Traditional commercial coffee 

system, which uses exotic species such as citrus and other fruits as well as woody 

trees for shade, 4. Specialized coffee system, which uses only a few species as shade 

(Inga spp., Cecropia obtusifolia, Cedrela odorata and others timber species), 5. Open 

to sun or unshedded monoculture. 

The use of shade trees in the canopy of the rustic and traditional coffee plantations is 

basic for the functioning and development of the agro-ecosystem, supporting 

functions such as nutrient cycling, nutrient stock and sustainability of all the other life 

fom1s inside the system. In the case of the traditional and rnstic coffee plantations, 

litterfall quality detem1ines many other processes of basic importance in the forest 

floor such as soil nutrient cycling and mineral nutrient availability. Some impo11ant 

relationships rely on the biodiversity and organic matter decomposition processes 

which can be essential for the functioning of nutrient cycling in the system. 

1.2 Justification of the project 

The importance of tree diversity and their litter contribution to nutrient cycling in 

rnstic and traditional coffee systems has not been widely documented. The study of 

modified natural systems such as the traditional and rnstic coffee plantations that 

differ in canopy tree diversity, composition and litterfall production, can be important 

fo r the study of the litter quality and influence on decomposition processes and 

nutJient turnover in the tropical ecosystems. 

1.3 Hypothesis 

The importance of li tterfall cont1ibution of the tree species diversity in the canopy of 

native forests and coffee plantations is a determining factor in the processes of 

decomposition of organic matter and availability of nutrients in these systems. Where 

the canopy of natural system is altered it is expected to affect the processes involved 
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111 leaf litter production, quali ty, rates of decomposition and finally on the nutrient 

recycling and availability for plants. 

Litterfall quality contributed by the native dominant species 111 the canopy of 

traditional coffee systems is fundamental in the mantainance of the sustainability of 

the nutrient cycling of the system, besides the colonies of decomposer organisms and 

the physical-chemical environmental conditions and climate (Aerts, 1997). The 

diversity and composition of perennial and deciduous tree species are complementary 

mixtures necessary to maintain the sustainability of the system by providing a 

balanced nutrient contribution tlu·ough the litterfall quality. 

1.4 General objective 

To study the influence of the production and quality of the litter of canopy native trees 

in the decomposition process and nutrient turnover in traditional and rustic coffee 

systems and to compare with those of subperennial medium forest 

1.5 Specific objectives 

*To perform a species composition and agroforestry characterization of RCS and 

TCS; 

*To identify the dominant native tree species of the canopy (RCS) and (TCS) coffee 

systems as well in perturbed subperennial medium forest (Spmf) and their 

conttibution to leaf litter production; 

*To study litter quality of the dominant canopy species in RCS and TCS and changes 

in quality over time; 

*To study litterfall quality parameters such as N, P , K and Ca, as well as 

hemicelluloses, cellulose and lignin and their influence on decomposition rates; 

*To analyze the influence of soil and decomposer micro-organisms on decomposition 

processes in relation to the leaf-litter quality 

*Finally to analyse the con-elation between the parameters sh1died and their effect on 

decomposition processes. 
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Chapter 2 Literature review 

2.1 Forests in the world and Mexico. 

Deforestation in tropical zones is not only of ecological concern, but it is a lso an 

indicator of other social, economical and political factors, which equally affect the 

land patterns, forest resources and vegetation cover. Natural forests are being globally 

reduced at an accelerated annual rate of 13.1 million of ha per year, of which the I 0 

richest countries account for two thirds of the total forest area lost (F AO, 2007). This 

is due among other factors to deforestation, growth of the agricultural border in 

tropical zones, fragmentation of forests, demographic growth and the climatic globa l 

change effects that have generated other type of disturbance such as the occurence of 

the climatic phenomenon of E l Nino. The elimination, exploitation and modification 

of the native vegetation have resulted in extensive and irreversible change in most 

forests and jungles of the world, contributing to the problem of global wanning due to 

greenhouse gas production . 

Mexico have a total area of 195,820,000 ha of it 109,072,000 ha was calculated as 

original forest cover, but only 2,364,000 ha (1.2 %) are considered to remain as intact 

fo rest landscape (INEGI, 2009). Sanchez-Colon et al. (2008) estimated that around 

484,000 ha per year are lost annually, less than 6 15,000 ha per year calculated by 

Masera (I 996) and of those around 470,000 ha are of tropical forest. 

Table 2.1 Changes in the forest cover in Mexico (1990, 2000 and 2005). 

Forest type 1990 2000 2005 

(1000 ha) % (1000 ha) % (1000 ha) % 

Primary forest 38,775 19.8 34,825 17.8 32,850 16.8 

Natural forest (n.d.) (n.d.) 64,482 32.9 63,180 32.3 

All fo ,·est 69,016 35.2 65,540 33.5 64,238 32.8 

Rate of annual 1990-2000 2000-2005 

change* -348,000 ha I -0 .5 % -260,000 I -0.4 % 

Source: United Naiions Food and Agriculture Organization (FAO), 2007. 

*Source: http:,/www.fao.o rg/forestry/static/data/fra?005/global tables/'4'1 A l (2006 ). 
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The most important changes in the vegetation cover and land use in M exico are 

because the human activities as ag,iculture and cattle, which fonn part of the 

economic activities in tropical zones. Semarnat (2009) compiled data about the 

changes because of these activities and how it affects the total area of forests and arid 

zones as it shows as fo llows (Table 2 .1 ). 

Table 2.2. Forest cove,· vadation in Mexico (1993-2000). 

Land use 1993 2000 Variation Percentage 
(Ha) (Ha) Area (Ha) (%) 

Agriculture Total 30,198.400 32,803.781 2,605.381 8.63 
Temperate forest 34,666.107 32,851.306 -1,8 14.801 5.24 
Tropical forest 34,387.491 30,816.633 -3,570.858 10.38 
Cattle 27,79 1. 854 3 1,787.163 3.995.309 14.38 
Arid zones bushes 57,959.607 55,810.305 -2,149.302 3.71 
Other 8,886.659 9,820.930 934,27 1 10.51 
Total 193,890.118 193,890.118 0 0 

Source: SEMARNAT. Conafor. Anexo estadist ico. (http://www.conafor.gob.mx (2009). 

2.1.1 Forests in Veracruz, Mexico. 

The tropical and temperate forests of Veracrnz occupy 1.9 million hectares, 26% of 

the tenitory. Only 15,447 hectares are under some type of management, which is 

0.89% of vegetation surface cover. 

The authorized annual logable volume is 150,000 111
3

, but the illegal wood commerce 

is an additional 150,000 m3
. There are 80 registered industries with the capacity to log 

293,000 m3
. The consumption of firewood for fuel is extremely high, about 2 million 

111
3 per year. Veracruz is one of the states with greatest forest destruction, and is 

thought to have lost 70% of its original natural wealth. Official data estimates are that 

until 2005, eve1y year 2,800 ha per year are deforested. Annually, 178 forest fires are 

registered, with an affected surface area of I, 746 hectares. The contribution of the 

forest econornic activity to the state gross income product (GIP) is 0.3 %, occupying 

ninth place in national forest production. The state has about 1.5 million potentia l 

hectares to establish forest commercial plantations (woody and non woody) (lnifap, 

2005; Conafor, 2006 http://conafor.gob.mx/regiones conafor/zona 1 0.htlm). 
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Dirzo and Garcia ( 1992), showed rain forests losses in the Tuxtlas region in Mexico 

over 20 years from 1967 to 1987. The deforestation progressed fro m the lowlands and 

by I 986 about the 84% of the original forest had been lost. It was predicted by the 

same researchers that by the year 2000 only 8. 7 percent of the origina l forest would 

remain in the fom1 of an archipelago of small islands of fo rest fragments. 

Deforestation in this area is caused mostly by clearance for cattle production, fuelled 

by human population growth of more than double in the last 25 years (Krebs, 1994). 

A study in tropical forest vegetation in the mountain range of the Tuxtlas, in Veracruz 

was done by Guevara et al. (2004). This study inc luded the period from 1972 to the 

1993, which, was divided in three intervals: from 1972 to 1986, from 1986 to 1990 

and from 1990 to 1993. In this study, in 1972 the Tuxtlas was composed of 97.0 15 ha 

of tropical and temperate forest, and at the end of the period of study ( I 993) it 

remained only 54.281 ha equivalent to 56% of the initial forest cover. 

The rate of annual deforestation was of 1.89% between 1972 and 1986, 1. 10% from 

1986 to 1990 and later increased to 9.42% in the last period from 1990 to 1993. 

Finally, the last study done during 2004 and 2005 showed that the rate of 

deforestation in the Reserve of the Biosphere of the Tuxtlas was of 1.73%, although 

this study in fact is of only six months because the used satellite photos were from 

November of 2004 to April of2005 ( CONANP, 2006). 

Some of the main forestry species planted are the most valuable timber trees: Cedre/a 

odorata (Cedro), Swietenia macrophylla (Mahogany), Tabebuia rosea, Roseodendron done/1-

smithii (Primavera) and Cordia a/liodora (Xochicuahui tl); and the exotic species: Tecwna 

grandis (Teca) and Gmelina arborea; Temperate species such as Pine (Pinus patu/a, Pinus 

chiapensis, Pinus pseudostrobus, Pinus ayacallllite and Pinus 111011/ezumae) and Abies 

religiosa (Oyamel), Cupressus lindleyii (Cypress), Liquidambar macrop!,y/la (Liquidambar) 

and Quercus spp (Oak) are of less importance. 
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2.1.2 Biodiversity (Flora and Fauna) 

Mexico is considered as one of countries with greatest biological diversity in the 

American continent. The confluence of the two biological regions, the Neartic and 

Neotropical contribute to enhanced biodiversity as well as the topographic extremes 

characterised by fo ur mountain ranges, the SieITa Madre Occidental, Sie1Ta Madre 

Oriental, Sierra Madre de! Sur and the Neovolcanic Axis (Mittem1ier and Mittermier, 

1997). 

Mexico occupies 5th place world-wide in vascular p lants, with 23,522 species and 

esteem that the number could approach 31,000 and a important diversity in beans, 

com and pine species as well. The states with the higest species diversity are 

Michoacan, Guerrero, Oaxaca, Veracruz and Chiapas which have the greater plant 

diversity with 8,248 registered species, and have the 35% of the total vertebrates of 

Mexico (INEGI, 2009). 

It occupies the second place in the world by the variety of species of reptiles, with 804 

of the 8,240 well-known species; the third in diversity of mammals, with 530 of the 

5, 130 existing species; and third as well in number of amphibians, with 361 of the 

6,035 classified species. In birds it occupies the twelfth place, with 1,107 of the 9,721 

species known in the planet (INEGI, 2009). 

Table 2.3. Fungus, Plant and Animal species diversity in the world and Mexico 

World known Mexico known Percentage Mexico steemed 

Group species species (%) species 

Insects 933 000 77 307 8,28 425 000 

Vascular plants 270 000 23 522 8,71 31 100 

Other 
artlu·opocls 11 5 000 JO 000 8,69 75 000 
Other 
invertebrate JOO 000 15 000 15 23 846 
Fungi 72 000 6 000 8,33 7 200 

Seaweed 36 000 2 702 7,5 3 600 

Fish 27 977 2 200 7,86 2 420 
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World known Mexico known Mexico steemed 

Group species species Pe1·centage species 

Mosses 12 800 1 480 11.56 2 000 

Birds 9 721 1 107 11 ,38 1 167 

Reptiles 8 240 804 9,75 812 

Amphibians 6 035 361 5,98 671 

Mammals 5 130 530 10,33 600 

Source: CONABIO. 2009. Capital Natural y 81enestar Social 

(http://www. i negi. org. mx/i negi/conten i dos/es pan ol/prensa/conren i dos/estad i st i cas/2 009/am bienteO. doc) 

Amongst cun-ent assessments of Mexico biodiversity is considered to be within the 10 

more diverse areas of the planet along with Brazil, Indonesia, India and Madagascar 

(Ramamoorthy et al., 1993), which between them contain up to 70 % of the total of 

known species (Mittermeier & Goesttsch, 1992). Mexico· s rain and temperate forests 

contain only around 1 % of the surface of the planet, but are habitat for around one 

tenth of all teITestrial vertebrates and plants known to science (Barton-Bray et al. , 

2003). In the south-east of Mexico, the states of Chiapas and Oaxaca are primary 

considered as the areas of greatest biological diversity, with respect to vascular plants 

26,000 species have been identified, with approximately 1,384 in Veracruz State, 56 

of which are in danger of extinction and 168 endemics are threatened (Vovides, 1981; 

INEGI, 1998) . The regions of the state of Veracruz that are considered as critical 

because of rates of deforestation are: Los Tuxtlas, Uxpanapa, the mountain range of 

Zongolica, Cofre de Perote, Orizaba and Misantla (Toledo and Ordonez, 1993; 

INEGI, 1998). 

2.2 Agroforestry systems (AFS) 

Agroforestry had been practiced in the American continent by ancient cultures such as 

the Aztec and Mayan civilizations centuries ago, some examples are the productive 

.. home-gardens'· in the Olmecan and Mayan cultures or the '"Chinampas•· systems by 

the Aztecs and cacao cultivation in central and south-east Mexico by the Mayan 

society. These agroforestry systems (AFS) in the American continent always had 

some characteristics that linked the religious be liefs with the environment and the 

produc tion of goods such as wood and fruits. Today these systems have changed and 
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adapted to include other exotic species such as Mangifera indica. Citrus spp and 

Co.ffea arnbica amongst others. The traditional coffee and cacao systems are widely 

practiced in the states of Veracruz, Oaxaca and Ch iapas and Tabasco, in which the 

conservation of the tree canopy of the tropical forest is used as cover to provide with 

shade to the coffee or cacao (Escamilla, 1997; Santoyo et al. , 1994). 

The canopy also has an important role in production diversification with comm ercial 

wood, fuels, fruits, medicinal and ornamental species growing all together in the same 

space and time. These AFS in the tropical zones contribute to create the conditions for 

the practice of sustainable agriculture (Budowski, 1992). 

Agroforestry is a relatively new name for ancestral agricultural practices in many 

cases and which is in constant development. Different definitions have been 

developed, one of most complete is by Sinclair in 1999 (Schroth and Sinclair, 2003): 

"Agroforestry is a set of land use practices that involve the deliberate combination of 

woody perennials including trees, shrubs, palms and bamboos with agricultural crops 

and/or animals on the same land management unit in some form of spatial 

an-angement or temporal sequence such that there are significant ecological and 

economic interactions among the woody and non woody components" 

Another definition for agroforestry proposed by the World Agroforestry Center 

(ICRAF, 2000) says: '·Js a dynamic ecologically based natural resource management 

practice that through the integration of trees and other tall woody plants on fan11s and 

ag1icultural landscape, diversifies the production for increased social, economic, and 

environmental benefits" (Schroth et al. , 2004). So then, we have a system which the 

main components are trees that can be used with other components such as shmbs, 

plants, animals and even fish or insects, this definition implies that: 

a). - Agroforest1y nomrn lly is incumbent on two or more species of plants (or plants 

and animals), in which at least one of these is a ligneous perennial species; 

b). - An agroforest1y system always has two or more outputs (exits), 

c). -The cyc le of an agroforest,y system is always greater than a year; 

d). -Even the simpler agroforestry system, is more complex economically and 

ecologicall y (structural and functionally) than a monoculture system. 
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AFS focus on the ecological and socio-economic aspects of a specific zone of study 

and tlu·ough its analysis its potential can be determined. Structurally it is a physical 

des ign of crops in the space or through time and functionally it is tbe unit that 

processes diverse sources of income from light, nutJients, water, into output products 

in the form of food, fibres, firewood, etc. (Nair, 1997), AFS also can be of a farming 

ty pe while includes animals and displays the att1ibutes of any system; limits , 

components, inputs and products, component interactions, a hierarchic organization 

and energy flow dynamics within the parcel (Montagnini, 1992) . Other services from 

the systems include soil nutrient cycling, carbon sequestration (Andrade et al. , 2008) 

soil conservation (Young, 1990) and biodiversity among others. 

The AFS are dynamic, because the conditions of their components and their 

components themselves change through time. Some features demonstrated in 

agroforestry systems hydrological cycle are the diminution of the evapo-tJ·anspiration 

rate of the shaded crop the and the removal of the excesses of humidity in the soil by 

means of transpiration from a dense tree vegetal cover; for example in tea plantations 

in the northwest oflndia (Phatak et al. , 1993). 

An increase in humidity has been recorded by means of horizontal interception of fog 

or clouds in zones with tropical forests; for example with Grevillea robusta in tea 

plantations in Tanzania (Rocheleau and Weber, 1988). Thus AFS can be considered 

as one of the alternatives best adapted for management and conservation of natural 

resources, taking into account their biological, ecological and socio-economical 

characte1istics and can help to enhance the biodiversity of birds and insects between 

o thers (McAdam et al. , 2007). These functions are based on the relation between the 

diverse existing species within the system with respect to the crops, anima ls (cattle or 

other type of management) and including insects and fi sh. 

2.2.1 Structural basis for classification in Agroforestry Systems (AFS) 

AFS can be defined in tem1s of the components and the function of these in terms of 

products or services as well as fo r the a1Tangement or disposition in time and space. 

Some of the criteria that can be used to classify a AFS are a) struc111ra l criteria, which 

refers to the composition of the system elements, including the spat ial mix of the 
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woody elements, the vertical stratification and the temporal nature and atTangement of 

a ll the components of the system; b) functional criteria, refers to the principal function 

o f the woody elements of the system (producing for example fuel, wood or providing 

protection as wind break baniers, be lt protection or ecological spread as soil 

conservation) and, c) socio-economical crite1ia, inputs and outputs refeJTing to the 

economica l and socia l importance of the woody components of the system 

(Budowski, 1992). 

These three criteria are related to each other and are not exclusive, the direct 

intenelation among them because of their strnctural and functional bases are related to 

the ligneous components in the system, whereas the socio-economic stratification is 

refered to the organization of the systems according with certain defined conditions 

which are pa11 of a defined specific strncture (composition and aJTengement of its 

elements) and with function. 

2.2.1.1 Nature of components 

Three basic components are part of the AFS and managed by human beings: Trees 

(woody perennials), plants and herbs (including crops and pastures) and finally 

animals. Some exceptions are other specific systems such as apiculture and 

pisciculture with trees and with these elements is made the most simple classification 

for AFS (MacDicken and Verga ra, 1990): 

Agrisilvicultural: This involves trees, including shrnbs and/or vines 

Silvopastora l: Pasture and/or animals and trees; and 

Agrosilvopastoral: Crops, pastures and/or animals, and trees (Nair, 1997). 

Some of these systems have been widely practiced in the past ancient cultures in 

Asian and American continents as did the Mayan and Aztec cultures (with Home 

gardens and Chinampas), the Incas and the Taungya system in south East Asia to 

name some examples (Krishnamurthy and Avila, 2001). 
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2.2.1.2 Arrangement of components 

This refers to the aITangement of the components in the system in both space and 

time. In some cases the a1i-angement of components of trees and plants can fonn a 

mixed and dense stand, as happens in some home gardens, or can be spread over the 

same land area when the trees are mixed with pastures and animals. There are several 

ways to mix all these components over the space as in rows, strips, alternate blocks in 

smaller spaces and alternate blocks in macro zonal spaces. 

The temporal aITangements can be short or long tenn, depending on the life cycle of 

the trees, plants or animals, and these components can be managed in different ways 

to allow them to regenerate in a natural way by planting / sowing depending on the 

nature of the component. In some cases it can involve a shifting cultivation cycle or 

rotation (as with pastures) over several years. These temporal aITegements can be 

described as coincident, concornmitant, overlapping, separate or interpolated (Huxley, 

1983; Vergara, 1982; Torquebiau, 1990). 

2.2.2 Characteristics of the agroforestry systems (AFS) 

Two of the most impo1tant and intrinsic concepts to all agroforestry systems (AFS) 

are those of sustainability and productivity (King, 1987). An AFS is sustainable when 

deterioration of the productive capacity does not take place, as can happen in 

agricultural systems, where the increase of erosion and the diminution of soil fe1tility 

are two consequences of this type of production management (Panjab-Singh and 

Phatak, 1994). 

According to Torquebiau ( 1990), the main requirements of sustainable ag1;culture are: 

- The conservation of the soil, including the control of the erosion and the 

maintenance of the humidity; 

- The use and conservation of the existing resources of soil, water, light, energy, 

genetic resources and labour; 

- The use of biological interactions betvveen different elements of the system, this can 

be the association of climbing plants and supports, ni trogen fi xation and the biological 

control of weeds and diseases; and 
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- The use of easily available inputs and practices that can assure the health and 

conservation of the environment. 

2.2.2.1 Trees in association with perennial crops 

In agreement with Montagnini (1992), this category of AFS forms the commercial 

exploitation systems of coconut palms, rubber or palm in association with other crops 

like coffee and cacao, including woody and non woody trees. In the cases of cacao 

and coffee crops, the trees constitute the base for many simultaneous systems (Licona 

et al. , 1995; Beer and Somarriba, 1999). In most of the tropical regions where the 

traditional coffee system is cultivated (as happens in Africa and Latin America) it is 

considered as a multistrata system, where a diversity of trees with multiple purposes 

provides the function of shade for the crop (Raintree, 1989). 

The presence of trees in the agricultural production systems contributes to recreation 

of favorable conditions for their sustainability and productivity (Gordon and Bentley, 

1990). These conditions influence the cycling of nutrients, provide protection against 

soil erosion, modification of the microclimate (Tha, 1994), and effects the populations 

of plagues among others (Haggar and Staver, 2001 ; Staver, 2001; Guharay et al. , 

2001 ). The processes that occour in the tropical forests help us to understand better 

the processes that happens within the AFS, in this type of forests, mainly those in 

areas of high precipitation, it is considered that the majo1ity of nut1ients are in the 

living vegetation and in that way are conserved from leaching and soil erosion 

(Jordan, 1985; Montagnini and Jordan, 2005). 

2.2.3 Coffee in agroforestry systems 

Coffee is one of the ag1icultural crops of greatest importance in the world; it is 

produced in more than 50 count1ies which are mainly located main ly between the 

tropics of Cancer and Cap1icom. Main coffee producing countries (by volume) are: 

Brazil, Colombia, Vietnam, Indonesia and Mexico (ASERCA, 2002). ln the east of 

Africa is cultivated in high fertility soil, where it is pa1t of a multishade system of 

woody trees such as Albizia sp and Grevillea sp., which provide shade to the coffee 

crop and probably to other annua l crops like beans (Rocheleau and Weber, 1988). 
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ln Guatemala, this same system of Grevilleo sp., produces small boards and wood 

used to build floors in houses. Other shade coffee systems with diverse trees in Costa 

Rica provides other type of products and services like Eiythrina poeppigiana, fruit 

trees like Musa spp., Citrus spp. , and Mangifera sp., which can have more uses as 

shade, food, medic inal, nitrogen fixation, aesthetical and other wood or fuel 

(Lagennann and Heuveldop, 1983). 

These traditional systems are mainly practiced in tropical zones in which are grown 

cacao and coffee plantations. In these systems a great diversity of species are used and 

like the systems previously described, these include fruit, woody and multipurpose 

trees (Escamilla et al. , 1994; Licona et al. , 1995). The rustic and traditional coffee 

systems are a compound of mainly native representative species of the dominant 

vegetation in the zone, which they share in time and the space. One of the 

characteristics in these systems are the null use of agrochemicals such as fertilizers, 

fungicides and pesticides and they are not mechanized either. 

2.3 Coffee in Mexico 

Coffee was introduced smce 1796 to the region of Cordoba, Veracruz, by Juan 

Antonio Gomez (Regalado, 1996), 1846 plants of coffee were introduced to the state 

of Chiapas expanding the crop afterwards to other states. The first expo1t of coffee 

was in 1803, but it was not until 1882 that Mexico became a coffee exporting country 

(Nolasco, 1985). Coffee is one of the main ag1icultural products of Mexico, 

representing one of the ag1icultural economic bases for the country and takes place in 

twelve producing states with an approximate national total suiface of 690,000 ha. 

Veracruz is the second state contributing 25.2 1 % of the national production, just 

underneath Chiapas and above Puebla and Oaxaca. These four states cont1ibute 

between 86 and 90% of the national production (ASERCA, 2002). 

In Veracruz coffee is cultivated over an area of 152,457 ha; with an annual average 

yield of 11 qq/ha (quintal equals to I 00 kg) . The state central zone constitutes 

approximate ly 85% of the coffee production surface since have optimal agro­

ecological characteristics for the coffee crop. The main producing municipalities are 

Coatepec, Cordoba, Huatusco, Atoyac and Tezonapa (INEGI, 2005). 
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2.3.1 Ecology of the coffee plants 

Some of the most impo11ant environmental elements which define optimal zones for 

coffee production are rain, intensity of solar radiation and temperature which are 

directly related to al titude and latitude that altogether determine the productivity and 

quality of the coffee. Some environmental characte1istic elements fo r coffee plants 

according to Regalado (1996) and Villasenor (1987) are as follows: 

* Altitu de: From sea level to 1,500 metres above the sea level, although the greatest 

proportion of the crop is located over 700 m, which together with the factors of low 

luminosity, fresh temperatures and effects of altitude, favours the growth, fruition and 

quality of coffee (Villasenor, 1987). The altitude is classified low until 600 m, 

medium from 60 I to 900 m and high altitude when more than 900 m. 

*Temperatures: Maximum average from 21.3 to 30.6 °C 

Minimum average between 10 and 19.9 °C 

Mean average between 17.5 and 25.3 °C 

*Precipitation: Maximum annual average 5,075 mm 

Minimum annual average 1,077 mm 

Mean annual average 2,280 rnn1 (national) 

*Effective sun light: From 1,794 to 1,893 hrs per year which is equivalent to 4.9 and 

5.2 hours daily in Chiapas and Veracrnz, respectively. 

*Soil: In most coffee zones, as in the centre of Veracruz, the predominant soil origin 

is volcanic. The best soils fo r the development of coffee plantations are the deep ones, 

with good drainage and suitable aeration. The coffee plant requires mainly acid soils. 

In the Mexican coffee plantation areas the following types of soils are present 

according to the classification elaborated by the F AO (Villasenor, 1987) and INEGI 

(1997): Luvisoles, Rendzinas, Regosoles, Ve11isoles, Fluvisoles, Andosoles and 

Litosoles . 
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2.3.2 Coffee commercial varieties 

The Coffea genus belongs to the Rubiaceae family and includes around 40 species, 19 

of which have an economic impo11ance (Haarer, 1982). The main species in Mexico 

are Cojfea arabica and Cojfea canephora, which are those of greatest economic 

interest. Cojfea arabica is the one of most importance because of its grain quality as 

much in both national and international scope, as well as by its territorial 

representativeness. It is estimated that Coffea canephora or Robusta as is also called, 

occupies no more than 2% of the total area cultivated. Some of the most popular 

va1ieties are Typica, Bourbon, Caturra, Mundo novo, Garnica, Catuai, Cati.mar, 

Maragogype and Robusta (Regalado, 1996). The coffee systems that excel in the 

Cordoba area and Sierra de Atoyac are mainly the traditional multi-crop and rustic 

systems. 

2.3.3 Canopy structure in coffee systems 

The canopy of trees, besides providing shade to the crops, fulfill other functions such 

as being the structural support of the habitat for a great number of species of animals, 

plants, insects and microorganisms, all important components for nutrient cycling and 

health of the system (Beer, 1983). The canopy is composed by the tree component, 

and all the plant and biotic components that grow on it as ephyfites, parasites, and 

other plants that grow in the branches and bark of the trees. 

The trees play important roles which define their importance in the productive 

development of the systems that can be considered in the following way (Nair, 1989, 

1997): Additions to the soil in the form of organic matter, nitrogen fixation, carbon 

sequestration and fixa tion (Cairns and Meganck, 1994), uptake or liberation of 

nutrients that are in the deepest layers of the soil (not entirely demonstrated); 

reduction of erosion and protecting against the loss of organic matter through the 

vegetal cover, reducing erosion factors such as the effects of the sun, rain and winds; 

effects on the physical p roperties of the soil by maintaining or improving the 

structure, porosity and retention of humidity; and effects on the soil chemical 

properties by means of the reduction of the acidi ty or salinity. 
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The presence of trees in agroforest1y systems also can have negative effects such as 

loss of organic matter with harvest, competition for water and nutrients betv.reen trees 

and crops and the presence of allelopathic substances that can be detrimental for the 

other components and in some cases as in the practice of hedgerows or alley cropping, 

it may prevent the erosion but may not maintain the soil fe11ility in high crop yields 

(McDonald et al. , 2002). 

For Somarriba (2004), there is a continuum from a ve1y simple to a ve1y complex 

strncture in coffee systems, and they distinguished the following: 

*Open sun monocultures (with no shade canopy); 

*Coffee plantations with lateral linear tree plantingsin field borders and along roads; 

*Monolayered shade canopies (usually with only one shade species); 

*Two layered shade canopies; 

*Multistorey coffee polycultures with three or more canopy species and with three or 

more vertical strata, and finally; 

*Rustic coffee plantations in which the understo1y of the natural forest is cleared to 

plant the coffee bushes, this system is rich in tree species diversity and has a strncture 

similar to the natural forest, with the lowest yield of all the systems already described. 

According to the origin, type and use of the tree canopy shade in coffee systems, 

Nolasco (1985), identified three production systems, with variations by the 

development degree of development, with a native, semi-native and specialized 

canopy. This classification was modified later by Moguel & Toledo ( 1999) and 

Escamilla et al. ( 1994), characterizing five different systems: rustic or .. mountain' · 

system, traditional polyculture, commercial polycul ture, shaded monoculture and 

unshaded monoculture composed of only coffee plants (Fig. 2 .1 ). These coffee 

systems are distributed in the centre of Veracruz in the fo llowing percentages: 

specialized 54.3%, traditional policultive 31.5%, commercia l policulti ve 12.2%, and 

the rustic and unshaded monoculture the remaining 2% (ASERCA, 2002). 
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The pr~duction of coffee in Mexico was initiated under the rustic coffee system 

around 200 years ago, but at the present time has been almost tota lly displaced. The 

rustic system is also known as "traditional or mountain" because the shade composes 

a great diversity of native tree species of the tropica l forest vegetation. Other 

characteristics are the use of the Typica and Robusta varieties, plantations of over 30 

years of age, and suffering from a lack of agicultural practices such as shade 

regulation, fertilization and sanitary plant control. Limited activities in the plantations 

as weed control and occasionally some pruning. U nder these conditions the yield 

average is under 6 to 8 qq per ha (Escamilla, 1997). 
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The main difference between the RCS and TCS is the canopy species diversity, 

having a greater number in the rustic system than the traditional and probably the use 

of other exotic species such as bananas and fru it trees (Citrns spp. , and Mangifera 

indica.) in the traditional system. In Mexico, Inga spp and Cecropia obtusifo!ia have 

been the principal tree species used in traditional and specialized coffee plantations as 

shade as it was the recommended species during the 70's as part of the government 

policy for coffee plantations in Mexico (Marten and Sancholuz, 198 1 ). 

The traditional and rustic coffee systems are those with greatest biologica l diversity, 

although they are of lower productivity in comparison with the other systems; the 

commercial polyculture is the one of greatest economic productivity, whereas highest 

yields are obtained in the specialized systems and unshaded coffee, but these are 

considered of low stability and sustainability (Escamilla, I 993; Harrington, 1996). In 

Mexico, the specialized system recommended by the INMECAFE had a considerable 

increment on productivity, nevertheless, the elimination of the native vegetation cover 

and the use of just a few species for shade reduced the species diversity and 

ecological sustainability of these systems (Escamilla et al., 1994). 

The rustic coffee system has the following particular benefits (ASERCA, 2002, Beer 

et al., 2003 ): 

*Environmental - protection and conservation of forest species and anin1als, 

*Protection against soil erosion; 

*An important role in the reduction of the greenhouse effect; 

*Products of organic origin and no agrochemicals used in the production process. 

The coffee beans mature more slowly, allowing them to gather a higher sugar 

concentration and cont1ibuting to a better and smoother flavour; 

*Economically it is more viable in the long tem1 than the intensive crop systems with 

the product diversification incentives, and one other benefit is the conservation of soil 

micro-organisms and insects involved in the decomposition processes (Faminow and 

Ariza-Rodriguez, 2001 ; Haggar and Staver, 2001; Hairiah et al. , 2006). 
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2.3.4 Leaf litter production 

Net Primary Production (NPP) is one of the main processes in teJTestrial ecosystems 

providing the link between organic decomposition and p1imary production. It is as 

well the most impo11ant route of transfer of energy within the ecosystem (Alvarez­

Sanchez and Guevara, 1993) and it is also the main route for nutiient cycling and re­

cycling to the soil (Meentemeyer et al. , 1982). 

In general litte1fall production is controlled by physical-biological factors such as soil 

(Swift et al. , 1979) climatic factors (Kumar and Deepu, 1992; Liu et al., 2003a; 

Lawrence, 2005), temperature and rain (Aerts, 1997; De Dato et al. , 2008), chemical 

interactions with allelopathic substances (Rice, 1984), and growth inhibition through 

obstruction of light (Vazquez-Yanes et al. , 1990) and by soil erosion control 

(Montagnini et al. , 1993). Leaf-litter production can depend as well on factors such as 

tree age, species and phenological stage (Zimmer, 2002), so all these conditions can 

create different patterns as part of an environmental mosaic, creating a multitude of 

different niches that facilitate the regeneration of diverse species and therefore, 

increases the diversity of the ecosystem. 

The importance of litterfall in nuhient cycling and the accumulation of soil organic 

matter have been widely documented in different ecosystems (Jorgensen and Wells, 

1986; Vogt et a l. , 1986; Lugo, 2006). In addition to the direct precipitation and 

cortical flows (Cantu-Silva and Gonzalez, 2001), litterfall is the main source of 

natural ferti lization. 

More than half of the annual nutrient absorption in the forest is due to the recycling of 

litter to the soil and the subsequent recycling of these nutrients represents the main 

mineral source available (Brown and Lugo, 1984; Stanley and Montagnini, 1999). 

Additionally, litter deposition to the soil is very impo11ant since it produces a layer of 

organic residues on the soil surface, which tlu-ough its decomposition by the activity 

of micro-organisms and environmental factors, will have an effect on the soil physical 

and chemical properties and consequently will determine the potential of the species 

to improve the quality of the fertility of the ground and productivity in an ecosystem 

(Facelli and Pickett, 199 1; Del Valle - Arango, 2003; Semwal et al. , 2003). 
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The annual gain of energy and matter by the plant subsystem (the Net Prima ry 

Production (NPP) may be distiibuted in the fo llowing ways: 

I)- Stored in perermial tissues and as a contribution to the net growth or biomass 

increase. In forests it may constitute 20-60% of the NPP; 

2)- A minor quantity of the NPP is consumed by herbivorous animals feeding on 

leaves, steams and roots, not exceeding 10 % in forest ecosystem s: 

3 )- In all mature ecosystems the bulk of the NPP is shed as plant litter or is secreted as 

soluble organic matter. The faeces and carcasses of insects and animals contributes 

too to the detritus input to decomposition. 

The maintenance of primary production is dependent on the replenishment of this 

pool of available nutrients to balance the uptake taken by the plants. The net primary 

productivity (NPP) of an ecosystem is defined as the amount of accumulated organic 

material, that is Gross Primary Production PPN = production - respiration. The 

productivity values that have been observed in temperate forests approximately 

represent 60% of the values obtained in the tropical rain forest. The values of PPN 

also are smaller in the subperen.nial tropical forest than in the rain forests (8 and 10 

ton/ha/yr respectively). The recorded values do not include root production (Jordan, 

1985). 

Table 2.4 Net primary production in terrestrial ecosystems 

Ecosystem Net primmJJ production (kg/ha/yr) 

Normal range Average 

Tropical rain forest 10,000 - 35,000 22,000 

Semi-deciduous forest 10,000 - 25,000 16,000 

Temperate forest 

Evergreen 6,000 - 25,000 13,000 

Deciduous 6,000 - 25,000 12,000 

Boreal Forest 4,000 - 20,000 8,000 

Savanna 2,000 - 20,000 9,000 

Temperate pasture 2,000 - 15,000 6,000 

Source: Examples of the tota l biomass of some tropica l forests (adapted o f Vogt et a l. . I 9%) 
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2.4 The decomposition system 

In ecosystem function ing there ex ist three re lated d ifferent subsystem s (Swift et al. , 

1979), the plant subsystem, the herbivore subsystem and the decom position 

subsystem . W ith in the ecosystem the decomposition subsystem perfonns two major 

functions: The minera lization of essential elements and the formation of soil organic 

matte r, both are necessary to maintain plant production. 

M ineralization is the conversion of an e lement from organic to inorganic state. This 

includes for instance the fomia tion of CO2 as a result of the respiration of 

carbohydrates and the fomiation of ammonia from protein degradation. The residue of 

decomposition conttibutes to the fomiation of the soil organic matter (SOM). The 

cellular fraction is the component of the soil organic matter which is the particulate 

matter fo1med by the action of decomposers organisms. 

2.4.1 The organic matter decomposition process 

Decomposition of p lant litter refers to the physical and chemical processes involved in 

reducing litter to its elemental and basic chemical constituents and are determinan ts of 

nu trient cycling in most ten-estrial ecosystem s. Aerts (1997), states that this is a 

tr iangular process which involves the fo llowing as main factors: climate or physical­

chemical environmental facto rs (Swif t e t a l, 1979); quality o f the resource and 

colonies of decomposer o rganisms . These factors can actually be part of a hierarchical 

order, controlling the decomposition rates in the soil. For the early stages of 

decomposition the c limate and concentrations of soluble nu trien ts in water and 

stmctural carbohydrates in leaf-litter a re s trongly related, whereas the later stages of 

decomposition are influenced by the lignin concentration (Berg, 2000). T he mass loss 

vs time, is a lmost a lways greater for litterfall in environments with higher nutrient 

availabili ty, but this is reduced with an increase in lign in or polyphenol concentrations 

(Preston and Trofymow, 2000). 

For tropical ecosystems, research conducted on decom position of organic matter 

indicates that the facto r with most in0 uence fo r these processes is the quali ty of the 

resource (Meetenmeyer, 1978; Swift e t a l. , 1979; Couteaux et a l, 1995; Aerts, 1997; 
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Hoorens et al. , 2003), but also others such as temperature, moisture (Berg, 2000), soil 

nutrient status (Verhoeven and Toth, I 995) and soil fauna (Van Veen and Kuikman, 

1990; Kominoski et al. , 2009) points that factors such as the colonies of 

microorganisms and the physical-chemical environmental conditions can be important 

as well (Aerts, 1997; Sariyildiz and Anderson, 2003). 

Three different stages are considered to be part of the decomposition process: 

Catabolism, in which the chemical changes are brought about by mineralization; 

Comminution which results in a physical reduction in the shape of the organic 

particles and a redistribution of the chemically unchanged litter. In comminution there 

are the following stages: I st litter is broken down to small pieces which can be 

chemically reduced and 2
nd

, micro-organisms like bacteria and fungi reduce even 

more the litter pieces of organic matter and are mineralized into basic organic 

molecules such as ammonium, phosphate, CO2 + H2O which can be available to 

plants, micro-organisµ1s or be leached out of the system (Swift et al., 1979), and 

finally leaching, which transports the nutrients and elements to superficial profiles as 

well as the removal of labile resources mainly by the action of the water. These 

factors can vary according to the type of soil and location. 

2.4.2 Physical and chemical factors in decomposition processes 

Some of the physical chemical or climatic factors that can affect decomposition 

processes are humidity, aeration, pH, temperature, 0 2, CO2 and or their combination, 

which are directly related to the growth of the decomposer colonies of bacteria and 

fungus, depending as well on the nature of the resource quality of the organic matter 

being decomposed. 

As Heal et al. , (1997) state, soil conditions and climate cause the main vaiiation in the 

chemical composition of plant tissues through selection of plant species and their 

major life form (annual, deciduous or evergreen perennial etc). The distribution of 

ecosystem types detem1ined by the character of their vegetation is broadly coITelated 

with climatic conditions (Swift et al. , 1979). Envirom11enta l factors such as light 

(Covelo and Gallardo, 2004; Rice and Bazzaz, 1989), carbon dioxide (Tuchman et al. , 

2003; Cotrufo et al. , 1995), temperahire (Du1y et al. , 1998), ozone (Findlay et al. , 
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1996) and soil nut1i ent status (Wait et al. , 1998; Marschner, 1995; Bryant e t al. , 1993; 

Cornelissen, 1996), a lso affect the biochemical composition of plant structures. 

The availability of nitrogen (N) alters the biochemical composition of plant tissues 

more than any other minera l nut1ient (Bonilla and Roda, 1990; Marschner, 1995). The 

magnitude of a plant" s response to external factors is pre-detennined by growth 

strategy (Cornelissen, 1996) and genotype (Keinanen et al. , 1999), and the extent to 

which traits of living plant parts are retained in litter depends upon the internal re­

mobilisation of compounds during senescence (Aerts, 1995). As Swift et al. (1979) 

state, in humid climates where temperature and humidity are less constraining, the 

rate of decomposition depends mainly on the soil properties, humus and littelfall 

quality, unlike other latitudes where the litterfall decomposition depends on the 

climate (boreal regions and mediterranean regions). Climate, soil and the quantity and 

quality of organic materia l can affect directly the development of the organic 

decomposer colonies on the forest floor (Alvarez-Sanchez, 1995; Aerts, 1997). 

2.4.3 Quality of leaf litter 

The tenn litterfalJ quali ty refers mainly to the content of nutrients and comparative 

speed of decomposition of the residual plant organic matter (Anderson and Swift, 

1983). The type of litterfall that is considered of high quality is one that has a high 

nutrient content, especially nitrogen and that is able to be decomposed quickly. 

Conversely, residual and other lignified materials, such as branches, som e leaves, and 

the straw of cereals, are more resistant to decomposition and therefore of lower 

quality. Nevertheless, there exists an interspecific variation in the quality and amount 

of litterfall produced by different species, the reason why decomposition (and 

therefore, the cycles of C and N), are detemlined by the characte1istics of the 

dominant species that compose the system (Anderson e t a l. , 1983). These 1itterfa ll 

decomposition rates are regu la ted by a series of hierarchized bio-physical facto rs 

(Sariyildiz and Anderson, 2003), with fungi and bacteria as decomposition agents. 

Nutrients such as N, P and Care those that influence in a greater way the fi rst stage of 

decomposition and a post-leaching process in which is ca1Tied out mineralization and 

humification of lignin, cellulose and other compounds (Swift e t a l. , 1979), and act as 
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the principal agents in the deceleration of the decomposition process (Jensen, 1979; 

Aber and Melillo, 1980; Aber et al. , I 990; Preston and Trofymow, 2000). Soil 

leaching downward of soluble compounds whose C and N are progressive 

mineralized or immobilized (Heal et al. , 1997). The leaching and post-leaching 

processes are carried out by means of a succession of decomposer micro-organisms 

such as fungi and bacteria, besides the physical chemical enviromnental factors 

(Jensen, 1979; Hammel, 1997) . Soils besides climate are two fundamenta l factors fo r 

the quality of the leaf litter in the system (Heal et a l. , 1997). 

The chemical composition of the litterfall can also influence in a direct way the rates 

of decomposition and the rate of reduction of the components of the litterfall, by 

means of the resistance of material to microbial attack which is a function of the 

amount of lignins waxes, and fats components of the litterfall (Havlin et al. , 1990). 

The transfer of nutrients and secondary compounds between litterfall or by influence 

of the descompositor community, through the transport of secondary compounds or 

nutrients by means of fungi hiphae, although this movement of nutrients between 

litte1fall can be carried out as well through the washing of nutrients (leaching). 

2.4.3.1 Chemical quality parameters of leaf-litter 

As Mafongoya et al. (1997) Vitousek states, different parameters have been used to 

measure the quality of litter such as C, N, lignin and polyphenols (Palm and Sanchez, 

1990; Constanides and Fownes, 1994; Tian et al. , 1997; Jama and Nair, 1996; 

Handayanto et al. , 1997; Myers et al. , 1997) all, are va lid but have advantages and 

disadvantages each. Some ratios as C-N, Lig-N and other variations have been 

developed to explain the litter quality but usually the C:N is considered most 

significant. 

However C:N ratio is widely accepted as a genera l index of qua lity, the relative 

impo11ance of other parameters in different resources as a matter of di scussion and 

research . Decomposition and nutrient release patterns of organic matter are 

determined for the organic constituents and the nutrient content of the organic matter, 

the decomposer colonies and the environmental conditions. A minimum data set can 

- 25 -



be measured with quality parameters besides the data about climatic and 

environmenta l factors and soils infon11ation. 

When these parameters are analysing in litter samples, is important to prepare samples 

of many plants growing in the same place, to assure that the field variabil ity ,s 

included, according to Palm and Rowland (1997) these parameters are (Table 2.4): 

Table 2.5 Important parameters to characterize plant input quality for 

decomposition and soil organic matter studies. 

Parnmeter Short term Long term 

Decomp/Nutrient release Decomp/SOM formation 

C quality 

Lignin X X 

Soluble C X 

Soluble phenolics lf ¾N >1.8 X ? 

a cellulose X 

Nutrient Q uality 

Total N X X 

Total P 

Total C 

Ash-free dry weight X 

Physical Quality 

Speci fie leaf area X 

.. 
Source: Palm and Rowland ( 1997). Note: X 111d1cates 1mpo11ance for the decompos1t1011 process. 

2.5 Soil organic matter 

Soil organic matter (SOM) conservation in the ecosystem is one of the most important 

components for the re-cycling of nutrients and sustainability of the tropical forests 

ecosystems of native forests, secondary vegetation and disturbed ecosystem s. The 

SOM provides additional exchange sites for cations, thereby decreasing leaching 

potentia l. Organic N is bound in the SOM and it is released more in synchrony with 

the pla nt needs than it would be as ni tra tes or ammonia, which are the common fo1111s 

of inorganic nitrogen in mineral soil (Brady and Weil, 2002), SOM can make the soil 

less suscepti ble to erosion as well as being the source of energy of micro-organism s 

whose activities renders the soil more pe1111eable to roots (Jordan Ill, 1988; 
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Montagnini & Jordan, 2005). So the SOM is important in the cation recycling, 

nutrient availability and maintenance, sequester of N and erosion prevention (Kochy 

and Wilson, 1997) . 

2.5.1 Organic matter decomposition rates 

Jenny et al. (1949) and later Olson (1963), proposed a fo mrnla to calculate the loss 

constant or decomposition coefficient. These fonnulas have been used to calculate the 

rates of decomposition of organic matter in different climatic regions and with 

different types of matter in decomposition (Swift et al. , 1979). This method can be 

used as well in the detennination of the litter loss rates in the forest floor and to 

calculate the rates of mineralization of the organic material and even for the turnover 

times of various fractions of the litter material (Reiners and Reiners, 1970). The "k" 

value represents the rate of organic matter decomposition, and 3/k is the time required 

for 95% of the organic matter to decompose. Decomposition rates that have been 

studied in different biomes, show that the organic matter is decompose at higher rates 

in tropical forests, but Anderson and Swift (1983), showed that the decomposition 

rates of the litter in tropical forests can have wide variations within a single region 

and so, concluded that the variation within single regions is too great to permit 

statements about the differences on decomposability between tropical and temperate 

regions. 

Table 2.6 Decomposition constants k and 3/k in six different ecosystem types 

Tundra Boreal Temperate T emperate Savannah Tropical 

forest dec iduous grassland moist 

forest forest 

K year 0.03 0.21 0.77 1.5 3.2 6.0 

3/k year 100 14 4 2 I 0.5 

(Adapted from Swift et al. 1979) 

The rate of decomposition can be affected among other fac tors by the differences in 

quality between the leaf-litter of different tree species and many different prope11ies 

of the li tter itself (Staaf, 1980; Fisk et a l. , 1998; Chadwick et al. , 200 I; Ga11ner and 

Cardon, 2004; Meier and Bowman, 2008). These factors can have a combined effect 
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111 the speed of decomposition due to the mixture of species and its chemical 

components, alte1i ng the decomposition process to a faster decomposition (if it ex ists 

a greater amount of N and optimal conditions for the reproduction of white fungi in 

just a sho11 time) or a slower one (greater concentration of lignin and cellulose), and 

also can affect the development of decomposer communities in the influence area of 

the litter compounds (Aber and Melillo, 1980; Aber et a l. , 1993; Chadwick et al. , 

2001 ). Preston and Trofymow (2000), however states that litter decomposition 

follows the same patterns as primary production and even when this pattern can vary 

widely in the tropics, rates are still are higher in the tropics than at high latitudes were 

the forests receive similar amounts of rain and the soils are very similar (Swift et al. , 

1979). 

2.6 Summary 

The trees are the main component of the tropical forests and the canopy serves as 

suppo11 for other life forms as animal, vegetal and inclusively fungi and bacteria. 

These as well, provide services and products to the environment and to the human 

populations that live on them. Between the products that are obtained from the forests 

are food products, fruits, medicines, wood, fuel, and including the aesthetic and 

recreational values of the zone. The services that grant many of these shade trees fo r 

the crops can be as erosion protection, carbon sequestration and nutrients uptake and 

mineralization and so that they can be available for the vegetal elements of the 

system, which is more important in the case of combination of trees with crops as it 

happens in the agroforestry systems, besides to conserve the biodiversity in deforested 

and fragmented areas in tropical zones. 

Agrofores t1y is a good alternative to develop sustainable production systems but it 

must have characteristics approachable to farmers as a wide range of profitable and 

less resource demanding soil and water technologies (McDonald and Brown, 2000; 

Achmy a, 2005), rustic and traditional coffee systems can be a good example of this. 

Litterfa ll once deposited in the forest or planta tion floor, becomes a part of the 

nuttient cycling through the process of decomposition of the organic matter and 

nutrient minera lization on the soil, and by the action of colonies of fungi, bacteria and 
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microbes, produces the mineralization of nutrients and with it their ava ilability for the 

plants. These nutrients can play an important ro le for the development of crops and 

trees, such as it is the case of rustic and traditional coffee ( C o.ffea spp) and Cacao 

(Theobroma cacao). 

Litter production, its decomposition and the nutrient cycling are some of the most 

studied ecosystem processes, because of the importance as providers of nutrients into 

the ecosystem. The presence of native tree species, single or in group can be one of 

the determinant factors for the litterfall quality, which affects in a direct way to the 

rates of decomposition and the consequent nutrient minera lization in the soil. 

This investigation looks to approach to the knowledge and study of the litterfall 

quality of dominant native tree species in the traditional (TCS), rustic (RCS) coffee 

systems and the remnant Sub-perennial medium forest (Spmf) and bow it can affect 

the decomposition rates, this a lteration could affect in a direct way to the nutrient 

cycling processes and availability of nutrients on the soil, as well could have other 

effects over the soil such as erosion and leaching of nutrients just to name some of the 

effects of the changes in the canopy species on these systems. 
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Chapter 3 AFS description in Traditional (TCS) and Rustic (RCS) coffee 

systems and Subperennial medium forest (Spmf) in San Miguel, 

Verncruz. Mexico. 

3.1 Introduction 

Crops such as cacao and coffee fonn the base for many agroforestry systems of a 

simultaneous type (Licona et al. , 1995; Beer and Somaniba, 1999). In most of the 

tropical regions where coffee is cultivated as a traditional system (as happens in 

Afiica and Latin-America) it is considered as a multistrata polycultural system, where 

a diversity of tree species with multiple purposes, provides the function of shade for 

the crops (Rain tree, 1989; Krishnamurthy and Avila, 2001 ). Agro forestry systems, 

specifically shaded coffee and cacao, because of their complex vegetation structure 

and riclrness can be an important biodiversity conservation tool in regions that are 

highly biodiverse as Mexico, Ecuador, Peru, Tanzania and others (Somarriba, 2004). 

Nevertheless, the way to practice the coffee and the cacao production was basically 

diversified due to two causes, the socio-economic level of the fam1er and the use 

given to the tree species canopy of the forest in these zones. 

In Mexico, Nolasco (1 985), Moguel and Toledo (1999), Escamilla (1994) and 

Escamilla & Diaz (2002), described in general five coffee production systems with its 

respective canopy types and uses, these are: rustic coffee plantation or mountain 

system, in which canopy of the tropical forest is used and altered, but that conserves a 

greater percentage of the native species, Traditional polyculture or coffee garden, 

Commerc ial polyculture, Shaded monoculture and Unshaded monoculture which does 

not use the tree canopy at all. 

Rustic coffee system is widely practiced by the coffee producers of the mountain 

range o f Atoyac, due to its characte,istics of self-consumption and low economic and 

technological produc tion level. Some of the Atoyac mountain range belongs to some 

ethnic groups of Nahuatl origin although the maj ori ty is the racially mixed 
I 

denominated as ·'Mestizos .. , but all commonly practice the rustic type of coffee 

production. Some of the main charac teristics of the RCS are the low or null use of 

chemica l inputs and minor agricul tural labours, and are limited to a canopy and coffee 
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pruning and elimination of some shrubs that grow under the lowest level of the forest 

canopy, but most of the native spec ies are conserved as part of the system as are the 

palms and some native tree species that may have some commercial or traditional 

uses. The traditional coffee plantations usually consist in a minor number of tree 

canopy species that have the function of providing shade to the coffee and can be sold 

as fuel or woody materials, in some cases, some trees as citrus and fruits can be used 

with the objective to have an additional income in the agroforestry system. 

3.2 Materials and methods 

3.2.1 Study area: Sierra de Atoyac 

The Mountain range of Atoyac compnses of the Sierra Madre Oriental (Eastern 

mountain range) and it is in the region of great mountains in the central part of the 

state of Veracruz., which includes the municipalities of Atoyac, Arnatlan de los reyes 

and Tepatlaxco, it is located 42 km from the city of Cordoba, Veracruz, with an 

altitude ranging from 750 to 1,400 meters above the sea level (m.a.s.l.), with a annual 

precipitation average of 2,500 millimeters and period of minimal rain from November 

to May, and annual average temperature of 22.5° C., a humid warm climate type (A) 

C ' (m) w'o (Garcia, 1987), with rain period over the summer and with soils classified 

as redzinas because of reddish coffee color and vertisols with neutral pH. 

Table3.l Climatic data: Potrern, Veracruz, Mexico. 

Altitude (a.s.l. ): 660 m. Coordenades: 18°52", 96°50" 

Years J F M A M J ] A s 0 N D Annual 

T 36 19.6 20.7 22.4 24.9 26.2 25 .9 24.8 

P 36 34.9 33 29.4 49.1 140.6 331.6 345.5 
.. 

Note: T= temperature (Celsius); P= prec1p1tat1on (mm). 

Source : Garcia, ( 1987). 

25.2 24.7 23.5 21.1 19.9 23.2 

276.9 355 179.5 65.6 40.7 188 1.7 
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Fig. 3.1 Cimatic diagram Potrero, Veracruz. Mexico. 

Note: Areas in aquamarine are perennial and subperennial medium forest. *=San Miguel, Veracruz. 

Map source: Google Earth, Mexico. (2009). 

Fig. 3.2 Localization of the study zone in Mexico. 
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3.2.2 Relief and soil types 

The relief consists of a senes of small mountains and hills, with concave-convex 

topography and narrow fo lding and di-sectionated hills. Hillocks and wavy slopes of 

more than 15 % exist of convex fom1, whose altitude varies from 350 m, where is 

developed mainly the riparian vegetation (Rzedowski, 1978), to 950 m a.s. l. 

Geology 

The geologic plinth that is located in the Mountain range of Atoyac has a NW-SW 

01ientation, constituted by limestone sedimentary rocks of tertiary superior of karstic 

nature. In this type of rocks the drainage and the draining are fast, due to the strong 

slope of the land and to the porosity of the material. This has influence in the 

development of the coffee plants and trees of shade since due to the fast water 

infiltration, the plants do not have sufficient time to absorb it and to use it in their 

development (Gomez-Pompa, 1978). 

Soils 

In Mexico 25 soil units exists from 29 classified by F AO/UNESCO (2007). Some of 

the most representative soils in Mexico according to the F AO/UNESCO classification 

(1975) adopted by INEGI (1991) are: Leptosols, Regasols, Calcisols, Feozems and 

Vertisols which together cover 69% of the count1y area. Leptosols are the most 

representative with 24%, fo llowed by Regasols and Calcisols ( 19 and 8% 

respectively), these soils are characterized fo r being superficial with low humidity, 

high Ca and being highly erodibl e and not suitable for the agriculture (INE, 2004: 

SEMARNAT, 2005). The most fertile soils and therefore most exploited are Feozems 

(10%), Ve1tisols (8%), Cambisols (5%) and Luvisols (3%) which together cover 26% 

of the total area (SEMARNAT, 2005). These soils are in most cases over-exploited by 

the intensive agriculture that threatens its productive capacity. The greater soil 

diversity is located in the regions Centre and Gulf o f Mex ico, where the population 

that lives in these regions exerts pressures on the resource. 

In Veracruz State, Mexico, Vertisols are the most representative soil type w ith a cover 

of 46.82% (%) followed by Alisols (24.46%), Feozems (7.7 %), Carnbisols (7.42%), 
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Luvisols (6.5 %), Andosols (4.35 %), and others (INEGI, 2005) . T he predominant 

soils in the Atoyac range are mainly Ve11isols and Rendzinas of dark brown co lour, 

w ith presence of abundant organic matter (Pennington and Sarukhan, 1998) . 

Vertiso ls are characterized because of their black colour and a high concentration of 

c lays that produce a presence of crevices dming the d1iest season of the year. Even 

when this type of soil appear in almost all the climates that have a very well 

established rainy and dry season, pedologically differs from other soils in the tropics 

because is dominated by montmorillonitic clays and presents a low susceptibili ty to 

erosion (Young, 1976; Landon, 1991; Castellanos et al. , 2000). It can be found on flat 

lands or in depressions, and it is frequent in the coastal plains of the Gulf of Mexico 

usually associated with Feozem and the Solonchaks. It is part of a group of soils that 

comprises clayey soils of expansible and exti-emely plastic nature. With the adequate 

management this soils are considered as moderately good for agriculture but difficult 

in their mechanization. 

According to the soil taxonomy these soils are included in the Ve11isol order, Ustert or 

Torrent suborder and the Pellustert Great- Group (Bom emisza and Alvarado, 1975). 

Other characteristics are Clay > 30% 0 to 50 cm , cracks > 1 to 50 cm wide and in 

general are considered to have low concentrations of P and K but high in Ca (in fom1 

of CaCO3). The types of Vertisols according to FAO/UNESCO classification (2007) 

are: Calcic, Eutric, Dystric and Gypsic with CaCO3 accumulation in case of the Calcic 

Vertisols (Landon, 1991 ). 

3.2.3 Ecology 

In Mexico there are a total of 35 vegetation types (Rzedowski, 1978) in two 

distinctive zones, the Neai1ic, wluch occupies the mayor part of North America and 

inc ludes the Arid and Semi-arid zones of the United States and the central and 

northern parts of Mexico, the templates and cold zones of the Sierra Madre O riental 

and Occidental and the volcaiuc ranges as well. Some of the fa una! species are: Black 

bear ( Ursus americanus) , American badger (Taxidea taxus), Lynx (Lynx sp.), Wolf 

(Canis /11p11s) , Black tail deer (Odocoileus hemionus), CimaiTon ram (Ol'is 

co11ode11sis). Sonorean proghom (Antilocoprct americana), Kangoroo rats (Dipodomys 
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spp.), Prai1ie dog (Geomys spp.), Road runner (Geococcys spp.), Chamaleon or 

Tepayatzin (P/11y noso111a spp). 

The Neotropical zone includes zones as the wa1111 humid and sub-humid low-land and 

some high-lands in the Chiapas mountain range and Sien a Madre del sur (Mother 

mountain range) as well all the Caribbean and Centra l and South-america. Some of 

the typical species in these zones are: Jaguar (Fe/is onca), Ocelote (Felis pardalis) , 

Coati (Nasua nasua), Bairds tapir (Tapims bairdii), Spider monkey (Ate/es geojji-oyi), 

Sarahuato (Aloutta spp.), Vampire (Desmodus rot11nd11s), Tepezcuintle (Cuniculus 

paca), Armadillo (Dasyp11s novenicintus), T lacuache or Zarigi.ieya (Didelphis 

virginianus), Chachalaca (Horta/is vetula), Tucan (Rhamphastos suifi1ratlis), Iguana 

(Iguana iguana), Gan obo (Ctenosaura spp.), Boa (Constrictor constrictor). Some of 

the main ecosystems are: high and medium tropical forests, low forests and associated 

bushes, rain forests, temperate forests, tropical coastal ecosystems. 

Based on the classification of Miranda and Hemandez-Xolocotzi (Gomez -Pompa, 

1978), the following types of vegetation were identified: a) Subperennial medium 

forest, which is the vegetation unit that characte1izes to the mountain range of Atoyac; 

b) Riparian vegetation, distributed throughout the hidrologic network which grows on 

the sides of the Atoyac river and which Rzedowski ( 1978) also called with the name 

of Gallery forest; and c) Secondary vegetation that is derived from the clearing of the 

subperennial medium forest and have a considerable extension cover within the zone 

of study. 

The subperennial medium forest (Spmf) is characterized because some of the trees (25 

to 50%) shed their leaves during the drought season, It is present in extensive areas 

with average temperature annual of more than 20°C and greater the average 

precipitation 2,500 mm per year (Gomez - Pompa, 1966, Gomez -Pompa and Nevling, 

1970, Chiang, 1970), there is a dry season from the end of November to May/June 

with some rains during the months of March. It is dense and rich in lianas and 

ephifytes and presents several layers (multistratified). The height of its tree 

component is 25m in average and exceptionally some elements can reach 35 m height, 

usually located in the base of hills (Chiang. 1970). 
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Som e of the dominant tree species that constitute this type o f tropical forest are the 

same of those in the Subperennia l high forest dominam spec ies as: Brosi11111111 

alicastmm, Bemoullia flammea, Bursero simaruba, Rohinsonello mirondoe and 

Cordia alliodora, among others (Chiang, 1970). Some of the representative species in 

the secondary vegetation are Astronium graveolens, Brosim11n1 alicastrwn. Spondias 

mombin, Dendropanax arboreus, Cecropia obtusifolia. Protium coped. Jnga sp. and 

Bunchonsia lanceolata, among others. 

Table 3.2 Tropical forest types of vegetation in Mexico (Approx. equ ivalencies) 

Rzedowzki Leopold Miranda and Flores et al. (1971) INEGI (1997) 
(1978) (1950) Hernandez- (Mexico) 
(Mexico) Xolocotzi, (1963) (Mexico) 

(Mexico) 
Evergreen Rainforest, Evergreen high Evergreen high Evergreen h igh 
tropical forest tropical forest, Semi- forest, Semi- forest, Semi-

evergreen evergreen high or evergreen medium evergreen 
forest medium forest. forest. medium forest, 

High 
(Bosque (Selva alta (Selva alta subperennial 
tropical perennifolia, perennifolia, Selva senu-evergreen 
perennifo lio) Selva alta or mediana forest. 

mediana subperennifolia) 
subperennifolia) (Selva a lta 

pere1mifolia, 
selva rnediana 
subperennifo lia 
and selva a lta 
subpere1mifo lia) 

Sub-deciduos Tropical Semi-deciduous Semi-deciduous Serni-deciduos 
tropical forest deciduous high or medium medium forest, Semi- medium forest 

forest (part). forest. evergreen medium 
forest (part). 

(Selva alta o 
(Bosque mediana (Selva mediana (Selva mediana 
tropical subcaducifo lia) subcaducifolia, selva subcaduc ifolia) 
subcaducifolio) mediana 

subperen11ifolia(part)) 
Deciduous Tropical Deciduous low Dec iduous low forest D eciduous low 
tropical forest dec iduous forest (part) forest 

forest (part), 
(Bosque A1id tropical (Selva baja (Seh ·a baja (Selva baja 
tropical sc rub caducifo lia) caducifolia (pa rt)) c aduc i fo lia) 
caducifolio) 
Note: In parentheses. type of vegetation in spanish 
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3.2.4 Study zone localization 

The municipality of Amarian de los Reyes is located to 18°5 1 · latitude North and 

96°55' longitude West , at a height 830 m.a.s .l. and with a total surface area of 148.88 

ha . The northern limit is the municipality of Cordoba and Atoyac, to the south with 

Coetzala and Cuichapa, to the east with Yanga and the west with Cordoba. 

The municipality has a total population of 38,425 people and 74 localities, of which 

70 are rural locations. San Miguel is located at km 1 7 on the Cordoba-Mirador 

highway at an altitude of 727 m.a.s.1., it have a total surface of 148.80 ha and 

represents 0.2 % of the state total area (Gobiemo del Estado de Veracrnz, 2001). The 

economy is based on the agricultural production, with products such as sugar cane, 

coffee and timber. 

3.2.4.1 Study site characteristics and plots. 

Based on the descriptions of the canopy strncture and species use and type (native or 

exotic) by Moguel and Toledo (1 999) and characteristics such as canopy height the 

fo llowing systems TCS, RCS and Spmf were described. In a random block design, 

nine plots of 1000 111
2 (20x50 m) were randomly selected and localized with GPS 

(Annex I), three for each system: TCS, RCS and Spmf (Fig 3.3),. A Humid warm 

climate ((A) C (m) w·· o) (Garc ia, 1987), and an average annual rainfall from 1,850 to 

2,500 mm, an mmual average temperature of 22.5° C, with a drought period (from 

November to end of May) and a rain season (from end of May to December) well 

defined. The predominant soil type is Vertisols of dark brown color, with presence of 

abundant organic matter (Chiang, 1970; Pennington and Sarukhan, 1998), and the 

relief is developed on a series of hills, with concave-convex topography and naITow 

fold ings with disectect hills wi th slopes of more than 15%, whose altitude varies from 

724 to 819 m.a.s .l. 
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3.3 Results 

3.3.1. Biophysical characteristics 

Vegetation 

ln agreement with Mirnnda and Hemandez-Xolocotzi vegetation classification (1963) 

and Gomez-Pompa (1978), the following types of vegetation were identified: a) 

Forest subevergreen median, vegetation unit that characte1izes the Mountain range of 

Atoyac; b) Riparian vegetation, distributed throughout the hydrologic network that 

fom1s the Atoyac River and to which Rzedowski ( 1978), mentions it with the name of 

Forest of Gallery; and, c) Secondary vegetation that derives from the clearing of the 

Subperennial medium fo rest and that has a considerable cover area within the study 

zone. 

Subperennial medium forests (Spmt) 

It is characterized because some of the trees (25 to 50%) lose their leaves in the most 

accentuated of the drought season. Some of the dominant tree species are the same of 

the Subperennial high forest; it is one of the types of vegetation present in big areas in 

the wann-humid tropical zones of Mexico. It is distributed from the South border with 

Guatemala to almost reaching the limit line of the Tropic of Cancer. It is widely 

represented in the slope of the Gulf of Mexico, although its area of distribution also 

inc ludes to the Pacific and extensive areas of the Yucatan Peninsula, adding a total of 

84.227,70 km2
. It is distributed with a small po11ion in the state of San Luis Potosi 

(Tamasopo, Aguas Calientes, El Naranjo) and up to the south of Tampico in the state 

of Tamaulipas in its more boreal portion. Also some small po11ions of this vegeta tion 

in the states of Nayarit and Coli ma exist. 

The structure and appearance of the vegetation is dense and rich in lianas and 

ephyfi tes with several layers in the canopy (multistratified), which can show some 

difficulty to be appraised c learly. The average height of the tree component is about 

25 to 30 m., exceptionally some elements reach the height of 35 m, being located in 

the base of hills as are Ficus sp. 
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Spmf - Representative species 

Some of the dominant species which form part of the Spmf excel: Brosi11111m 

a/icastrwn, Bernoul/ia flammea, Bursera simaruba, Robinsone/la mirandae and 

Astroniwn graveolens among others. Some of the representative dominant species on 

the secondary vegetation are: Brosimwn a/icastrum. Cordia alliodora. Spondias 

mombin, Dendropanax arboreus, Cecropia obtusifolia, Protium copct!. Inga sp. , and 

Bunchonsia /anceolata among others. (Pennington and Saruk.han, 1998; Chiang, 

1970; Gomez-Pompa, 1978). 

3.3.2. Agroforestry characterization 

In order to carry out this description from the agroforestry point of view, it has been 

reviewed some study cases done in the study zone in Tlapacoyan, by Krishnamurthy 

(1998), Sierra de Atoyac, Veracruz (Villavicencio, 2002), beside the study cases of 

Lagennann and Heuveldop (1983 ), Nair (1 989) and Montagnini (1992). 

This analysis is based on the general theo1y of systems which suggests that for 

understanding the operation of a system is required to know each one of the elements 

that form part of it (Lagennann and Heuveldop, 1983). The coffee and cacao crops are 

the base for many simultaneous agroforestry systems (Beer, 1999; Beer and 

Somaniba, 1999). 

For the desc1iption of the selected area and a consequent analysis of the Rustic and 

traditi onal coffee system, the methodology focuses on the criteria established by 

ICRAF (Torquebiau, 1990), to analyze structural and economically the agroforestry 

system and to discuss the infornrntion generated by means of this investigation. 

Structural analysis of the AFS 

This analysis consists m defining the presence of the components of the system, 

locating its nature and to describe its adjustment in time and the space (Huxley 1983 ; 

Nair, 1989, 1997). For Torqueb iau ( 1990), the physica l location o f the components 

(mi xed, zonal, dense, dispersed and with simple layers or rnultilayers), and the 
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tempora ry adjustment (si multaneous, sequential, relay, superimposed-interm ittent, 

interpolated, concomitant) are the main characteristics to describe in a system. 

Functional analysis of the AFS 

In this analysis is important to identify the incomes and outcomes of the system, these 

can be in fo1m of biochemical inputs and products and the processes that are 

genera ted among them. In general it is possible to distinguished between two types of 

incomes and products, those that are of the bio-physical type as the water, solar 

energy, soil nutrients, shade, control of the erosion , etc., and those which are of socio­

economic type, as products that can be bought, sold or be quantified in economica l 

tem1s as are the ten ain, agricultural equipment, seeds, plants, work, etc. Once the 

consumptions and products are known, it is possible to analyze the AFS from the 

economical management point of view (administration and productivity). About the 

perfomrnnce of AFS, it can be quantified as the relation between the inputs and 

outputs or products of the system, which can also be seen as an efficiency 

measurement (Relation Benefit/Cost). The biological or ecological efficiency of a 

system depends to a large extent on its technical performance, for example, by means 

of the total production of biomass/ha. 

3.3.3. Socio-economical Aspects 

Soil use and land tenancy 

The community of San Miguel municipali ty of Amatlan de los Reyes, has a total area 

of 74 ha, a ll are sma ll pri vate properties. Almost the totality of this area is cultivated 

with coffee, in which the used varieties on traditional and rustic coffee systems are 

Typica and Robusta (Coffea arabica and Co.ffea canephora). Other products operated 

in this community are the palms Chamaedorae elegans, Chamaedorae tepejilote and 

C/wmaedorae sartorii, only Chamaedorae elegans reaches a good price in the 

market. 

T he commerc ia lization of the forest species has been practiced intensively, and a 

consequence of it, a large number of woody species has been depleted and diminished 
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in a considerable amount, some of theses species as Cedrela odorata and Jug/ans sp., 

has a lmost disappeared in some parts of the Atoyac ra nge. The extraction of timber is 

pointed mainly in the species as Cordia a/liodora and Dipholis minutiflora which 

have an economical average value in the market. 

Agricultural activity 

The main crop practiced in this communi ty is the coffee in traditional and rnstic 

systems, which in the case of the RCS are associate to a high diversity of tree species 

that comp1ised of the original vegetation of Spmf. Coffea arabica and Co.ffea 

canephora (Typica and Robusta varieties) are the representative species for both 

systems (Table 3.3), which are well adapted the ten-ain conditions and although low 

productivity, are able to produce a coffee with good body and flavour. 

Table 3.3 Coffee plants inventory in San Miguel, Veracruz. Mexico 

Coffee varieties (Number of plants) 

Robusta Bourbon Garnica Typica Caturra 

--- 31,635 28,120 8,436 2,109 

Note: no data available for the Robusta (Coffea canephora) . 

Source: Bucio-Alanis and COLPOS (2001). 

Total 

70,300 

Other two agricultural products that associate to RCS are commercial palms as 

Chamaedorae elegans, Chamaedorae tepejilote and Chamaedorae sartorii and the 

timber from species as Cedrela odorata, Cordia, alliodora and Dipholis minut(flora 

and other h-ee canopy species, which are sold mainly for the local market of furniture 

and transport bodies for sugar cane. 

3.3.4 AFS description of the rnstic coffee system (RCS) 

The vertical adjustment in RCS is multistratified, with a great number of 

representative Spmf canopy h-ee species and secondary vegetation type of this region. 

The age of the coffee plantations is in average 70 years old (Bucio-Alanis & Colpos, 

200 1) and the height of some of the canopy tree component that can reach up to 30 m. 

(Chiang, 1970) which contributes to create highly heterogeneous stratification (Table 
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3.4), this canopy characteristic can be considered as the closest to native vegetation in 

an agricultural system of the zone, a lthough it is possible to recognize another two 

layers that are formed c learly, one is the made up of the coffee plantations that already 

have been described previously and that can reach a height to of 7 m, and a lower 

strata compose of native plant species such as palms and Yucca elephant ii, which can 

reach up to 1.8 to 2 m height. 

The existence of open spaces on the floor level is due to the presence of exjsting 

limestone in slopes of hills of the zone of study or to trees that have been used or 

commercialized, on these spaces usually grows plants, bushes or representative trees 

of the secondary vegetation of the zone. Some of the most important species because 

of their economical value are the citrus and woody species as: Robinsonel/a 

mirandae, Cedrela odorata, Dipholis minut(flora and Cordia alliodora. 

The management of the RCS usually lacks any type of chemical inputs and/or any 

mechanized labor in the coffee plantations that includes professional advisory. The 

agricultural labours are lim_ited to the clearing the forests floor of some bushes and 

plants that the fam1er consider of negative impact or no use for his system, usually are 

done before and after the harvest and that includes a rrnninmm and occasional prnning 

on the canopy trees and coffee plants. Other agricultural labours include the cut and 

production of the commercial palms and minor timber species which are associated 

with the coffee plants. From these vaiieties, Bourbon and Typica are of early 

maturation, Catuna variety and Garnica are late maturation. The average yield per 

coffee plant is 1.80 kg, with a total produced in the community of 125,540 kg. Some 

of the uses of the tree canopy are timber, construction, fuel, food, medicinal, shade 

and even aesthetical and ornamenta l values. 

The tree canopy species with some uses are: Cedrela odorata, Cordia al/iodora, 

Dipholis minut(flora, Pithecellobi11111 arboretum, Robinsonella 111ira11dae as timber; 

Mangi(era indica, Citrus sinensis, Malinkara sapota, and Anona sp. as fruit trees, 

Croton draco. Erostema 111exica1111111 and Cordia divers(fo/ia as med icinal among 

others. 
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Other species that also form part of the system and which lack apparent use or 

economic va lue such as ·' Izcoahuite·· , Vataireo /1111delii. Vemonia patens, 

Stemmadenia donne/1-smithii have an important role in the ecological health of the 

AFS and for the conservation of the divers ity of species of insects which help to 

maintain a balance in the presence of plagues and potentia lly dangerous diseases 

( Guharay et al., 200 I). 

Economically valuable tree species such as Cedrela odorata, Cordia alliodora, and 

Dipholis minutiflora, are used mainly for furniture and construction industry. About 

the presence of these species in the sampled parcels, Cedreia odorata is the species 

that has minor frequency due its extraction in the entire zone because of its value on 

the wood market. Cordia a/liodora and Dipholis minutiflora, are being conserved, but 

because of the commercial value that they have but a number of other native species 

were found in small numbers on the sampled plots and it will represent a future 

disappearance if this trend continues. 

3.3.5 AFS description of the traditional coffee system (TCS) 

The coffee systems in Mexico began with the management of the shade that is 

provided by the native vegetation in the tropical zones. With time, development and 

specialization of the crop, consequently also improved the shade provided by specific 

trees, modifying in this way the shade species canopy composition and structure in the 

coffee plantations. Mainly the traditional systems (TCS) are caITied out with two 

varieties of coffee, Typica and Ro bus ta ( Co.ffea arabica and Coffea canephora 

respectively) and with some native and exotic species. 

TCS is an agrisilvicultural system of simultaneous type; retaining the characteristic of 

being perennia l and growing together at the same time. The vertical anangement is 

dispersed and mixed, since all the plants have been placed in an irregular way 

(Torquebiau, 1990), without having an order defined as far as either spaces or number 

of plants by hectares and it is based on the experience. The horizontal arrangement is 

dense, because the high number of individuals by parcel which is around 1,350 coffee 

plants, 3,500 palms and 1,000 trees average per ha. Some of the main tree species are 

Mastichodendron capirii (the most used tree as shade) and some other trees as Cirrus 
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spp, Mang(fera indica, lngo sp and Cecropia obtus[folia besides Dipho/is 111i1111tifloro. 

Cordia alliodora, and Cedrela odorata. 

The uses of the tree canopy species are mainly two: Timber and non-timber (usually 

coffee or other fruits). The palms ( Chamaedorae. elegans, Chamaedorae tepejilote 

and Chamaedorae sartorii) as well as the RCS, can represent an additional 

economical incom e in the system, these palms usually grown wild between the native 

vegetation of the Spmf, but are p lanted by the fanners in the TCS. The management 

of the palm consist only in finding an optimal place for its reproduction, with 

sufficient shade and humidity to avoid the stress per higher temperatures, mainly 

drning the drought season. The leaves cutting is carried out continuously from the 

third year of life of the plants at the rate of a leaf per month, during the rain season 

which lasts 7 to 9 months a year. 

3.3.6. Functional analysis of the system 

It is generally possible to distinguish two types of inputs, those of bio-pbysical type 

and those of economic type (Torquebiau, 1990; Nair, 1997). The bio-physical ones 

are those that do not produce any economic cost, as the solar light, precipitation, soil 

o r atmospheric nitrogen, control of the erosion, among others. M eanwhile the 

economical inputs are those that generate some economic cost, as fe1tilizers, agro­

chemicals and agricultural laboring. 

3.3.6.1 Average and resources limitation 

As part of the context to the approach of system s, the word " function" m eans more as 

a fonn to desc1·ibe or to ana lyze the objectives and management, for which it is 

necessary to identify the consumptions and the products that comprise the 

development of the system. Although the type of soil it is considered good and fe11ile 

fo r this zone, the greater limitation is based in its geologic origin of karstic nature that 

is susceptib le to erosion. This same nature of the land nevertheless causes good soil 

aeration and a good drainage and is the reason why floods in the zone do not exist. 
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The mechanization of the coffee plantations is difficult due to the teJTain slope 

(approx. 20°), reason why the agricultural labour are done manually. Although frosts 

in the zone do not exist, the period of drought can last up to four months, which 

would cause damage to the coffee plants, mainly if this lasts until the stages of 

flowering and harvest. The high temperatures during the months of Ap1il and May can 

also cause damage during flo we1ing. 

3.3.6.2 Economical income 

The economic mcome average by family is $50.00 Mexican pesos per day (about 

£2.4), and an average number of 5 persons per family. The family economical income 

depends on the coffee production and field labour mainly (Bucio-Alanis & COLPOS, 

2001 ). The lack of basic services like potable water and sewage system, the failure of 

the governmental programs and the c1i sis of the coffee market have caused a strong 

diminution in the standard of life of the population in the coffee production zones. 

This situation has a negative impact in the management of the coffee plantations in 

the community, because when the producer does not find a market that can 

economically be feasible for him, prefers to abandon the crops and agricultural 

labouring and to emigrate towards zones where can obtain better economical inputs 

by means of remunerated work as city workers. The most common cities to emigrate 

are Cordoba and Veracruz port (Veracrnz), Mexico City and the United States of 

America. 

Other negative effect that the socio-economical conditions have in the coffee 

plantations is the constant use of the forest resources as the economical valuable 

timber as Cordia alliodora and Dipholis minutiflora which before were considered as 

a minor valuable timber than Cedrela odorata, Jug /ans sp., Tabeb11ia roseae, and 

Sickingia salvadorensis, which exist only in low densities per ha. The coffee produced 

is described as "organic'· that is to say, that has not been used any type of agro­

chemical during its process. The envi.ro1m1ental and physical-chemical conditions in 

the Mountain range of Atoyac are optimal to produce organic coffee in traditional and 

rustic systems, but unfortunately, the lack of proper cha1mels to commercialize and 

process the coffee don·t increase the total va lue obtained by the fanners in the market. 
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3.3.6.3 Establishment and management 

The first coffee plantations in the region were establish around 150 years ago, but for 

the community of San M iguel it was probably around 8 decades ago and fo r the last 

tlu·ee decades there has been an improvement in production, due to the state programs 

such as the implemented per INMECAFE in Veracruz. As far as the system 

management, the only agricultural labours that are pe1formed are two ··chapeos'· or 

c learing of branches and weeds, one before and another one after the rain season to 

eliminate shrnbs and weeds that difficult the operations of harvest and the production 

of the coffee plants. Besides this, there are not any type of labour practiced, as are 

pruning, fe11ilizations or controls of plagues and diseases in which it is applied agro­

chemicals, nor works of soil conservation (Table 3 .4). 

The reason why these labours are not carried are mainly because of the topographic 

conditio ns of the teJTain and because the cost of the agrochemical p roducts, which 

does not a llow the fa1m er to improve the management and quality of the crop. The 

market coffee prices is another limitation in the c01mnercialization of the coffee. 

Instead the more technified management of the crop is applied the fam1er empirical 

knowledge about the coffee cultivation and the natural control of plagues and diseases 

where a balance by means of the diversity involving insects, micro-organisms, animal 

and vegetal species in the system (Guharay et a l. , 200 I ). 

Table 3.4 Calendar of agricultural activities in the TCS and RCS 

Crop/ J F M A Ml J J A s 0 N D 
Activity 

I Coffee 
·'Chapeo" X X 
Harvest X X X X X X 
Palms 
Sowing X X X X 
Weed X 
control X X X X X 
Harvest X X X 
\Voody 
ti·ees X X X X X 
Felling_ 
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3.3.6.4 Function and service of the system 

Some of the principal services that are perfom1ed by the tree component are the shade 

protection to the coffee crop as well as protection aga inst winds and rain for the 

cultu re of the coffee, the environmental nitrogen fixa tion, humidity and soil 

conservation. About the economica l benefits, previously it was possible to consider 

the coffee as the most important input but this situation changed because of the 

prolongation of the crisis in the coffee market, where a reduction in the economical 

value has provoked the producers to stop harvesting in order not to have economic 

losses. The timber trees contributes with the biggest economica l income, with a sell of 

7 trees per ha/yr average, have a direct increment in the economy of the farmers 

(Table 3.5). 

Table 3.5 Timber trees economical characteristics in TCS and RCS. 

A. Investment budget Cost 
Land Pri vate 
Trees Pri vate 
B. Outcome 
Motosie1Ta (inc l. Felling and cut) $1.00 I foot3 ($350.00 average / tree - £ 17 .50) 
C. Incomes ( Value of the production) Price in dry weight Average value per tree 
Cedrela odorata $ 8.00 foot3 $2,800.00 (£140.00) 
Cordia a/liodora $ 6.00 foor1 $2,100.00 (£105.00) 
Jug /ans sp. $ 5.00 foot3 $ 1,750.00 (£87.50) 
Dipholis minutiflora, Robinsonella 111 irandae $ 4.00 foor' $ 1,400.00 (£70.00) 
D. Net profit Ratio B / C (Average) 
Average felling 7 trees / year $ 14,350.00 and $ I 6,750.00 / year 

£ 717.50 and£ 837 .50 / year 

Palms contributes a small but constant input to the farmer's income. Palm leaves are 

usually collected during 8 months of the year (Table 3.6). 

Table 3.6 Economical characte.-istics of palm production. 

A. Investment budget Cost 
Land, ··chapeos'' (2 per year) and Plants Private 
B. Outcomes 
Leaf cutting, others. 1 leaf per month, 8 per plant / year 
C. Incomes ( Value of the production) Production per ha . Total I year 
Clw111aedorae elegans $ 12.00 gruesa 24 gruesas / aiio £1 16.65 
Chamaedorae 1epeji/01e $ 7.00 gruesa 12 gruesas / a110 £ 4.20 
Chamaedorae sartorii $ 5.00 gruesa 7 gruesas / aiio £ 1.75 
D. 'et profit Ratio B / C 
Cha111aedorea elegans, Ch . 1epeji/01e 
and Ch. sauorii $ 2.452.00 ' ha / year- £122.60 

.. 
Note: One .. gruesa are 144 palm lea,·e,. 
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The economica l inputs of the two systems (TCS and RCS) was the same but the 

output (as coffee) was higher in the TCS (Table 3.7), because of the canopy shade 

management and lower in the RCS (Table 3.8) where the use of a higher diversity of 

trees may affect the coffee total production but contributes more to the fam ily income 

in form of self-consumption crops or fruits. 

Table 3. 7 Economical characteristics of the coffee production in TCS. 

A. Investment budget Cost 
Land tenancy Private 
Coffee plants Private 

B. Outcomes 
Chapeos/clearance (2 per year) $ 160.00 I year (£8.20/year) 
Transport, Stock, Consultancy, Industrial processes, Others. $ 0.266 1 kg. Coffee cereza 
Total $ 465.00 I ha / year (£23.25) 

$625.00 /ha I vear (£32.02) 
C. Incomes 
Value of the production $ 1. 17 kg cereza (£0.0585) 
(Typica and Robusta) 2,750 kg I ha 
Total $ 3,2 17.50 /ha (£165.00) 

D. Net profit Ratio Benefit/Cost 
Species Typica and Robusta $0.904 kg cereza (£0.04635) 
Total $ 2,486.50 I ha / year (£127.48) 

Table 3.8 Economical characteristics of the coffee production in RCS. 

A. Investment budget Cost 
Land tenancy Private 
Coffee plants Private 
B. Outcomes 
Chapeos/clearance (2 per year) $ 160.00 I year (£8.20/year) 
Transport , Stock, Consultancy, Industrial processes, Others. $ 0.266 I Kg. Cafe cereza 
Total $ 465 .00 I ha (£23.84) 

$625.00 I ha / year (£32.02) 

C. l ncomes 
Va I ue of the production $ 1. 17 Kg cereza (£0.0585) 
(Typica and Robusta) l ,750 kg / ha 
Total $2,047.50 I ha / year (£102.35) 

D. Net profit Ratio Benefit/Cost 
Species Typica and Robusta $0.904 kg cereza (£0.04635) 
Total $1,582.00 I ha / year (£8 1.12) 
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The total ratio benefit/cost in TCS and RCS are very similar (Table 3.9), but what 

makes the final difference is the amount and quality of coffee production, about 50% 

more of profit in TCS than in RCS. The use and management of woody trees in both 

systems was the same in total annual profits. 

Table 3.9 Ratio Benefit /Cost 

Coffee system Ratio 8 /C 
RCS 
Coffee $ I ,582.00 / ha / year (£81.12) 
Trees $ 14,350.00 to$ I 6,750.00 I year 

£ 717.50 to£ 837.50 I year 
Palms $2,452.00 - £122.60 
Total $18,386.00 I £942.87 to £961.22/ha /year 
TCS 
Coffee $ 2,486.50 I ha / year (£127.48) 
Trees $ 14,350.00 to$ 16,750.00 I year 

£ 717.50 to£ 837.50 I year 
Total $16,836.50 I £863.41 to £986.48/ha /year 

It is important to note that during this phase of the production, because the lack of 

means of transport and possibilities of commercialization, the farmer is just able to 

sell their production to intermediates ("coyotes") who will re-sell these products in the 

cities or companies obtaining for them the best profit during all the production chain. 

Fig. 3.4 Sugar cane production in tropical forest in San Miguel, Veracruz. 
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3.4 Discussion 

The impo1tance of the management of the traditiona l and rustic coffee systems is 

based specially in their sustainability, conservation of resources and biod iversity 

characteristics (Moguel and Toledo, 1999), in Mexico, some of the most important 

coffee production zones are in important bio-geographic and ecological zones, where 

tropical and temperate components meet, and in which 60 to 70 % of these areas are 

under a traditiona l and rustic way of management (INEGI, 2005). 

Agroforestry has been developed as a an option for the management and conservation 

of the natural resources in the tropics that are quickly being degraded, mainly through 

the management of traditional crops and use of native trees which are mixed with 

crops as coffee and cacao (Somarriba, 1994). The use of high diversities of tree 

species and complex tree structure are considered important for the conservation of 

biodiversity (Perfecto et al., 1996, 2003) and soil (Nair, 1989). 

As pait of this thesis, an agroforestry characte1ization of the traditional coffee (TCS), 

rustic coffee system (RCS) and the altered subperenial medium forest (Selva mediana 

subperennifolia, Rzedowski, 1978) was ca1Tied out in San Miguel community on the 

Atoyac Mountain Range, in the state of Veracruz, Mexico. 

The TCS was composed of 15 tree species, whereas the RCS per 58 and the Spmf by 

66 species. Of the tree canopy species excel those of timber, which are conserved 

mainly because of their commercial value as timber and fuel , examples of these are 

Dipholis minutiflora, Cordia a //iodora, Cedrela odorata and Sickingia macrophi/la , 

and others non-timber species like some frnit n·ees (mainly Citrus sp, Mangifera 

indica, and Sapota mamey) and palms. 

The socio-economic analysis fo r these systems showed that the TCS characterized, 

manage the lowest tree species diversity but it has the greater economic remuneration 

because of the sale of the coffee, citric species and timber and fuel canopy tree 

species, mainly Robinsone//a mirandae, Dipholis 111in11tiflora. and Mostichodendron 

CCIJJlrll. 
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For the RCS, the tree species diversity was higher but the economic remuneration is 

about the same as TCS, with less quantities of coffee to sell in the market but o ther 

products such as palms instead o f coffee. In Spmf many of the tree canopy species 

have a commercial value as timber and fuel, are being illegally felled and sold to the 

market in the area and even to o ther states in the country. 

The RCS agrisilvicul tural system display an a1i-angement of the components as 

multilayer and multi-species with not organized and dense p lant associations, the TCS 

have an anangement of the components in essentially three layers and with 5 

p1incipal species only, with sparse plant associations and not organized a1i-angements. 

As far as its socio-economic characteristics, the RCS presents a high species diversity 

and characteristics of a subsistence system or low product commercialization, 

Through the use of coffee species as ·'Robusta" ( Co.ffea canephora), palms and other 

products for self-consumption (medicinal plants, fruits and as well trees for 

construction and fuel), which are fundamentally native species. 

The TCS and RCS are considered as intermediate socio-economical AF systems 

where the products sold in the market cover the basic needs of a family and are 

produced in small plo ts of land, usually these systems are based in coffee, cacao and 

coconut (Lundgren, 1982, Beer et a l. , 1998). As it was already described for both 

systems, the use of agro-chemicals is null and the agricultural labours minimal, 

reduced just to a couple of clearings and a pruning a year. 

Probably the RCS could be a good option fo r the conservation of the natural resources 

and native tree species of the Spmf, a I though as an economic option it can be just as a 

self-subsystem production, probably a good option would be to increase the use of 

non forest products as the preservation and production of palms (Chamaedorea spp.) 

that are natura lly grow in the native forest. In the case of the TCS, the economic profit 

is slightl y higher than in the RCS, when obtaining timber and coffee products . The 

timber is mainly focus to the management of Mastichodendron capirii that can be 

used for construction, fumi ture indust1y and as fuel. Other tree species that are used in 

a smaller percentage. as Dipl,o/is 111i1111t fflora. and Cordia alliodora can obtain better 

prices in the market, but they have been depleted faster in this type of systems and in 

the native fo rest as we! I. 
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3.5 Conclusions 

The biophysical and ecological characteristics of the Atoyac Mountain Range turn out 

to be optimal for the development and culture of coffee. The RCS, which has been 

practiced in a traditional way already for almost 200 years, is now considered as part 

of the cultural identity of the region and a way of living for the native people of the 

region. 

The association of the coffee with the multiple purposes trees, haven· t showed any 

significant competition between the crop and ecosystems components, although the 

management of the ecosystems not always is sustainable and the use of the woody 

trees is increasing because of the economical crisis and the emigration of productive 

manpower towards the great cities and the United States of America. 

About the tree component it is possible to conclude that according to the invento1y 

and sampling realized in the studied parcels, there exists a tendency to the depletion 

of certain timber species in both RCS and TCS and the areas of disturbed Spmf as 

well, some of these species are Cedrela odorata and Jug/ans sp., as well as to a 

process of intensive use and felling of species as Dipholis minut[flora, Cordia 

alliodora, Pithecellobium arborewn, Bernoulia jlammea and "Zopilote", which are 

commercialized for the elaboration of transport structures and construction of houses. 

This type of selective cutting is bringing a change on the species composition of the 

systems with changes of Spmf to species of secondary vegetation, which contains a 

higher number of soft wood and faster growth species but with smaller commercial 

value as a timber, these species can solely be used as combustible and natural fences 

in some cases, such as Bursera simaruba, Cecropia obtusifolia, H eliocarpus 

appe11dic11/at11s and Spondias mombin. 

The system nevertheless displays an efficient use of the externa l consumptions, with a 

suitable cycling of nutrients and good humidity and soil conservation, besides 

conserving some important tree species as Robinsonel!a mirandae, Brosim11111 

alicastr11111, Astroniw n graveolens and Vatairea lundelii. 
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The changes already done on the canopy species of the TCS about 30 or 40 years ago 

had some effects about the lumber of species in the canopy and the production of 

products such as coffee, wood, and fmits which have increased in some ways the 

economical inputs of the farmers. The use of Mastichodendron capirii and other 

woody species is being restricted to some trees every year because of their use as 

shadow, but the income is less than that of the RCS. The average production of coffee 

is slightly higher than RCS but it seems that the changes in the ecological conditions 

of the litter production and soil will be worth in a future due to the lack of protection 

for the wind and rain erosion as well for the leaching of soil and nutrients in the steep 

areas. 

3.6 Recommendations 

From the ecological point of view, it is important to conserve the characteristics of the 

rustic coffee system and the endemic and native species that are conserve on them, the 

diversity of the canopy tree species helps to maintain as well a high diversity of 

epiphyte plants, insect and animal species native from the tropical forest and the 

agroforestry systems are a good alternative to conservation and sustainable 

management of the resources in these ecosystems but the government policies and the 

abandonment of the traditional coffee plantations are leading to in-eversible changes 

in the composition and structure of the native vegetation. 

From the economical point of view, the RCS can be a good production system when 

is managed on sustainable tem1s, producing organic products which can be sold in an 

accurate market, some examples of it exists already in other coffee productive states 

as Chiapas and Oaxaca in Mexico. 

About the TCS, it can be a reliable system based but is based in the management of 

mainly two or tlu·ee types of products, coffee, timber and in some cases fruits as some 

citric species. The diversity has been affected with the introduction of shade tree 

species as Cecropia obtus[folia and Inga spp, and the use without replacement of 

woody species as Cordio alliodora. Dipho/is minutiflora and the use of 

Mastichodendron capirii instead of other native species. 
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Chapter 4 Canopy tree species composition in Traditional (TCS) and Rustic 

Coffee systems (RCS) and Subperennial medium forest (Spmt) 

4. I Introduction 

Plant biomass represents the principal storage of nutrients in agricultural and nan1ral 

systems and litter inputs are the major source of nutrients in tropica l and in other 

te1Test1ial ecosystems (Swift et al. , 1979; Jaramillo and Sanford, 1995). The amount, 

pattern and quality of the litter can be determinant in nutrient cycling and availability 

in the soil; these factors can be altered by anthropogenic effects such as conversion to 

agriculture, or as in this study, by incorporating of a forest canopy into an agricultural 

production area. 

Some tropical vegetation responds to climatic seasonality in which trees shed their 

leaves in a response to drought (Holbrook et al. , 1995) or winds, but the ti.ming is 

mainly regulated by precipitation and temperature. The plant species can be a 

determining factor for nutrient cycling in many ways such as litter quali ty, litter 

productivity, nutrient uptake and loss, species interactions and associations with the 

colonies of decomposer organisms. In some ten estrial ecosystems more than 90% of 

the net above ground primary productivity is recycled in the fom1 of litterfa ll and 

roots and constitutes the major source of resources for soil decomposer colonies 

(Swift et al., 1979). 

Usually the feedback between tree species is considered to be positive for patterns of 

nut1ient cycling and can reduce nuttient availability in poor environments or 

enhancing nutrient availabil"ity in nutrient 1ich environments, according to the quality 

of the plant litter (Hobbie, 1992, 2000). 

4.1.2 Justification 

The role of the tree components in the canopy strucn1re and composition in coffee 

systems is important because of their potential to reta in biodiversity and because they 

are the main source of replenishment of nutrient to the soil. The objective of this 

chapter is to present infonnation about the canopy species diversity in rustic (RCS) 
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and traditional (TCS) coffee systems as well from the canopy of Sub-perennial 

medium fo rest (Spmf) and to analyze the species composition in each system. The 

data produced was afterward utilized for the further chapters in this thesis. 

4.2 Mate1·ials and methods 

Sampling 

A total of 34 plots in traditional (TCS) and rustic coffee systems (RCS), and 30 for 

the semi-evergreen tropical forest (Spmt) with little disturbances were defined, nine 

were randomly selected: three for each system (See Chapter 2). Each sampling unit 

had a tota l surface of 1000 ni (20x50 m), and a tree inventory in which every tree 

(clbh2'.:10 cm) was recorded and were taxonomically identified (Beer, 1984) and 

localized with GPS (Gam1in 2000) (Annex 1). 

4.2.1 Coffee plantations 

Based on the studies by Acevedo (1988) and Moguel and Toledo (1999) and the 

research clone in the study zone (Bucio-Alanis and Colpos, 2001 ; Villavicencio, 2002; 

Villavicencio and Valdez-Hernandez, 2003;), plots cotTesponding to TCS, RCS and 

Spmf where randomly chosen, three of each system. The physical attributes recorded 

for each system were: canopy structure (height, dbh, basal diameter (bd), vertical and 

horizontal an angement, time anangement per system component (coffee, shade trees, 

palms), species origin and use (Beer, 1984). 

4.2.2 Floristic composition and appearance 

Species- Area curve 

A species-area curve was developed from the species sampled in the TCS, RCS and 

Spmf. The curve usually rises quickly initially because the fi rst samplings reveal 

many new species, but subsequently, the curve levels stabilizes, because only a few 

more new spec ies are fo und in the sampling (Greig-Smith, 1983, 1986) . The collected 

tree canopy species were taxonomica lly identified with the aid of the research 
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literature on the flora of the Mounta in range of A toyac in Veracruz by Gomez-Pompa 

and Nev ling (1970), Chiang (1970), Gomez-Pompa ( 1978), Acevedo (1988), 

Pennington and Sarukhan (1998), and Villavicencio (2002), with the aid of local 

people for the common names and uses of the tree component. 

4.2.3 Shannon diversity index (H') 

The Shannon index H ' (Shannon and Weaver, 1949), is one of the most used in 

agroforestry (Somarriba, 2000) and its fornrnla and it is calculated as follows 

(Magurran, 1988): 

H ' = Z:. Spi ln pi 

Where: pi = Proportion (or relative abundance) of each species in the population 

The Maximum diversity (H' max) can be calculated like: 

H ' max = ln S where: S = total number of species 

And the Eveness is obtained by means of: 

H' 
E = = - pilnpi 

I ln S 

In order to know the significant differences for the diversity of tree species between 

the rustic RCS, TCS and Spmf, the method of Hutcheson was used (Magurran, 1988), 

to calculate " t" as follows: 

ff 1 = Sha1mon Diversity index value (RCS, TCS); 

ff 2 = Sha1mon Diversity index value Spmf; 

W here: 

Var ff 1 = Shannon Diversity index value va riance (RCS. TCS); 
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Var ff 2 = Shannon Diversity index value variance Spmf. 

And degrees of freedom using: 

(Var/-J'1 + Var/-J'2)2 
c(f = , 

0 ((Va1H'1)- I N1) + (VarH'2)- I N1 )) 

The variance for H" in each system was detennined using the fonnula: 

cI pi(ln pi/ - cI piln pi) 2 S - 1 
Var= ~- ---

N 2N2 

4.2.4 Jaccard Index of similarity (Cj) 

The Index of Jaccard (Cj) is based on Absence-Presence between the number of 

species in each community and the total number of species (Stiling, 1999), and is 

calculated as follows: 

. C 
CJ = - + B-C 

A 

Where: C = Number of species in common 

A = total number of species found in the unit sampling A 

B = total number of species found in the unit sampling B 

4.3 Results and discussion 

4.3.1 Species composition and physiognomy 

The results obtained from the tree canopy species inventories are: a tota l of 82 tree 

canopy spec ies in the study sites: 15 conesponding to TCS, 62 to RCS and 66 to 

Spmf. From the total of 82 recorded species, nine were not botanically identified in 

this study. The species correspond to 37 botanical families of which the Fabaceae is 

dominant with a total of 13 species. For each species their scientific name, common 

name and uses were recorded (Table 4.1 ). 
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Table 4.1 Tree canopy species inventory in TCS, RCS and Spmf in San Miguel, 

Veracruz. Mexico. 

Species Cientific name Family Uses 
Aguacate Persea americana var. Drymifo lia Blake Lauraceae 1,2 
Aguacatillo Persea gratisima Gaertn Lauraceae 1,2 
Amargoso Vatairea lundeli (Standi.) Killip Fabaceae 6 
Anona vlnnona muricata L. Annonaceae 1 

Balsamo Myroxylon ba/samwn L. (Hanns) Fabaceae 2 
Cacahuapastle Hamelia patens Jacq. Rubiaceae 7 

Cacao Virola guatemaltensis (Hems!). Warb. My1isticaceae 2,4 
Canilla Cupania dentata Moc. et Sesse ex D.C. Fabaceae 7 

Cafiamazo Pithecellobiwn arboreum L. Fabaceae 2,3 
Carbonero n.d. 2,3 
Came asada Roupala montana Aubl. Proteaceae 2,3,4 
Cedrillo Trichilia hirta P. Browne M yristicaceae 6 
Cedro Cedrela odorata L. Meliaceae 4 
Cedro Macho Cedrela sp. Meliaceae 2,6 
Cola de lagarto Zantho:x.ylum sp. Rutaceae 7 

ComaWlo Coccoloba hirtela. P Browne Compositae 3 
Coralillo n.d. 7 

Cordoncillo Piper hispidum Sw. Piperaceae 7 

Cozahuico Mastichodendron capirii Sapotaceae 2,4 
Cucharilla Trichilia havanensis. Jacq . Meliaceae 7 

Chinene Persea schiedeana Ness Lauraceae 6 
Senna spectabilis (DC) H.S. Irwin & 

Chiquite Bameby Fabaceae 7 

Escobilla Sida acuta Bum1 F. Ma lvaceae 7 

Frijolillo Lonchocwpus rugosus Benth. Fabaceae 2 
Gasparito E,ythrina Americana (Dryander) Mill Fabaceae 7 

Gateado vlstronium graveolens Anacardiaceae 7 

Granicillo n.d 7 

Guacalillo n.d. 7 

Guacima Guazwna ulmifolia Lam. Sterculiaceae 7 

Guajillo IA lbizzia pwpusii Britton & Rose Mimosaceae 7 

Guanacaste Enterolobium cyclocarpu111 (Jacq) Griseb Fabaceae 2,3 
Guarumbo Cecropia obtus!folia Berto!. Urticaceae 6 
Guayabillo Malpighia glabra L. Malpighiaceae 7 

Gusanillo Vernonia patens Kunth Asteraceae 1,2 
Hediondillo Cestrwn nocturn11111 Ruiz & Pavon. Solanaceae 6 
Higuera Ficus tecolutensis Lieb. Miq . Moraceae 2,3 
Higue1illa Ficus sp. Moraceae 2,3 
Hoja Maria n.d. 7 

Ste111111adenio donne/1-smithii 
Huevo de Toro (Rose in Donn. Sm.) Woodson. Apocynaceae 7 

lzcoahuite n.d. 7 

59 



.Jabonosa Sapi11d11s saponaria L. Sapinclaceae 7 
Jobo Spondias mombin L. Anacarcliaceae 7 
.Jo note Heliocarpus appendiculatus Turcz. Tiliaceae 7 
Jonote Real Heliocarpus donne/1-smithii Rose. Tiliaceae 7 
Lechuclo Pseudo/media myphyllaria Donn. Sm. Moraceae 7 
Mameicillo Sapi11111 lateriflorum Hems) Euphorbiaceae 7 
Mango Man:;!,i{era indica L. Anacarcliaceae 1,2,6 
Manzan illo Robinsonella mirandae Gomez-Pompa Malvaceae 2,3,4,6 
Manzanita Bellucia grossularoides (L.) Triana Melastomataceae 7 

Molinillo Ouararibea yunckeri Stancil. Alverson Bombaceae 7 

Naranjo Citrus sinensis Osbeck Rutaceae 1 
Naranjo Mal to Citrus reticulata L. Rutaceae I 
Nazareno Sickingia salvadorensis Stancil. Rubiaceae 2,4 
Noga) 1/ug fans sp. Juglandaceae 4 
Oj oche Brosimwn alicastrum (Sw.) Moraceae 2,3 
Palo de agua l risine nigra Uline & W.L. Bray Amaranthaceae 7 
Palo mulato Bursera simaruba (L) Sarg. Burseraceae 7 

Paticabra Bauhinia divaricata L. Fabaceae 7 

Peinecillo ~phanante monoica (Hemsl.) J. F. Leroy Saootaceae 7 

Pimienta Pimenta dioica (L) Mer. My1taceae 7 

Pix tie Primus brachyobothya Zucc. Rosaceae 1,2,3,6 
Platanmo Bernoullia flamea Oliv. Bombacaceae 2,3,6 
Pochota Huro polyandra Baill. Euphorbiaceae 7 

Quina Exostema mexicana Gray. Rubiaceae 5 

Roble Tebebuia roseae (Bertol.) DC Bignoniaceae 4 
Rosadillo Mirandaceltis monoica (Hemsley) Sharp Ulmaceae 2 
Sangregao Croton draco Schltdl. & Cham. Euphorbiaceae 5 

Siete cueros Cordia diversifolia Pav. Ex A DC. Boraginaceae 7 

Sopa de pan Alchornea latifolia Sw. Euphorbiaceae 6 
Tabaquillo Lippia strigulosa M. Maitens & Geleotti Verbenaceae 7 

Tempesquistle Dipholis minutiflora Pittier Sapotaceae 4 
Tempisque Sydero.,ylon capiri palmeri (Rose) Sapotaceae 4 
Tepeguaje Lysiloma sp. Fabaceae 7 

Vainillo Inga vera Willd. Fabaceae 6 
Vainillo Real Inga paterno Ham1s. Fabaceae 6 
Vainillo tejonero ln.f!.a brevipedicellata Harms. Fabaceae 6 
Ventosidad Croton o.fficinalis (KJotzsch) Alston Euphorbiaceae 2,5,6 
Volador Zuelania guidonia (Sw) Britton & Millsp. Flacourtiaceae 2,6 
Xochicuahuitl Cordia alliodora (Ruiz & Pavon) Oken Boraginaceae 4 
Zapoti llo Bunchosia lanceolata Turcz. Malphigiaceae 7 

Zopilote n.d. 2,4 
Zapote mamey Malinkara sapo/0 L. V. Rogen Sapotaceae 
Note: Uses it refers to: I . Food. 2. Construction. 3 . Truck structures. 4. Wood (for construct ion an cl 

fuel). 5. Medicina l. 6 . Shade. 7. Not de fined. N.cl.: non identified species. 
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A species- area curve was developed for the sampling sites (Fig 4 .1 ). The results of 

the tree canopy inventory showed that the 62 species recorded in the RCS is a 

inte1111ediate value in a compatison with the results reported in Costa Rica, between 

19 and 49 species (Llanderal, 1998), and EI Salvador with between 92 and 136 

species recorded, SomaJTiba et al. (2004). 
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Fig. 4.1 Species-Area curve in TCS, RCS and Spmf 
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Note: Spmf: Subperennial forest; RCS: Rust ic coffee system; TCS: Tradicional coffee system 

The dominant species in the three systems canopies are mostly representative of the 

native and secondary subperennial medium forest; TCS showed the lowest number of 

species including some native but mostly introduced for example Inga sp. 

The species recorded corresponded to 37 families. The results are similar to the 

studies done in Spmf in Veracruz by Castillo et al. , (2003) where they found that the 

Fabaceae family was the most representative in number of species fo llowed by 

Euphorbiaceae, Asteraceae and Rubiaceae. In this study the leading families were 

Fabaceae > Euphorbiaceae > Sapotaceae > Moraceae > Rutaceae, Rubiaceae, 

Lauraceae and Meliaceae and others (Table 4.2). 
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Table 4.2 Families species composition in TCS, RCS and Spmf 

Botanical families Species number 
Fabaceae 13 

Euphorbiaceae 5 
Sapotaceae 5 
Moraceae 4 

Lauraceae 3 
Meliaceae 3 
Rubiaceae 3 
Rutaceae 3 

Anacardiaceae 2 
Boraginaceae 2 
Malohigiaceae 2 

Malvaceae 2 
M yristicaceae 2 

Tiliaceae 2 
Bombaceae 2 

Amaranthaceae, Annonaceae, Apocynaceae, Asteraceae, 
Bignoniaceae, Burseraceae, Compositae, Flacourtiaceae, 

Juglandaceae, Malvaceae, Melastomataceae, Mimosaceae, 
Myrtaceae, Piperaceae, Proteaceae, Rosaceae, Sapindaceae, 1 

Solanaceae, Ste rculiaceae Ulmaceae, Urticaceae, Verbenaceae 

Gomez-Pompa (1 978), noted that the most representative family in the Spmf and Sub 

perennial high forest was Fabaceae, but it could indicate an alteration of secondary 

vegetation as well, because of their fast growth habit and adaptability in sites poor in 

nutrient. Inga spp are an important component in many coffee systems in Central 

America and Mexico, as has been reported for Jimenez-Avila ( 1979) and Marten and 

Sancholuz (198 1). 

4.3.1.1 Subperennial medium forest species composition 

Mainly native tree species dominated the Spmf, some of these being: Ceclrela 

odorata, Brosimwn alicastrum, Bursera simaruba, Roupala montcma, Sidero.rylon 

capiri, Trichilia hirta, Robinsonella mirandae, Jug/ans sp. amongst others, and some 

typical species of secondary vegetation were indicated by Trichilia havanensis, Piper 

hispidum, Bauhinia divaricata and Cupania dentata. A total of 66 canopy species 

were recorded as part of the species inventory. The secondary vegetation vvas 

represented by a mix of native species of different successional stages, and some 
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indicative species which indicate a lteration in the native vegetation as Trichilia 

havanensis, Cupania dentata, Piper hispidu111 and Bauhinia divaricata. 

These species have a fast growth in the lower and medium vegetation strata as part of 

their survival strategies and usually appear in patches of clear vegetation or where 

trees have been removed and belong to Fabaceae family which is an impo11ant 

component of native vegetation but can also represent disturbed vegetation (Chiang, 

1970; Gomez-Pompa, 1978, 1999). Other species noted to have a high presence were 

Bursera simaruba, which has the same fast growth habits than the species of the 

medium and lower strata. The average height of the tree canopy component in Spmf 

was 25 m. Some frequent representative species are Dipholis minut~flora, 

Robinsonella mirandae, Ficus tecolutensis, Croton ofjicinalis and Erythrina 

americana and Ficus sp. 

4.3.1.2 Rustic coffee system species composition 

The RCS had a similar species composition to Spmf, but with more exotic species 

such as Mangifera indica and Citrus sinensis. This system is represented mainly by 

native species such as Piper hispidwn, Robinsonella mirandae, Dipholis minutiflora, 

Sideroxylon capiri and Croton o.ffi.cinalis, and an important number of species that are 

recognized as typical of disturbed zones in the native forest such as Cupania den ta ta, 

Bauhinia divaricata, E,y thrina americana and Hamelia patens (Gomez-Pompa, 

1978). Some species fom1 the lower and medium strata have an important presence in 

this system, these are Inga spp, Piper hispidum and Cecropia obtus!folia, both 

introduced as part of the coffee growing government policies. The exotic species 

Citrus sp and Mang(fera indica besides the Cordia alliodora, Cedrela odorata, 

Persea Americana and Inga spp, are common shade species that commonly are part of 

the canopies in coffee plantations in the Central Ame1ican coffee zones (Somarriba, 

2004). 

4.3.1.3 Traditional coffee system species composition 

The use of shade tree species as canopy in these coffee systems has reduced the 

number of the native canopy spec ies to just 15. The most representative species are: 
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Inga spp (brevipadicellata, paterno and vera); . Cecropia obtusifolia, Astronium 

graveolens, Spondias mombin and some timber species such as Mastichodendron 

capirii, Cedrela odorata, Dipholis minutiflora and Cordia alliodora. In some areas 

most of the shade tree canopy component is composed mainly with Mastichodendron 

capirii which is used for fuel and for some construction purposes. 

Fig. 4.2 Subperennial medium forest in San Miguel, Veracruz, Mexico. 
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Fig. 4.3 Traditional Coffee System (Coffee~Banana-Cedrela odorata). 

Fig. 4.4 Rustic Coffee systems in San Miguel, Veracruz. Mexico. 
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4.3.1.4 Canopy structure in TCS, RCS and Spmf 

Differences in the canopy height and tree component density were obvious in TCS 

with respect to the other systems (10 to 15 m. height Table 4.3), but between Spmf 

and RCS (4.4) the canopy height was s imilar, around 20 to 25 m. height respectively. 

Table 4.3 Arrangement of components TCS: Trees - Coffee. 

Component Leaf type Vertical Horizontal Temporality 

arrangement (m) arrangement 

Trees Evergreen + 0-20 m Multistratified Mix - sparse Simultaneous -

deciduous Pem1anent 

Coffee Evergreen One main strata var. Mix - Sparse Simultaneous -

plants Typica w ith a few Pem1anent 

Robusta 5 to 7 111. 

Table 4.4 Arrangement of components Spmf and RCS: Trees - Coffee - Palms. 

Component Leaf type Vertical Horizontal Temporality 

arrangement (m) arrangement 

Trees Evergreen + 0-25 111 Mix - dense Simultaneous 

deciduous Multistratified 

Coffee plants Evergreen Two strata var. Mix - dense S imultaneous -

(in RCS) Typica & Robusta 5 Permanent 

to 7 m. 

Palms Semi- At forest floor level Mix - sparse S imultaneous -

Everg reen to 1.5 m. Permanent 

4.3. 1.5 Index of Similarity 

T he Jaccard coefficient values applied to the systems of Spmf a nd RCS were 0.6 1, or 

6 1 % of s imilarity between communities meanwhile the similarities between Spmf vs 

TCS and TCS vs RCS were 12.5 and 11 .86 % respectively (Table 4 .5). 
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Table 4.5 Coefficient of jaccard fo1· TCS, RCS and Spmf 

System Coefficient of Jaccard % Simila1·itv 
Spmf vs RCS 0.6103 61 % 
TCS vs RCS 0.1186 11.86 % 
TCS vs Spmf 0.125 12.5 % 

Tree canopy species unique for each system were recorded during the plot sampling 

species, of these, six were not botanically identified, Came asada and Granicillo for 

the RCS, "Cacahuapaxtle·· and ' ·Chinene'· fo r TCS and ·'Guacalillo" and "Hoja 

Maria" for the Spmf. Exotic species were representative in the TCS and native species 

from the low and intem1ediate canopy height in RCS and Spmf were representative of 

these systems. Cedrela odorata, E11terolobi11111 cyc/ocarpum, Helioca,pus donne /1-

smithii and Mirandaceltis monoica in Spmf are valuable woody species that are 

conserved for economical reasons mainly as well the Citrus spp, Malinkara sapota, 

Mang(fera indica, Inga paterno and ''Chinene" in the TCS. The species recorded in 

the RCS are part of the low and intennediate canopy layers of the secondary forest 

and some are use as medicinal plants (Croton draco, Exostema mexicana, lrisine 

nigra) or as a shade fo r the coffee crops (Table 4.6) 

Table 4.6 Canopy species not shared between systems 

RCS TCS Somf 
Albizzia pwpusii Cacahuapaxtle* Cedrela sp. 

Alchornea /at[folia Chinene* Croton officina/is 
Trema micantra Citrns reticulata Enterolobium cycloca,pum 

Came asada* Citrus sinensis Guacalillo* 
Croton draco Malinkara sapota Heliocmpus donnel/-smithii 

Exostema mexicanum Mcmgifera indica Hoja Maria* 
Granicillo* Inga paterno Inga brevipedicellata 

Guazuma 11l111ifolia l sochilus linearis 
Hame/ia patens Jug/ans sp. 
Hura polyandra Mirandaceltis monoica 

lrisine nigra Persea schiedeana 
Pithecellobi11111 arbore11111 Prunus brachyobotrya 

Senna specwbilis Roupala montana 
Ste111111ade11ia donnell-s111ithii Sapind11s saponaria 

Zanthoxy /11111 sp. Tabebuia roseae 
Trichi/ia havanensis 

Trichi/ia hirta 
Vernonia patens 

Virola ~uatemaltensis 

*=Not botanica lly identified spec ies in this study. 

67 



4.3.1.6 Shannon diversity index 

The highest values for ff were obtained in the Spmf and RCS (3.564 and 3.348 

respective ly) and the lowest in the TCS (0.81) which indicates that at least in number 

of species, the diversity between RCS and Spmf is very close but the ff of the TCS 

very low in comparision with the other tv,10 systems (Table 4. 7). 

Table 4.7 Shannon index (H'), Evenness and Variance values 

System H' Evenness Variance 

TCS 0.81 0. 1658 6.6841 

RCS 3.348 0.5856 0.002762 

Spmf 3.564 0.7299 0.002941 

The results indicate a higher Shannon index (H') in the Spmf and RCS than in the 

TCS. This index in RCS is slightly higher than the ones measured in Central America 

in other shade coffee systems (Table 4.8). 

Table 4.8 Shannon diversity index in canopy species of Co.ffea arabica in 

traditional and rustic plantations in Central America and Mexico. 

Tunialba Carazo Esteli Santa Ana Th.is study 
Costa Rica Nicaragua Nicaragua El Salvador Mexico 
(n=29) (n=36) (n=3 l ) (n=40) (n=6) 

H' 1.57 2.06 2.85 3.08 3.34 
Source: Somarnba, 2004. 

There is a more equitable distribution between species in the forest than in the Rustic 

coffee system, where the disturbance is higher because of the cultivation of the coffee. 

Homogeneity of vaiiance test for the systems (Steel and To1rie, 1986) showed that it 

was not significant for the Spmf and RCS but it was in the TCS (p~0.05). The values 

obtained fo r the Spmf are common for this type of vegetation as has been 

demonstrated by Sa"i and Manesh, (1986); Kumar, (1990); and Phatak et al., ( 1993), 

on their respective studies. 
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4.4 Discussion 

The antlu·opogenic disturbance of the native vegetation has led to big changes in the 

composition and structure of the forest and in some cases has been transformed 

because the agricultural management in a wide range of agro-ecosystems, 

agroforestry systems and altered native vegetation into seconda1y forests at different 

stages of succession. Some of the native undisturbed vegetation areas in the zone of 

the mountain range of Atoyac of difficult access are developed in rocky karstic areas. 

Some of the native species it is possible to find are Malinkara sapota, Brosi11111111 

a/icastrum, Aphananthe monoica and Astroniwn graveolens, but the extraction of 

some other woody valuable species such as Robinsonella mirandae, Cedrela odorata 

and Mastichodendron capirii, the influence of the agricultural activities and the legal 

and illegal felling has lead to major changes in the composition of vegetation and the 

advance of the secondary vegetation. Such vegetation is characterized by abundance 

in the lower strata of herbs and bushes and a presence of more species from the 

families Fabaceae, Poaceae and Astaraceae which are indicators of secondary vegetal 

communities (Gomez-Pompa, 1978). 

Other important characteristic in the native vegetation was the presence of some 

endemic species from the lower strata, such as palm species (Chamaedorea spp.) and 

Yucca sp., which are very sensitive to the perturbations from the agricultural activities 

but are still conserved in these ecosystems. 

In the native vegetation or Spmf, the over exploitation of some woody species and the 

influence of agriculture in the native vegetation (Spmf) in the Atoyac mountain range 

has resulted in changes in the canopy species composition and a major influence of 

the secondary vegetation in the zone. Other introduced species such as Citrus sinensis, 

Citrus Limon, Mang(fera indica, Co_[fea arnbica, Cecropia obt11s(folia and Inga spp. 

are common. 

In the traditional coffee plantations, some of the tree forest components have been 

substituted by and exotic species as Mang(fera indica, Musa paradisiaca, Citrus 

/i1110 11 and Citrus sinensis and others but in San Migue l apart from these species; 

Mastichodendron capirii has been substituted mainly for introduced species such as 
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Inga spp, Cecropia obt11sffo/ia which can be a faster economica l income source o r as 

a source of fuel. 

T he three systems differ in their stmcture, species composition and species diversity. 

The RCS is composed of three different types of vegetation; these are from the native 

forest, from secondary vegetation and exotic species. The introduc tion of species such 

as Citrus spp and Inga spp., have brought some important changes to the canopy 

stmcture as well. The H ' diversity index is very close to the ones showed by other 

studies in Central America (Table 4.8). 

In the TCS only 15 species were recorded; these species usually have some economic 

value such as Mastichodendron capirii, which is used for fuel and in constmction. 

Other species such as Dipholis minut{flora and Cordia alliodora have an impo11ant 

economic value in the timber market of the region. Cecropia obtus(folia and Inga spp 

are species that were introduced in the region about 30 years ago and their use is 

mainly as shade for the crop, these species have a low economic benefit but are 

conserved because of their shade value. 

The tree species canopy composition in Spmf conserve more native tree species such 

as Malinkara sapota, Aphanante monoica, Brosi11111m alicastrum, Sydero.1ylon capiri 

and Astronium graveolens, but it is starting to show som e changes in species 

com position with a m ajor presence of species belonging to the Fabaceae family which 

can be indicative of alteration in native vegetation or seconda1y vegetation. Other 

families that are representative of altered or secondary vegetation are Astaraceae and 

Poaceae (Gomez-Pompa, 1978) but those have a small presence in the study areas. 

Some of the species that are important because of their endemic status are Bauhinia 

sp. , Bursera spp., Inga spp., Quararibea y unckeri, Astro11i11111 graveolens, 

Mastichodendron capirii and Robinsonella mirandae (Gomez-Pompa, 1966, 1978; 

Fryxell, 1992; Ibana-MaruTiquez & Sinaca, 1995) and the pa lm Chamaedorae 

sartorii and Chamaedorea tepejilole (SEMARNAT , 2005) 
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4.5 Conclusion 

It must be considered that the over exploitation of woody species such as Roupala 

montana, Ceclrela odorata, Dipl,o/is minutiflora and Cordia a/liodora is b1inging 

about a change in the systems composition and s tructure in favour of species 

considered as --soft wood'" as Heliocarpus appendicu/atus, Bursera simarnba and 

Croton draco, as well the predominance of species that form part of the lower and 

medium strata in the forest (Cupania dentata, Piper hispidum and Bauhinia 

divaricata), depending on the degree of management. 

As a logical consequence of the changes in the canopy tree species composition, the 

standing leaf litter production was different in the systems, and the dominance of the 

Fabaceae fam ily is an impo11ant factor in these changes. 
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Chapter 5 Leaf litter production, mass loss and decomposition rates in 

Traditional (TCS) and Rustic (RCS) coffee systems and 

Subperennial medium forest (Spmf). 

5.1. Introduction 

Pi-imary production in tropical forests 

In tropical regions with wam1 temperatures, high rates of humidity and abundant 

rainfall over at least one rain season (Jordan, 1971) such climatic factors detem1ine 

the rates of decomposition of organic matter on the forest floor. During the dry season 

the growth of the plants restricted by the lack of moisture which inhibits 

photosynthesis resulting in a lower primary productivity in the ecosystem. The net 

primary production which includes wood material plus litter-fall is higher in wet 

tropical ecosystems then in any other ten-estrial ecosystem. This high primary net 

productivity production in native tropical forests is fundamental for the reciclyng and 

storage of nutrients in the ecosystem. 

Net Primary Production (NPP) is an imp011ant process in teITestrial ecosystems which 

provides the link between organic decomposition and the primary production 

processes; it is the most important route of transfer of energy within the ecosystem 

(Alvarez-Sanchez & Guevara, 1993). It is also the main route for nutrient cycling and 

re-cycling to the soil (Meentemeyer et al. , 1982). NPP is distributed in four ways, 

some is stored as biomass (including roots) some is secreted as soluble organic matter, 

some is consumed by animals and insects and some is shed as plant litter and 

deposited on the forest floor. Large quantities of annual litterfa ll are characteristic of 

tropical ecosystems and specifically in evergreen and semi evegreen forests. Leaf 

li tter quantity, quality and seasonality affect the heterogeneity of the litter layer, litter 

decomposition and subsequent nutrient cycling (Burghouts et al. , 1992) . 

Litter decomposition process 

Litter production and decomposition in any ecosystem are basic processes in 

ecosystem functioning and is a major determinant of the rate of nutrient cyc ling in 

most ten estrial ecosystems (Meetenmayer, 1978; Swift and Anderson, 1989; Ae11s 
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and De Caluwe, 1997). Decomposition it is usually measured as mass loss through 

time and many studies has been conducted in different c limates and vegetation types. 

Other factors have been considered in these studies such as the colonies of 

decomposer micro-organisms, CO2 efflux, isotope fractionation and 13C eruichment in 

soil profiles during the decomposition of soil orgarnc matter (Bj orn & Comstedt, 

2007). 

The influence of the climate and litter quality has been studied in various terrestrial 

ecosystems (Meetemnayer, 1978; Aber et al., 1990; Vitousek et al. , 1994; Aerts, 

1997; Sanger et al. , I 998; Moore et al. , 1999; Almendros et al. , 2000; Aber and 

Melillo, 200 I). 

The effect of litter quality, which 1s strongly influenced by tissue type on 

decomposition, is most pronounced during the first stages of decomposition 

(Trofymow et al., 2002). The clin1ate as well, has an important effect on 

decomposition of organic matter in the forest floor and is responsible of the influence 

of the humidity and temperature important for the development of the colonies of 

decomposer micro-organisms and that affect directly the decomposition processes. 

Climate is one of the three important factors that control the decomposition processes 

in the ecosystems (the other two are quality of the resource and colonies of 

decomposer micro-organisms), and it is considered to be the main factor in areas 

subjected to unfavourable weather conditions (Swift et al. , 1979; Melillo et al. , 1993; 

Couteaux et al. , 1995; Bjorn and Comstedt, 2007; Zhou et al. , 2008). 

Most studies on decomposition in forests have focused on aboveground tree 

components, such as foliage (Proctor et al. , 1983; Melillo et a l. , 1989; 

Sundarapandiam and Swamy, 1999), bark, branches, and wood (Ha1111on et al. , 1995). 

Far fewer stud ies have examined the decomposition of roots, understorey herbs, 

sluubs, and moss, although these components may comprise a large proportion of the 

live biomass. For example, a large proportion of net primary productivity is allocated 

to fme roots in boreal forests (Agren et al. , 1980; Grier et al. , 198 1; Keyes and Grier, 

198 1) where potentially more soil C comes from fine roots than aboveground biomass 

(Vogt et al., 1996). 
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In Mexico, leaf-li tter decomposition studies us111g the litterbags method or direct 

observation of mass loss has been studied in low deciduos fo rest (Martinez-Yrizar, 

1980, 1984), tropical dry forest by Xuluc-Tolosa et al. (2003), arid zones (Montana et 

al. , 1988; Maya and Aniaga, 1996; Nunez, 1998), temperate forest (EzcuJTa and 

BeceITa, 1987), pine-oak forest and grasslands (Montana et al., 1988), evergreen 

tropical high forest (Alvarez-Sanchez and Guevara, I 993; Leon, 1994) and semi­

evergreen tropical medium forest (Leon, 1994; Harmon et al. , 1995) . 

5.1.1 Litter decomposition process 

Factors that influence the litter decomposition process 

The decomposition process mainly consists of tlu·ee elements or groups of factors that 

are related, the physical-chemical environmental factors (soil and climate), the quality 

of the resource (Aerts, 1997) and a third that is regulated by these previous factors, 

the community of micro-organisms decomposers (Swift et al. , 1979; Swift and 

Anderson, 1989). 

Soil conditions and climate (Aerts, 1997) can cause the main variation in the chemical 

composition of plant tissues through determination of plant communities and species 

(Heal et al. , 1997) and their major life form (ammal, deciduous or evergreen perennial 

etc). The distribution of ecosystem types detennined by the character of their 

vegetation is broadly correlated with climatic conditions (Swift et al. , 1979). 

Environmental factors such as light (Rice and Bazzaz, 1989; Covelo and Gallardo, 

2004), CO2 (Cotmfo et al. , 1995; Tuchman et al. , 2003), temperature (Oury et al. , 

1998), ozone (Findlay et al. , 1996) and soil nutrient status (Bryant et a l. , 1993; 

Marschner, 1995; Wait et al. , 1998) also affect the biochemical composition of plant 

structures. The availability of nitrogen (N) a lters the biochemical composition of p lant 

tissues more than any other minera l nutrient (Marschner, 1995). The magnitude of a 

plant' s response to externa l factors is pre-detenninecl by its growth strategy 

(Cornelissen, 1996; Cornelissen et al. , 1999) and genotype (Keinanen et al. , 1999). 

Temperature has an important effect in the decomposition process which increases 

exponentially with temperature; that is, for every 10°C rise in temperature, 
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decomposition increases by a factor of 2 (Jenny, 1994). Nevertheless, leaf 

decomposition in temperate climates does occur at a low rate du1ing the winter 

months even under deep snow (Taylor and Jones, 1990). 1n humid climates where 

temperature and humidity is less constraining, the rate of decomposition depends 

mainly on the soil properties, humus and litterfall quali ty, unlike other latitudes where 

the litterfall decomposition depends on the climate as boreal regions and 

mecliterranean climates (Swift et al. , 1979). 

Two basic processes are involved in decomposition: Comminution in which the litter 

is broken clown to small pieces which can be chemically reduced by insects, small 

herbivores and other organisms, and in a second part of the same stage, micro­

organisms like bacteria and fungi reduce even more the litter pieces of organic matter 

and are mineralized into basic organic molecules such as ammonium, phosphate, CO2 

+ H2O which can be available to plants, micro organisms or be leached out of the 

system. A second stage for the decomposition process is the catabolism which is the 

process that the litter is broken clown into even smaller pieces as well but through 

chemical processes (Swift et al. , 1979; Swift and Anderson, 1989; Aerts, 1997). 

In this second stage leaching by water of the leaf litter constituents takes place and the 

litter suffers a nutrient ··washing" of some nutrients such as N, P, and some phenols, 

which are influenced by the first stage of decomposition where mineralization and 

humification of lignin, cellulose and other compounds occurs. After some time, the 

lignin, phenols and tannins act as principal agents in the deceleration of the 

decomposition process, once the nutrients have been leached. Soil leaching downward 

of soluble compounds whose C and N are progressively mineralized or immobilized. 

Both processes are carried out by means of a succession of decomposer micro 

organisms like fungi and bacteria. The early stages of decomposition are strongly 

affected by the climate and the concentrations of soluble nutrients in water and 

structural carbohydrates in leaf-litter whereas the later stages of decomposition are 

influenced more by the lignin concentration (Berg, 2000). 

The model most widely used to describe the decomposition process has been the 

s ingle exponentia l model, usually the negati ve exponential (Jenny et al. , 1949), and it 

has been the most used in studies in the trop ics (Anderson and Swift, 1983; Gong and 
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Ong, 1983; Frangi and Lugo, 1985; Cuevas and Medina, 1988, Saldarriaga, 1994; 

Ham1on et al. , 1995; Songwe et a l. , 1995; Alvarez-Sanchez and Becerra, 1996; 

Landsberg and Gower, 1997). Theorically the litterfa ll is composed of a labile fraction 

that consists of sugars and proteins which rap idly decomposes and another fraction 

more recalcitrant which is composed mainly of lignin, phenols, celluloses and some 

hemi-celluloses that decompose more slowly (Binkley, 1986) . 

5.2 Materials and Methods 

5.2.1 Study site and Experimental design 

The research study zone is desc1ibed in full in Chapter 3. The community of San 

M iguel is located in the Mounta in range of Atoyac comp1ises of the Sierra Madre 

Oriental (Eastern mountain range) and it is in the region of great mountains in the 

central part of the state of Veracm z, it is located 42 km from the city of Cordoba, 

Veracmz, and it has an a ltitude ranging from 750 to 1,400 m. a. s. 1., a humid wain1 

climate type (A) C' (m) w'o (Koppen climatic Classification, modified by Garcia, 

1987), The soils are classified as vertisols and rendzinas because their reddish coffee 

color and pH around 6.0 (F AO-UNESCO, 2007). The municipality of Amatlan de Los 

Reyes is located at 18°5 1' and 96°55' at 830 m. a. s. I. , and with a total surface of 

148.88 ha. It has an annual average precipitation of 2,500 nm1 and a dry season from 

November to May, and annual average temperature of 22.5° C. 

N ine blocks (100 m2 each), three representing the traditional coffee system (TCS), 

three for mstic coffee system (RCS) and tlu·ee more subperenni~l medium forest 

(Spmf) were chosen at random in the community of San Miguel, Veracrnz. (See 

Chapter 3 and Annex 1). 

5.2.2. Leaf-litter production, sampling time and collection 

Three litter traps were randomly placed in each of the st11dy sites to collect the fresh 

fallen leaf litter material every 15 days during 12 calendar months from January to 

December 2006. The litter traps measured Ix 1 m ( 1 m2
) and were ho1izontally 

adjusted to a height from 50 to 70 cm from the forest floor ( depending on the slope of 
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the te1i-ain). After collection the matetial was processed by s ifting out the non-leaf 

litter and it was free of obvious defonnations or damages caused by micro-organisms, 

insects or animals it was cleaned manually and with distilled water and d1ied for 48 

hours in an oven at 60°C (Palm and Rowland, 1997; Anderson and Ingram, 1989). 

After drying the material was weight and separated by the most representative and 

dominant species. Calculations of the total leaf-litter (Dry weight) production/ha per 

parcel, dominant and most representative species were completed. 

5.2 .3 Litterbags and decomposition rates 

Leaf litter decomposition is most commonly measured using the litter bag technique. 

A known quantity of leaf litter is placed into a mesh bag which is then inserted into 

the litter layer of a forest floor. Bags are harvested at periodic intervals, dried and 

reweighed to determine the amount of mass lost. By incubating the leaves in situ, they 

are exposed to the normal fluctuations in temperature and moisture. The mesh bags 

allow smaller insects as well as micro-organisms access to the leaves. 

Litterbags (10 X 10 cm) were made with a 1 mm m esh and in each, 10g dry weight of 

leaf litter was placed (252 in total). Different mixes were prepared with leaf litter of 

typical species components of the Subperennial medium forest (Spmf) and traditional 

(TCS) and rustic (RCS) coffee systems (Table 5.1). Seven series of four litterbags 

each were placed and retrieved during seven sampling intervals from day I , to 11 , 22, 

44, 88, 176 and 352. 

Table 5.1 Litterbag contents per system 

TCS RCS Spmf 

+Robinsonel/a mirandae + Robinsonella mirandae +Robinsonella mirandae 

l'Robinsone//a l'Robinsonella /\Robinsone//a 

mirandae/Coffea arabica mirandae/Coffea arabica mirandae/Co.ffea arabica 

*Mastic/1odendron capirii *Piper hispic/11111 *Croton officinalis 

Mix M ix Mix 

Note: +Spmf typ ica l spec ies component; " Robi11so11ella 111ira11dae/Coffea arahica: ;Typica l species 

per each syste m: Mix of the most representativee leaf litter species of each system (see Table 4. 1.). 
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Leaflitter representative of the tree species of the plots randomly chosen, composed 

the material intrnduced in the Iitterbags to measure the decomposition ••in sihi'·. These 

mate1ials consisted in percentages of some of the most representative species per plot 

and do not concide with the most productive species necessarely. Robinsonello 

mirandae is a native and dominant species present in all the systems and the mix of 

Robinsonella mirandae/Co.ffea arabica was intended to include the va1iability of the 

crop species in the decomposition process. Mastichodendron capirii, Piper hispidum 

and Croton officinalis represent the dominant species for each of the systems (TCS, 

RCS and Spmf respectively) and finall y, a litterbag with a mix of the five most 

representative species for system was included to represent the variability in field. 

Each of the series contained four litterbags, and in each of the nine sites there were 

three replicates, therefore, 28 litterbags were placed in each site, 84 per system with 

an overall of 252. All of these litterbags were used in the litter quality analysis in the 

following phase of this research. 

At each collecting date, three series of litterbags containing the same material were 

collected from each of the TCS, RCS and Spmf parcels. The material remaining in the 

litterbags was oven dried for 48 hours at 60°C (Palm and Rowland, I 997). The mass 

loss was detem1ined for all the samples. The single exponential model W,= W0 e•kt was 

used, where W0 and W1 are the mass at the beginning of the experiment and after time 

t, respectively, and k is the rate decomposition constant. 

The annual decomposition constant k was calculated according to the formula of 

Olson (1 963): 

Where x O is the 01i ginal mass of the litter, x 1 1s the mass 

remaining at time t, and t is the time in years. 

For all experiments one way ANOV A fo llowed by a Tukey test (Steel and Tonie, 

1986) were used to analyze the data. Stepwise regressions were perfom1ed to 

detem1ine correlations between mass loss and litter quali ty. The time required for 

95% of the standing crop to decompose is estimated by 3/k, and for 99%, 5/k (Olson, 

1963). 
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5.3 Results 

5.3.1 Leaf-litter production 

The resul ts of the total leaf litter production (Table 5.2) show that the TCS is the 

system that produced the most of leaf litter over the year with a total production of 

9, 121.45 ton/ha/year fo llowed by the Spmf and RCS (8,190.03 and 5,752.66 

ton/ha/year respectively) . The presence of Cecropia obtusifolia contributed most to 

the total production during the year. The leaves of this species plus other such as 

Dipholis 111i1111tiflora, Cordia alliodora, Malinkara sapota and Mastichodendron 

capirii are large leaved and develop a waxy and thick cuticules and can resis t 

decomposition, meanwhile other species such as Inga spp, have a faster rate of 

decomposition than the species already mentioned. These results are similar to the 

reported by Didhiam (1998) in continuos forest ranges from 6,196 and 7,948 kg/ha/yr, 

McDonald and Healey (2000) in Jamaica, were secondary forests were found to have 

a mean litter production of 9,319 kg/ha/yr and a review by Proctor et al. ( 1983) shows 

similar leaf litter production means in other tropical forests. 

The highest production of leaf-litter in the three systems occurred during the months 

of February, March, April and May, which corresponds with the drought season and 

highest temperatures in the study region. The highest average litter production 

occurred during the month of April and May in TCS (1 ,650.60 and 1,132.80 kg/ha) 

which is coincident with the driest time of the year and the highest temperatures as 

well, fo llowed by Februa1y in which was produced a mean total of 1,091.99 kg/ha in 

the Spm f. In the RCS the montly leaf litter production remained fairly constant over 

the year, with the lowest point during the winter months of December and January 

(Fig. 5.2). 

As can be observed (Fig. 5. 1 (a), (b) and (c)), a second production peak in the Spmf 

and TCS occurs at the end of the rainy season, in the month of November, which is 

coincident with the hurricane season in the Gulf of Mexico, to fa ll abrnptly at the start 

of the drought season (January). These changes in litter production can be an effect of 

the spec ies pheno logy and the climatic seasonality. 
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Figure 5.1 Monthly variations in the average mean mass of litter. (a):TCS, 

(b):RCS, (c):Spmf. 
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In the three systems, ten species were important 111 the leaflitter prod uction, a 

comparison between systems and species is presented (Table 5.2). These species 

produce the highest average leaf-litter production during the year. The most 

productive species were Cecropia obtusifolia and Heliocc11pi11s appendiculatus in 

TCS, Robinsonella mirandae and Heliocarpus appendiculatus in RCS and in Spmf 

were Croton ofjicina/is and Syderoxy lon capiri (Table 5.2). Coffea arabica has a 

small leaf litter contribution in the coffee systems sim ilar to the shown by Beer 

( 1988). 

Taxonomic composition of litter 

The percentages of taxonomic compositions of the litter collected in litter traps in 

three systems during the 12 months of the investigation are compared between in 

Table 5.2. The total mean mass of litter collected in the Tradi tional Coffee System 

(TCS) was 9,121.50 kg/ha/year, with Cecropia obtus1folia (27.6%), Heliocmpus 

appendiculatus (1 8.2%) and Bauhinia divaricata ( 14.1 %) as the dominant species; for 

RCS the total mass of litter collected was 5,752.7 kg/ha/year, dominated by 

Robinsonella mirandae (14.3%), Inga spp (1 3.5%), Heliocarpus appendiculatus 

(11.3%), and other unidentified species ( 13.4%) and for Spmf the tota l mass of litter 

collected was 8, 190.00 kg/ha/year, dominated by Croton officinalis (27.5%), 

Syderoxy lon capiri (1 7.4%), Piper hispidum (1.9%), and Robinsone!la mirandae 

(1 0.2%). 

Table 5.2 Average leaf-litter production per dominant species (kg/ba/yea1··1
) 

Tree species TCS RCS Spmf 
Robinsonella mirandae 604.86 772.14 837.93 
Coffea arabica 145.86 58.74 11.88 
Mastichodendron capirii 385.7 3.8 63 .08 
Piper hispidum 47.1 9 299.91 976.56 

Croton offi.cinalis 20.1 6 584.64 2,252.16 
Cecropia obtusifolia 2,519.2 45 1.2 582.8 
Heliocarpus appendiculatus 1,657.5 650.25 44 1.1 5 
Spondias mombin N.a. 260.48 520.96 
Syderoxylon capiri 176.88 344.38 1,425.76 
Stemmaldenia donnel-smithii 8.32 588.8 336 
Other species 3,555.78 1,738.33 74 1.75 

Note: N.a. 1 o a va ilable. 
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5.3.2 Leaf litter mass loss ove,- time 

The litter mass loss displayed characte1istic decomposition patterns in that during the 

first phase of decomposition during the dry season (from Januaiy to May), 

Robinsone/la mirandae in the three systems decomposed quickly dming the first 176 

days and continued almost linearly but at a slower rate of decomposition during the 

fo llowing 176 days and the percentage mass remaining was just 14 to 16 % (Fig. 5.3 

(a)) and there were no differences in mass loss of Robinsonella mirandae between the 

three systems. During the dry season ( 176 d) the mass loss in Robinsonella m.irandae 

averaged 65 % and during the rainy season (the next 176 cl) 17 % more. There were 

no significant differences between systems and replicates. 

Similar trends in decomposition rates were found in the litterbags containing 

Robinsonella mirandae/Cojfea arabica and litter mix (Fig. 5.3 (b), and (c)), with a 

rapid loss of d1y matter during the first 176 days and a slower decomposition rate for 

TCS (34.7 and 39.3%) and Spmf (43.3 and 33.3%) of d1y mass. For the mass 

remaining in Robinsonella mirandae/Co.ffea arabica and litter mix in RCS, it follow 

the same trends during the first 176 days but showed the highest mass loss at 352 

days, with a remaining mass of just 8.0 and 12.7 % respectively. 

The litterbags containing Robinsonella mirandae/Coffea arabica leaf litter showed no 

differences in mass loss rates for the three systems ranging from 55 to 62 % of mass 

loss during the dry season, but in the rainy season, a higher mass loss was recorded 

for the RCS with 87 % of mass loss in compaiison with TCS and Spmf with a 67 % of 

mass loss at the last date of sampling (352 d). 

For the individual representative species (Fig. 5.3 (cl)), Mastichodendron capirii in 

TCS show the slowest mass loss (44.7 % remaining mass) followed by Croton 

o.fficinalis in Spmf (30.7) and Piper hispidum in RCS (0.7). The litter mix showed 

different mass loss patterns for the three systems fo llowing the order TCS > Spmf > 

RCS and mass losses of 60 %, 64% and 92% respectively. This can be due to the 

differences in species litter qualities of each system represented in the litterbags. 
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Litter mass loss for representative species per system fo llowed different patterns. 

1\llastic/1odendro11 capirii and Croton o_fficina/is had a mass loss of approximately 55 

% du1i ng the dry season with no further loss during the rainy season meanwhile Piper 

hisp ic/11111 showed a mass loss of about 65% dming the dry season and I 00% by the 

end of the experiment. Probably, during the first 176 days, Mastichodendron capirii 

and Croton o_fficinalis lost most of their water soluble compounds and nutrients. 

For all the systems, the dry mass remaining varied by an order of magnitude: 

Robinsonella mirandae > Robinsonella mirandae/Co_ffea arabica > Mix > 

Representative species (Piper hispidum > Croton o_fficinalis > Mc,stichodendron 

capirii). lnitial relative weight loss vmied significantly within species mixes and 

systems but not between replicates. 
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Fig. 5.2 Percentage of remaining weight in (a).- Robinsonella mirandae, (b).-Robinsonella mirandae/Co.ff'ea arabica, (c).-Mix litter and 
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5.3.3 Variations in the decomposition rate (k) of the leaf litte,· ove,· time 

Decay rate coefficients (""k'") for all species ranged from -0.1278 (Robinsonella 

mirandae/Coffea arabica in Spmf) to 3.912 (Piper hispic/11111). Comparatively greater 

k values were observed between at the last 176 d of incubation in all the litte r tested. 

Estimated annual decay rates were slightly higher for Robinsone/la mirandae (Fig. 5.4 

(a)) than for Robinsonella mirandae/Cojfea arabica (Fig. 5.4 (b)), the lowest values 

for rates of decay were obtained in Mix litter (Fig. 5.4 (c)) and Mastichodendron 

capirii and Croton o.fficinalis (Fig. 5.4 (d)). 

Robinsonella mirandae values ranged from 0. 1.05 (11 th d) to 3.912 (352 d), and 

Robinsonella mirandae/Co.ffea arabica ranged from 0.1278 to 3.912 (1 I th and 352 d 

respectively). 

For RCS the lowest value was recorded at the beginning of the experiment but it 

remained low for most of the time, mix litter values ranged from 0.1508 (11 th d) (Fig. 

5.4 (c)). 

Mastichodendron capirii had the highest value at the beginning of the experiment 

( 1.1054) and remained so during the dry season (firstl76 d) but at the beginning of the 

rainy season the decomposition rates lowed down to 1.0788. The highest rates were 

after 22 d of the experiment (Fig. 5.4 (d)). 

Croton o.fficinalis (Fig. 5.5), showed the lowest decomposition rate at the beginning 

of the experiment, and remained constant for most of the 352 d of the experiment. 

Medium rates of decomposition were obtained in Piper hispidum which recorde 

0.30 11 at the first 11 days but had the highest k values at the end of the experiment 

3 .912 (Fig. 5.4 (d) and 5.4 (d)), and the major dry weight loss as well. 
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Fig. 5.3 Variations in the mean decomposition rates ("k" values) over time and system in (a).- Robimmne/la mirandae, (b). -Robi11so11el/a 
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in San Miguel, Mexico. 
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The changes in the decomposition rate (k) of the leaf litters did not follow the same 

general trend in the systems (Figure 5.4). Most of the curves (for Robinso11el/a 

mirandae in TCS and Spmf, Robinsonella mirondae/Co[fea arabica in TCS, RCS and 

Spmf, Mix litter in TCS and RCS, and Piper hispidwn) showed a rapid increases 

followed by a decrease in decomposition rate over time. The curves for systems 

Robinsonella mirandae in RCS, Mix litter in Spmf and Mastichodendron capirii were 

asymptotic, providing evidence that no fimher increase in decomposition rate 

occuned after about 200 days. In the litter of Croton officinalis (low quality litter) the 

rate of decomposition initially increased, then declined rapidly after 200 days so that 

the curve was dome shaped. 

The different shapes of the curves and the different values of the regression 

coefficients indicated different rates of change in the decomposition rates in the litter 

of each system. All of the polynomial regression equations were highly significant at 

P :S 0.01 (Table 5.3). 

ANOV A indicated that the decomposition rates of the leaf litters did not vary 

significantly within replicate samples, but did vary significantly between the 

litter/systems and between the times of sampling (Table 5.3). The interaction between 

time and litter type per system was significant. This implied that the changes in 

decomposition rate over time were not exactly the same in each system, but varied 

with respect to the different systems, as illustrated in Figures 5.3 and 5.4. 
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Table 5.3 Polynomial regression equations to describe variations in decomposition rate (" k" ) over time in Robinsonel/a mirandae, 

Robinsonella mirandae/ Co.ffea arabica, Representative mix litter per system and Mastichodendron capirii, Piper lii~pidum and 

Croton <~fficinalis in TCS, RCS and Spmf. 

System/ Litter Equation R- % ANOVA(F) p 

1.- TCS Robinsone/la mirandae D= 0.0892 + 0.006741 Time - 0.000004 Time" 85.8 54.37 0.000*** 

2.- TCS Robinsonella mirandae /Cojf'ea arabica D= 0. 1301 +0.005 143 Time + 0.00000 1 Time1 89.3 74.98 0.000*** 

3.- TCS Mix litter D= 0.1427 + 0.005200 Time+ 0.000003 Tirne1 81.3 39.23 0.000*** 

4.- RCS Robinsone!la rnirandae D= 0.0847 + 0.006749 Time+ 0.0000 11 Time1 89.1 73.47 0.000*** 

5.- RCS Robinsonella mirandae /Co.ff'ea arabica D= 0.1804 + 0.002131 Time+ 0.000012 T ime1 77.2 30.49 0.000*** 

6.- RCS Mix litter D= 0.1448 + 0.0040 10 Time+ 0.000002 Time1 47.6 8.1 8 0.003** 

7.- Spmf Robinsonella mirandae D= 0. 1292 + 0.004397 Time+ 0.00000 1 Time1 45.1 7.40 0 .005** 

8.- Spmf Robinsonella mirandae /Co.ff'ea arabica D= 0.32 18 + 0.00087 1 Time + 0.000025 Time1 79.7 35.41 0 .000*** 

9.- Spmf Mix litter D= 0.0759 + 0.004753 Time - 0.000006 Time1 80.7 37.57 0 .000*** 

I 0.- TCS Masfichodendron capirii D= 0. 1698 + 0.005242 Time - 0.000009 Time1 88.1 66.79 0 .000*** 

11.- RCS Piper hispidum D= 0.2994 + 0.0011 38 T ime + 0.000032 Time2 97.3 323. 12 0 .000*** 

12.- Spmf Croton o.fflcinalis D= 0.0975 + 0.006956 Time - 0.0000 18 Time- 65.2 16.87 0.000*** 

Note: TCS: traditional coffee system; RCS: rustic coffee system and Spmf: subperennial medium forest. D= Decomposition 
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5.4. Discussion and conclusions 

Leaf litter mass loss over time 

There are many d1ivers of decomposition that include the effect of the environment 

(macro and micro climate) the quality of the substrate and composition of the 

decomposer community (Swift et al., 1979; Aerts, 1997; Aerts and De caluwe, 1994; 

Parton et al. , 2007). These influence losses due to catabol ism, removal or expo1t 

following comminution, and leaching. Mean percentage dry weight loss was 

deteml.ined for each of the mixes tested in the litterbags over the incubation time " in 

situ". An initial faster rate of disappearance was followed by a subsequent slower rate, 

in agreement with the results repo1ted for litter decomposition by Anderson and Swift 

(1983); Swift and Anderson (1 989); Jama and Nair (1996), and others. 

Decomposition process may apparently be divided into two phases controlled by 

different factors. An initial phase with a faster rate of disappearance of mass litter 

followed by a subsequent slower rate is in agreement with the results reported by 

others (Anderson and Swift, 1983; Swift and Anderson, 1989; Sundarapandian and 

Swamy, 1999; Loranger et al 2002; Xuluc-Tolosa et al. , 2003). 

During the collect of the litterbags samples over the 352 d, different types of micro­

organisms, micro-fauna and fungus of different types were observed. Differences in 

loss mass between sites (RCS vs TCS and Spmf) may be caused by either 

environmental factors or variation in substrate concentrations (Sundarapandiam and 

Swamy 1999), earlier decomposition rates are strongly related to climate and litter 

concentrations of water soluble compounds (Berg, 2000), while later decomposition 

rates are more influenced by lignin content of litter because they can slow the 

decomposition and affect the surrounding soil and li tter (Melillo et al, 1982; Couteaux 

et al, 1995; Chadwick et al., 1998, 2001; Preston and Trofymow, 2000). 

The first stage of decomposition, the mass loss may have been influenced as result of 

the high content of water soluble and simple components and the breakdown of the 

litter by decomposers, specially the micro-organisms and small insects. The relative 

slower decay during the second phase of decomposition ( 176 to 352 days) may be due 
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to the accumulati on of resistant components such as the lignin and phenols which 

subsequently slow the decomposition rate of the resource and are no longer a source 

of energy for most decomposer organisms. 

The higher relative mass loss dming the rainy season for Piper hispidwn and the 

litterbags in the RCS compared to the dry season might be due to physical 

detem1inants in the site such as soil moisture content, temperature and their effect on 

the micro-organi sms decomposers activity (Facelli and Pickett 199 1 ). Decay rates 

coefficients ("k") in the present study were high for all the litter tested in the RCS and 

Croton o.fficina/is for all the sampling dates, probably indicating an effect of the 

microclimate or the mixture of litters on the rates of decomposition. The lowest 

decomposition rates were shown in Mix litter on TCS, Spmf and Mastichodendron 

capirii while the rest of the litter showed medium rates of decomposition. 

Decomposition increased with the onset of the dry season, from January to end of 

May (the fast 176 d.) and then stayed low and relatively constant for the latter part of 

the experiment ( I 76-352 d). However, Piper hispidum, Mix litter and Robinsonella 

mirandae/Coffea arabica in RCS started losing mass first, followed by Robinsonella 

mirandae in the three systems. Piper hispidwn showed the greatest mass loss by the 

end of the expe1iment. 

The fact that decomposition did not vary among sites at least for Robinsonella 

mirandae (for the tlu·ee systems), Robinsonella mirandae/Coffea arabica and Mix 

litter (TCS and Spmf) seems to indicate that moisture and temperature are not the 

ove1Tiding determinants for litter decay. Perhaps differences in the litter chemical 

composition in some cases as a result of the mix of the tree species in each of the 

systems tested could influence it 

It is evident that periodicity of litterfa ll is largely influenced by ammal climatic 

variations particularly the dry and the wet season (Jackson, 1978; Proctor, 1983; 

Proctor et a l. , 1983; Beer, 1988; Dantas and Phillipson, 1989; Scott and Binkley, 

1997; Kumar and Deepu, I 992; Liu et al. , 2003 b) and decomposition dynamics (Beer, 

1988; Liu et al. , 2003a). However, the results of this study seem to indicate that 

li tterfa ll peaks do have rela tion with the raiJ1fall variation and the phenology of the 
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tree canopy composition. This emphasizes the need for long-tem1 litterfall studies to 

confinn seasonal periodicity and establish relations between rainfall and litterfall 

peaks. 
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Chapte1· 6 Leaf litter quality influence on decomposition rates in TCS, RCS 

and Spmf in San Miguel, Veracruz. Mexico. 

6.1 Introduction 

6.1.1 Litter quality and the decomposition process 

Studies of litter quality and changes over time have been widely documented over the 

last decades and the results obtained have been diverse over different locations and 

biomes (Cornwell et al. , 2008; Zhou et al., 2008a), climates (Fonte and Showalter, 

2004), decomposer communities (Wardle and Lavelle, 1997) vegetation types (Swift 

et al. , 1979; Wood et al. , 2005 and 2006; Zhou et al. , 2008b) and green:fall vs 

senescent foliage (Fonte and Schowalter, 2004). The concentrations of nutrients in the 

litter materia l are determinant for the quality of the material and have a direct 

influence on the rates of decomposition (Swift et al. , 1979). 

Besides the soil conditions, chemical quality of the litter, and climate the main cause 

of variation in chemical composition of plant tissues is through selection of plant 

species (Heal et al. , 1997) and their major life fom1 (annual, deciduous or evergreen 

perennial etc). 

The nutrients taken up by the roots and translocated through the plant accumulate i11 

different concentrations in the plant organs. The dist1ibution of nutrients is 

detenninated by the relative activity of the plant tissues, the most productive, store the 

most nutrients. In this respect, the photosynthetic tissues in the leaves a lways have the 

highest nutrient concentrations followed by the young roots and twigs. The perennial 

tissues such as the bark and branches have the lowest nut1ient concentrations in a ll the 

p lant (Swift et al. , 1979). The main components of litter fall by dry weight are the 

leaves and their production is of vital importance in ecosystems with limited access to 

nutrient sources as in some tropical ecosystems. 

The term ·•Ji tterfal l qua lity'· mai nly refers to the content of nutrients and comparative 

decomposition speed of the vegetal remainders (Anderson and Swift, 1983). The type 

of litterfall that is considered of high qua li ty is that which has a high nutrient content 
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particularly nitrogen and that is not recalcitrant, whereas the ligneous remainders and 

other lignified materials like the srraw of some cereals are more resistant to 

decomposition and therefore of a lower quali ty. Nevertheless, there exists an 

interspecific variation in the quality and amount of litterfall produced by different 

species, which is the reason why decomposition (and therefore, the cycle of C and N) 

is determined by the characteristics of the dominant species that compose the system. 

These litterfall decomposition rates are regulated by a sen es of hierarchical bio­

physical factors (Sariyildiz and Anderson, 2003) with fungi and bacteria as 

decomposition agents. Different resource types consistently decompose at different 

rates even under controlled conditions. 

Heal et al. ( 1997), recognizes three different chemical attributes of the leaf litter 

material: carbon and the energy sources; nutrients in the leaf litter and finally, 

molecules which can inhibit or stimulate the growth of decomposer colonies of micro­

organisms. These molecules are often (not always) very active but at relatively lower 

concentrations. 

6.1.2 Chemical quality parameters of leaf-litter 

Decomposition and nutrient release patterns of organic matter are dete1mined by the 

organic constituents and the nutrient content of the organic matter, the decomposer 

colonies and the environmental conditions. According to Palm and Rowland (1 997), 

some of the quality parameters that can be important to measure litter quality 

depending on the decomposition stage are for initial stages: The litter can play at least 

two principal roles in the ecosystems: it can be the main source of nutJients that will 

form pa11 of the nutrient cycle of the forest (Montagnini et a l. , 1993) and secondly, it 

can be a determining factor to protect the forest floor from c limatic and physical 

conditions erosion and so il compaction (Geddes and Dunkerley, 1999, W ilcox et al. , 

2003), and to form and conserve micro-climatic conditions important for the 

development of microorganisms in the so il, nitrogen, polyphenols, and for later stages 

in S.O.M. and decomposition: carbon and lignin (Swift et al. , 1979; Wardle and 

Lavelle, 1997; .Janzen, 2004). 
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The N and P concentration, C: N ratio, Lignin, Lignin: N ratio and po lyphenols can 

play important roles in governing the rates of decomposition and in N mineralization. 

The N content was the first litter chemistry parameters used to predic t decomposition 

rates but C:N ratio showed to be a good parameter in some studies (Swift e t a l. , 1979; 

Tian e t a l. , 1997), this ratio has been fo und to be of c1itical importance (Bocock, 

1964; Jenny, 1994; Zhang et al. , 2008; Zhou et al. , 2008a). Other studies in tropical 

ecosystems have found that the P and C:P ratio (Vitousek, 1984; Vitousek et al. , 

1994 ; Gtisewell and Gessner, 2009), can influence the rates of decomposition. 

Litterfall quality studies indicate other factors able to predic t the decomposition rates 

in litte r-fall rather than the C:N ratio and lignin:N. One of these factors is the content 

of polyphenolics and lignin (Giller, 2000; Schroth and Sinclair, 2003), since both 

compounds in high quantities can slow down the decomposition of the vegetal 

material (Palm, 1995) and therefore can be considered as low quality. Organic 

materials with a low C:N ratio (<25) and low concentrations of lignin (< 15%) and 

polyphenolics (<3%) are considered to be high quality because of the fast release of 

the nutrients and high rates of decomposition (Palm and Sanchez, 1990). 

Litterfa ll decomposes faster in tropical than in temperate ecosystems. Fo r example in 

b orea l and tundra zones, the physical conditions as well as low temperatures and low 

quality nutJient availability and the negligible soil animal component limit the 

decomposition rates. In contrast, in tropical zones there are better physical conditions 

of temperature and humidity, a higher quality (but variable) and an ac tive and major 

fauna component (Swift e t al, 1979). In the Amazonian forests, litte rfa ll is 

decomposed more slowly than in other forests that grow over more ferti le soils 

(Medina and Cuevas, 1996) because of the low Lignin:N propo11ion (Cuevas and 

Medina, 1988). Litter w ith low quality can make an important contribution in 

conserving the soil than more rapidly decomposing litter (Hairiah et a l., 2006), and 

he lps to create better mic roclimatic conditions in which the decomposer micro­

organisms grow. 

The objecti ve in this chapter was to investigate the changes of the leaf litter quality in 

four litter types, representing the most representative litter species in TCS, RCS and 

Spmf. The objectives were: (1) to evaluate the relative impo11ance of the leaf litter 
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quality and their changes over time, and (2) to estimate the influence of different 

parameters measured du1ing 352 days in these systems. 

The hypotheses were: 

a) There are differences m initial quality of the leaf litter produced in each of the 

study systems, characte1ized by their N, lignin, cellulose, hemicelluloses 

concentrations and C:N and Lignin:N ratios. 

b) The best quality parameters to explain the variability in the decomposition over 

time are N, P, C:N and Lignin:N ratios. 

6.2 Materials and Methods (see Chapter 4) 

6.2.1 Chemical analysis of leaf litter 

The contents of the litterbags used during the loss of mass experiment were utilized to 

perform chemical analyses to establish the degree and changes in the quality of the 

leaf litter tested. After the collection of the litterbags during the sampling dates, the 

leaf litter mate1ial was dried; the leaves were chopped and mixed, in order to obtain 

homogeneous samples for the subsequent laboratory analysis. After obtaining a 

homogeneous sample, foliage was ground to a fine dust in a cutting mill for 

subsequent nutrient analyses. The fitness of grinding is an important consideration, 

because is governed by the weight of sample required for the analysis which should 

be representative of the whole mate1ial, and is recommended for this purposes that the 

biological material, should pass a mesh of a size of 0.5 mm, which is the smallest 

mesh provided with most grinders, but in practice, most of the material is broken in 

smaller size particles. The dried samples were stored in well-sealed containers in a dry 

warm room to avoid any attack by fungi and bacteria to the material to reduce any 

uptake of humidity. 

6.2.2 Nutrient contents analysis 

The laboratory nutrient analyses for N, P, K , Ca and C for each of the litter bags 

material collected from the field were perfom1ed, using the methodology of 

Grim shaw e t al. (1989), the hemicelluloses, cellulose and lignin were analyzed using 
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the ANKOM technology method (ANKOM, 2008 a, b, and c) and C (CE instruments 

NC2 I 00, Them10 Quest, Italy). The fo llowing methods were used for the 

determination of the leaf litter parameters (Table 6. 1 ): 

Table 6.1 Methods for determination of quality litter· parnmeters. 

Chemical parameter Method of detennination 

Nitrogen (*): Diacid mixture digestion procedure (Kjeldahl digestion); 

Phosphorus (*): Vanado-molybdate method (Kitson and Mellon, I 944); 

Potassium (*): Spectrometry Flame emission (FES) method; 

Calcium (*): Atomic absorption spectroscopy (AAS); 

Carbon (**): Dry combustion techniques (CE instruments NC 2 100, 

Thermo Quest, Italia); 

HemiceJluloses + Neutral detergent fibre, Filter bag technique 

Cellulose + Lignin (ANKOM (2008 b)) 

(***): 

Cellulose + Lignin Acid detergent fibre, Filter bag technique 

(***): (ANKOM (2008 a)) 

Lignin (***): Acid detergent lignin in beakers (ANKOM (2008 c)) 

Note: *N, P, K, Ca analysis were performed in Departamento de Suelos, Laboratorio Central , 

Universidad Aut611oma de C hapingo, Mexico. **C analysis at Dept of B iology, Duke University 

(Durham, USA); a nd ***Hemicelluloses, Cellu lose and Lignin analyses were performed 111 an 

ANKOM2000 at Bangor University (SENR), U.K. A ll analyses were performed in duplicate. 

Carbon and nitrogen concentrations (for C:N ratios) were detem1ined by the dry 

combustion method using a NC 2100 Soil (The11110Quest CE Instruments, Mi lan, 

Italy). Leaf litter subsamples were ground using a ball mill. Size fractions were 

ground using a mortar and pestle and passed through 250 ~tm sieve, 4- 5 mg of 

grounded leaf litter were accurately weighed and placed in tin capsules (8-5 mm) and 

combusted at 1200 °C in an elemental analyzer in the presence of chemical ca talysts 

to produce CO2 and N2 
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6.2.3 Neutral detergent fibre (NDF) and Acid detergent fibre (ADF) 

Neutral Detergent Fibre is the residue remammg 111 a detergent solution which is 

composed predominantly of hemicelluloses, celluloses and lignin. Filter bags with 

0.455 to 0.5 g of prepared leaf litter samples were weighed and sealed before being 

p laced in an ANKOM Fibre Analyzer, with a maximum of 24 bags running. Water 

was heated to 70°C and at the start of the process 20g of Na2SO3 and 4 ml of a lpha­

amylase were added manually. During the two fo llowing rinses, two more additions 

of alpha-amylase diluted in 350 ml of distilled water were done. When the fibre 

analyzer process was finished, the fi lter bags excess of water was removed manually. 

The bags then were placed in a 250 ml beaker with enough acetone to cover the bags 

and soaked for 5 min. The excess of acetone in the bags was evaporated by air-drying. 

Filter bags were then over-dried at 80°C for 12 hours. The bags were cooled to 

ambient temperature and weight. Calculations for ¾NDF were made using the 

following formula: 

¾NDF = (W3 - (WlxCl)) x l 00 
W2 

Were: 

W 1=Bag tare weight 

W2=Sample weight 

W3=Dried weight of bag w ith fibre after extraction process 

C 1=Blank bag conection (Fina l oven dried weight divided by the original blank bag 

weight). 

The acid detergent fib re is the residue after digesting with H2SO4 and Cetyl­

trimethylammonium bromide (CT AB); the residues are p redorninantly celluloses and 

lignin. The methodology is the same as for N DF with the difference that an acid 

detergent solution is used (20 g CT AB to I I IN H~SO-1 previously standardized. 

After the completion o f the fibre analysis and once the bags are dried, calculations 

were done as for % NDF. 
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6.2.4 Acid detergent Iignin (ADL) 

After the detem1ination of ADF, the dried bags were placed in beakers and covered 

with approximately 250 ml of 72% H2SO4 and agitated every 30 minutes for 3 hours. 

The H2SO4 was then poured off and the bags were rinsed with tap water to remove a ll 

the acid. This was done until the pH was neutral, and then the bags were rinsed in 

approximately 250 ml of acetone for 3 minutes to remove excess water and then dried 

in an oven at 80°C for 24 hours, the residue is predominantly lignin .. When dry, the 

bags were weighed and then ashed at 525°C for 3 hours. The samples were cooled to 

ambient temperature and the weight loss calculated (W 4) . A blank bag was burned in 

order to obtain the bag ash correction using a weight loss upon ignition. 

The % AOL was calculated using the formula: 

ADL(OM) - DM basis = (W4 - (WlxC2)) xl OO 
W2xDM 

Were: 

W1 =Bag tare weight; 

W2= Sample weight; 

W 3= Weight after extraction process; 

W 4= Weight of organic matter (OM) (loss of weight m ignition of bag and fibre 

residue); 

C 1= Blank bag coITection (final oven-dried weight / original blank weight); 

C2= Ash coITected blank bag (loss of weight on ignition of bag / 01;ginal blank bag). 

6.2.5 Statistical analysis 

Leaf li tter qua lity parameters and quality changes over time data were analyzed using 

ana lysis of variance (ANOVA) with a Tukey's studentized range test (a = 0.05, SPSS 

program version 12, Pallant, 2004). Stepwise regressions were perfonned to 

clete1111ine correlations between time and litter quali ty parameters. 
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6.3 Results 

The a,m of the statistical analysis was to detennine if the chemica l contents and 

decomposition rates of each of the leaf litter types (3 replicates per bag) varied 

s ignificantly with respect to two experimental factors, namely (i) the time of 

incubation and (ii) the systems (TCS, RCS and Spmf). The time of incubation 

conesponclecl to 7 sampling intervals of 0, 11 , 22, 33, 88, 176, and 352 clays. 

The system factor was coded as defined in Table 6.2 (a), where TCS = traditional 

coffee system, RCS= rnstic coffee system and Spmf = forest system. The response 

variables were the quality parameters constituents of the leaf litter i.e. N (nitrogen), P 

(phosphorns), K (potassium), Ca (calcium), lignin, cellulose, hemicelluloses. 

Table 6.2 (a). Initial quality (mean ±SD) of the leaf litter in TCS, RCS and Spmf 

System Leaf litter type Initial Initial Leaf litter 
type Lignin:N ratio C:N ratio QuaJjty 

1.-TCS Robinsonella mirandae 37 .51±0.003 24.59±0.005 medium 
2.-TCS R. mirondae/C. arabica 35.14±0.006 22.03±0.003 medium 

3.-TCS Mixed 35.34± 0.008 23.12±0.002 medium 
4.-RCS Robinsonella mirandae 32.98±0.006 25.51±0.001 medium 
5.-RCS R. mirandae/ C. arabica 34.74±0.004 2 1.14±0.005 medium 
6.-RCS Mixed 28 .67±0.013 21.1 5±0.005 medium 
7.-Spmf Robinsonella mirandae 27.75±0.002 25.51±0.00 I medium 
8.-Spmf R. mirandae/C. arabica 19.25±0.001 * 21.29±0.002 high 
9.-Spmf Mixed 28. 14±0.005 20.39±0.005 medium 
10.-TCS Jvlastichodendron capirii 47.09±0.024* 25 .93±0.005 high 
11 .-RCS Pioer hisoidum 40.82±0.002* 19.35±0.01 2 high 
12.-Spmf Croton o[ficinalis 21.26±0.005* 21.08±0.012* low 
ANOVA (F) 6.38 8.92 

p 0.000*** 0.000** 
Note: R. mirandae=Robinsonella 111irandae:.C. arabica=Co_({ea arabica 

One-Way Analysis of Variance (ANOV A) indicated a highly significant difference 

between the initial mean Lignin:N and C:N ratios of the leaf li tters in the three 

systems. Tukey' s HSD test indicated that the ratios in Robinsonella mirandae/Co.ffea 

arabica (Spmf), Mastichodendron capirii, Piper hispidwn and Croton o.fficinalis were 

significantly different to the others. On the basis the differences between their 

Lignin:N and C:N ratios, the leaf litters were classified as ' ·low" "medium'· and 

·'high" qualities (Table 6.2 (a)). 
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One-Way ANOVA indicated that the mean initial N, P , K , Ca, lign in, cellulose, and 

hemicelluloses contents of the leaf litters varied very significantly between the litter 

types and systems (Table 6.2 (b)). Robinsonella mirandae!Co[fea arabica (RCS), and the 

representative species Mastichodendron capirii, Piper hispic/11111 and Croton o.fficina/is 

stood out as different to the others. 
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Table 6.2 (b) Initial chemical compositions (dry weight basis) of leaf litter from Robinsonella mirandae, Robinsonella mirandae/Co.ffea 

arabica, Mix litter·, Mastichodendron capirii, Piper hispidum and Croton o.flicinalis in TCS, RCS and Spmf. 

System/Litter N % P % K % Ca% Ligni n Cellulose Hemicellulose 
(Beakers%) (ADF%) (NDF%) 

1.- Robinsonella mirandae 1.52±0.08 0.15±0.02 0.30±0.03 6.00±0.99 21.22±0.003 17.18±0.004 13.49±0.02 
1.- R. mirandae/C. arabica 1.59±0.04 0. 14±0.01 0.33±0.05 6.74±1.40 22.23±0.01 20.33±0.004 I 0.49±0.0l 
1.- Mix litter 1.46±0.02 0.13±0.003 0.34±0.05 6.37±0.42 25.57±0.01 18.59±0.004 9.13±0.04 
2.- Robinsonel!a mirandae 1.80±0.04 0. 14±0.003 0.58±0. 10 4.54±0.86 20.89±0.01 25 .89±0.001 9.84±0.01 
2.- R. mirandae/C. arabica 1.80±0.28 0. 12±0.02 0.67±0.33 5.23±0.79 25.06±0.01 28 .06±0.004 4.42±0.01 
2.- Mix li tter 1.80±0.24 0.13±0.02 0.53±0.14 5.66±0.53 25.66±0.01 21.80±0.003 6.54±0.03 
3 .- Robinsonella mirandae 2.1 6±0.06* 0.09±0.02* 0.56±0.02 3.15±0.30 25.43±0.004 23 .04±0.00I 8.49±0.01 * 
3.- R. mirandae/C. ambica 2.01±0.08* 0.1 1±0.01* 2.04±0.25* 2.14±0.62* 13.58±0.002 19.59±0.001 10.58±0.0 I 
3.- Mix litte r 2.03±0.06* 0.1 2±0.01 2.02±0.17* 5.69±2.23 28 .20±0.007 24.1 1±0.009 7.22±0.01 
I. Masrichodendron ca1Jirii 1.56±0.34 0.08±0.02* 0.49±0.16 3.57±0.60 24.68±0.03 * 2 1.66±0.004* 7.81±0.01 
2. Piper hispidum 1.80±0.1 2 0.08±0.03* 2.06±0.52* 4.68±0.8 1 l 6.85±0.00 I * 23.23±0.001 * 17.99±0.0 1 
3. Crown officinalis 1.35±0.03* 0.06±0.004* 1. 11±0.35* 2.50±0.50* 24.69±0.006* 29.05±0.015* 4.36±0.01 * 
ANOVA F 7.75 8.36 27.78 6.51 5.72 9.03 3.25 
p 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.008'1" 1

' 

Note: I =TCS; 2= RCS; 3=Spmf. Values are means ± SD (n=2 I). R. 111irnndae!C. orabica= Robi11so11ella 111im11dae/C<!f/ea ombico 
He111icelluloses=He111icell uloses+Celluloses+lignin, Cellulose= Cellulose+lignin. Othe1= Wax, other nutrien ts, ashes. 

Other % 

40.14±0.02 
38.1 5±0.01 
38.41±0.01 
36.32±0.01 
34.64±0.01 
37.88±0.02 
37.08±0.02 
49.95±0.02 
30.61±0.01 
40.1 5±0.03 
33.3 1±0.01 
36.88±0.01 

5.15 

Tukey's pa ir-wise comparison tests indicated that the litter samples in Croton o.fficinalis (classified as low qual ity) had significantly lower initial 

mean N, P, Ca and hemicelluloses, but significantly higher initial mean K, Lignin and cellulose than the other litters. The litter sanip les in 

Mostic/1ode11dro11 copirii and Piper hispidum (classified as high quality) had significa ntly lower initial mean P, ligni n, and ce llulose than the low 

quality litter. Robinsonella mirandae/Coffea arabica in RCS (classified as high quality) had significantly higher initia l mean N and K but lower 

initia l mean Ca than the low quality li tter. 
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Following the description of initial conditions (Tab les 6.2 (a) and (b)) subsequent changes in 

the chemical contents and decomposition rates of the leaf litter samples over time in each of the 

li tter types per system were described by means of regression equations. Simple linear 

regress10n was not considered appropriate since changes in the chemical content and 

decomposition of leaf litter are not necessarily linear with respect to time. Polynomial 

regression equations of the fom1 Y = Po+ P1 X + P2 X2 were therefore constructed, where Y = 

dependent variable; Po = intercept (value of Y when X = 0), P1 and P2 = regression (slope) 

coeffic ients; X = dependent variable (time in days) were considered appropiate. 

The statistical significance of each regression equation was indicated using the value of R2 

(coefficient of determination, which indicates the percentage of the variance in the dependent 

vaiiable explained by the independent variable) the F (variance ratio) and the P (probability) 

value obtained by Analysis of Variance. Although it was appreciated that the data may violate 

the assumptions of regression (particularly that of homogeneity of variance) the polynomial 

regression equations served to describe different patterns and trends in the chemical contents 

and decomposition rates of the leaf litters with respect to time. 

Two-way Analysis of Variance (ANOVA) was applied to determine the effects of the two 

experimental factors (sampling time and litter/system) on the quality of the litter and the 

decomposition rates of the leaf litter samples. The null hypotheses were the two factors had no 

effect on the mean chemical contents or the mean decomposition rates of the samples, and that 

there were no significant interactions between the effects of time and litter type per system. 

Interaction implies that the effects of one factor depend on the levels of a nother factor. If 

interaction is s ignificant, the variables does not respond in exactly the same way to each of 

factor. If inte raction is not significant, then the effects of the factors are additive i.e. the 

variables respond in e xactly the same way to the each of the factors. 

A repeated measures analysis of variance (von Ende , 1993; Xuluc-Tolosa et a l. , 2003) was 

applicable because the data violated the assumption of independence, i.e . all the 

measurements were not collected from completely separate sampling s ites at the same 

time. Measure me nts were repeated on seven occasions over a pe riod of 352 days at the 

same sampling s ites. Consequently, the samples from each site were not independent, so that 

the va lues of the variables in previous samples may have influenced the values in subsequent 

samples. Standard ANOVA is inappropriate for this kind of data, because the corre latio ns 
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between the repeated measures are not modeled. The random effect of the "within samples" 

variance (the inherent variability within a group of replicates collected at one time) which 

might otherwise influence the results was also taken into account. If a standard ANOVA 

was performed, without taking random differences between the contents of the replicate 

litter bags into account, this could have added another source of variability which 

confounded the variance of the response variables, and could make it difficult to determine if 

there were any significant differences "between systems" and "between times". 

Whilst ANOV A is re latively robust with respect to violation of assumptions, it was expected 

that some of the results may have been influenced by non-homogeneity of variance. Levene· s 

test was therefore applied to check this assumption. Levene ' s test considers the distances of 

the observations from their sample median rather than their sample mean, making it more 

robust for smaller sample sizes which are not necessarily normally distiibuted. 

The convention used to assess the significance of the statistics was ns not significant (P > 

0.1 ); ms marginally significant (P :S 0.1 ); * significant (P :S 0.05); ** very significant (P :S 

0.01 ); *** very highly significant (P < 0.00 1). 

The results of the statistical analyses were used to test research hypotheses based on previous 

investigations on leaf litter decomposition (Swift et al, 1979; Aber et al. , 1990; Lavelle et al. , 

1993; Ae11s, 1997; Aber and Melillo, 2001 ; Baker et al. , 2001) in particular that (a) high 

quality litters (e.g. with lower Lignin:N ratios) are expected to decompose faster than low 

quality litters (with higher Lignin:N ratios) and (b) patterns of variation in the chemical 

constituents of leaf litters with respect to time and litter/system ( coffee and native forest 

systems) w ill be related to the quality and taxonomic composition of the litters. 
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6.3.1 Variations in the nitrogen content of the leaf litte1· ove1· to time 

T he changes in the N content of the leaf litter over time fo llowed the same general patterns 

and trends in the leaf-litter analysed (Figure 6. 1 (a), (b), (c) and (d)). All of the curves were 

dome shaped, reflecting an initial accumulation phase of N , followed by a decline phase. All 

but one of the po lynomial regression equations (for Robinsonella mirandae/Co.ffea arabica in 

RCS) was significant at P < 0 .1 (Table 6.3.). The equation for Robinsonella mirandae/Co.ffea 

arabica in RCS was not significant due to the very high variance in N conten t on day 352, 

illustrated by the wide divergence of points in Figure 6. 1 (b ). 

Table 6.3 Polynomial regression equations to describe variations in nitrogen over time 
in Robinsonella mirandae (a), Robinsonella mirandae/Co.ffea arabica (b), Mix litter (c) 
and Mastichodemlron capirii, Piper hispidum and Croton officinalis in TCS, RCS and 
Spmf 

System Regression equation R- A NOVA(F) p 

TCS (a) N= 1.419 + 0.01448 - 0.000052 83.3 7.67 0.01 2* 

RCS (a) N= 1.486 + 0.009222 - 0.000017 66.3 17.67 0.000*** 

Spmf (a) N = 1.695 + 0.01 306 - 0.000037 27.5 3.41 0.0561115 

TCS (b) N = 1.462 + 0.007042 - 0.000023 18.8 0.71 0.154ns 

RCS (b) N= 1.489 + 0.008623 - 0.000013 72.9 ?4.17 0.000*** 

Spmf(b) N = 1.642 + 0.01207 - 0.000047 88.8 71.70 0.000*** 
TCS (c) N = 1.365 + 0.01243 - 0.000038 34.1 4.65 0.024* 

RCS (c) N= 1.433 + 0.0 l 133 - 0.000028 26.2 3.19 0.065ms 
Spmf(c) N= 1.598 + 0.003158 - 0.000003 34.4 4.19 0.034ns 
Mastichodendron capirii N = 1.460 + 0.02 150 - 0.000064 58.8 12.86 0.000*** 
Piper hispidum N= 1.651 + 0.006275 - 0.000030 59.9 I 3.47 0.000*** 

Croton o[[tcinalis N = 1.328 + 0.008744 - 0.000018 74.7 26.52 0.000*** 

ANOV A indicated that the N content of the leaf litter did not vary significantly w ithin 

replicate samples, but did vary significantly between the Litter types/systems and between the 

times of sampling (Annex 6.1 ). The interaction between time and system was significant. This 

implied that the changes in N content over time were not exactly the same in each system , but 

va1ied with respect to the different systems, as illustrated in Figure 6. 1 ((a), (b), (c) and (d)). 

Robinsonella mirandae, Robinsonella mirandae/Coffea arabica li tte r in TCS, M ix litte r in 

RCS and Spmf and Piper l,ispid11111 and Croton o.fficinalis were characterized by low and 

m edium overall mean N contents < 2.0 whereas those in Rohinsonella mirondae (RCS and 

Spmf), Robinsonella mirandae/Co.ffea arabica (RCS) and 1\llasticl,ode11dro11 capirii were 

characterized by high overall mean N contents> 2.0 . 

104 



4 .3 

3.8 

3.3 

2.8 

* 2.3 1.!1 
'.l z 1 .8 rlf : I ~ 1 3 • t :! . . 

0.8 

0.3 

-0 .2 
0 

3 8 

3.3 

2.8 

2.3 
·~ t "cf. ,., 4 

z 1.s • •1• I 
tr.tf :! 

I 3 ,! . ... ! 

08 

0.3 

-0.2 
0 

(a) 

N '1/c, Robinsonella m.irandae 

• 
100 

• 
~ 

100 

• t 
■ : 
t 

200 

Days 

(c) 

N % Mix 

• 
• • • t 
• 

200 
Days 

'-. 

'.tl 

• • ,J 

',~ 
t 

300 

' • • 
f 

• 
300 

♦ TCS 

• RCS 

• S pmf 

400 

+TCS 

• RCS 

• Spmf 

400 

(b) 

N % Robinsonella mirandae/Co.ff'ea arabica 

3.3 

2.8 

2.3 • 
• 
... 

I 
Ill 
~ .... 

: • TCS 

'!I • RCS 

l.f,: .~ 

?ft.. ita.: . ;.: 
z 1.8 r· 11, ... ,: . 

• ,· ' • Spmf 

~ 
z 

w• ■ 
1.3 • IA 

0.8 t 
0.3 

-0 2 I . 0 100 200 

Days 

(d) 

,., 

300 400 

4.5 

N '1/., Masticlwde11{/ron capirii, Piper hipidu111, 

Croton officinalis 

4 

3.5 

3 
♦ 

2.5 
♦ 

2 •Ii ! ... 
1.5 11"" t , . 

I 

0.5 
() 

-0.5 0 

~ 

'.tl • 
• 

• 
100 

♦ 

• 
Ill 
7 

200 

Days 
300 

♦ 

• • 
• 

♦ t'vl. copiri 

• P. l,ipsir/11111 

• C. o.(Jic i11alis 

" 
400 

Figure 6.1 Regressions of N content of leaf litter over time in (a).- Robinsonella mirandae; (b). - Robinsonella mirandae/Co.ff'ea arabica; 
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6.3.2. Variations in the phosphorus content of the leaf litter over time 

The changes in the P content of the leaf litter over time fo llowed the same general pattern in most 

of the litter/systems (Figure 6.2 (a), (b), (c) and (d)), at those for the N content. All but one of the 

curves (for Mixed litter in Spmf) in Figure 6.2 (c) were dome shaped, reflecting an initia l 

accumulation phase of P, fo llowed by a decline. All but three of the regression equations (for 

Robinsonella mirandae in Spmf and Mix litter in RCS and Spmf) were significant at P < 0 .1 (Table 

6.4 and Annex 6.2). 

Table 6.4 Polynomial regression equations to describe vadations in phosphorus over time in 
Robinsonella mirandae (a), Robinsonella 111ira11dae/Coffea arabica (b), Mix litter (c) and 
Mastichodendron capirii, Piper hispidum and Croton o.f]icinalis in TCS, RCS and Spmf 

System Regression equation R2 ANOVA p 
(F) 

TCS (a) P = 0.1361 + 0.000232 - 0.000001 43 .1 6.8 1 0.006** 
RCS (a) P = 0.1 304 + 0.000680 - 0.000003 45.7 7.58 0.004** 
Spmf (a) P = 0.1230 + 0.000329 - 0.000001 11.8 1.20 0.324"5 

TCS (b) P = 0. 1166 + 0.000979 - 0.000004 82.3 41.71 0.000*** 
RCS (b) P = 0.1293 + 0.000931 - 0.000003 32.2 4 .28 0.030*** 
Spmf(b) P = 0.1034 + 0.001125 - 0.000004 66.4 17.80 0.000*** 
TCS (c) P = 0.1125 + 0.000986 - 0.000004 74.3 26.03 0.000*** 
RCS (c) P = 0.1 244 + 0.000380 - 0.00000 l 16.4 1.76 0.200ns 
Spmf(c) P = 0.1167 - 0.000270 + 0.000001 25.1 3.01 0.075ms 

Mastichodendron capirii P = 0.09682 + 0.000450 - 0.00000 I 19. 1 2.13 0.148ns 
Piper hispidum P = 0.08899 + 0.001267 - 0.000004 64.4 16.28 0.000*** 
Croton o[ficinalis P = 0.07729 + 0.000599 - 0.000002 27.3 3.39 0.056ms 

ANOV A indicated that the P content of the leaf litter did not vary significantly within replicate 

samples, but did vary significantly between the litter type/systems and between the times of 

sampling (Annex Table 6.2). The interaction between time and litter type/system was significant. 

This implied that the changes in P content over time were not the same in each litter/system, but 

varied with respect to the different systems, as illustrated in Figures 6.2 ((a) and (b)). Mix litter in 

Spmf (6.2 (c)) and Mastichodendron capirii, Piper hispidum and Croton o.ff,cinalis (6.2 (d)) were 

characterized by low overall mean P contents < 0. 12 whereas those in TCS and RCS and 

Robinsonella mirandae, Robinsonella mirandae/Coffea arabica in Spmf were characterized by 

higher overall mean P contents > 0. 12. 
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Figure 6.2 Reg1-essions of P content of leaf litter over time in (a).- Robinsonella mirandae; (b). - Robinsonella mirandae/Crdf'ea arabica; 
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6.3.3 Variations in the potassium content of the leaf litte1· ove1· time 

The changes in the K content of the leaf litters over time followed the same general pattern in all of 

the litter/systems (Figure 6.3 (a), (b), (c) and (d)). All the curves described a non-linear decline in 

the K content of the leaf litters with respect to time. There was no evidence for accumulation of K 

in the li tter as observed for N and P . There was a rapid initia l decline phase fo llowed by a 

subsequent slower decline. The shapes of the curves varied between systems (Figure 6 .3) and the 

different values of the regression coefficients (Table 6.5) indicated different rates of decline in the 

K content. All of the regression equations were significant at P < 0.1. 

Table 6.5 Polynomial regression equations to describe variations in potassium over time in 
Robinsonella mirandae (a), Robinsonella mirandae/Co.ffea arabica (b), Mix litter (c) and 
Mastichodendron capirii, Piper hispidum and Croton o.fficinalis in TCS, RCS and Spmf 

System Regression equation R2 ANOYA(F) p 

TCS (a) K = 0.5529 - 0.002854 + 0.000004 40.4 6. 10 0.009** 

RCS (a) K = 0.8374 - 0.003007 + 0.000002 33.5 4.54 0.025* 
Spmf(a) K = 0.557 1 - 0.002649 + 0.000004 48.3 8.40 0.003** 
TCS (b) K= 0.653 1 -0.00 1650 + 0.00000 I 24.0 2.84 0.085ms 
RCS (b) K = 0.9826 - 0.004676 + 0.000006 42.0 6.51 0.007** 
Spmf(b) K = 1.628 - 0.0 1502 + 0.00003 71.7 22.84 0.000*** 
TCS (c) K = 0.6034 - 0.004152 + 0.000007 37.6 5.42 0.014* 
RCS (c) K = 0.6522 - 0.003723 + 0.000006 44.2 7. 12 0.005** 
Spmf (c) K = 1.4 19 - 0.01270 + 0.000026 33 .1 4.45 0.027* 
Mastichodendron cavirii K = 0.7 186 - 0.005996 + 0.0000 I 3 25 .7 3.11 0.069111s 
Piper hispidum K = 1.121-0.01158+ 0.000024 46.0 7.67 0.004** 
Cmton officinalis K = 1.308 - 0.0 I 073 + 0.00002 1 61.6 14.44 0.000*** 

ANOV A indicated that the K content of the leaf litters did not va1y significantly within replicate 

samples, but did vary significantly between the litter type/systems and between the times of 

sampling (Annex Table 6.3). The interaction betw een time and litter type/system was significant. 

This implied that the changes in K content over time were not exactly the same in each litter, but 

varied with respect to the different systems, as il lustrated in Figure 6.3. All leaf-litters in TCS, 

R obinsone//a mimndae in Spmf, Mixed litter in RCS, and Mastichodendron capirii were 

characte1i zed by lower overall mean K contents < 0.5 whereas those in Robinsonella mimndae 

(RCS), Robinsonella mirandae/Coffea arnbico (RCS and Spmf) Mixed litter in Spmf, Piper 

hispid111n and Croton o.fficinalis were characterized by higher overall mean K contents > 0 .5. 
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6.3.4 Variations in the calcium content of the leaf litter over time 

The changes in the Ca content of the leaf litters over time did not follow the same genera l pattern 

in a ll of the systems (Figure 6.4). Some of the curves (e.g. for Robinsonel/a mirandae (a) and 

Mixed litter in RCS (c)) described a progressive decline in the Ca content of the leaf litters with 

respect to time. Other curves (e.g. for all litter types in TCS (a, b, and c), Mixed li tter in Spmf (c), 

Mastichodendron capirii, Piper hispidum and Croton officinalis (cl)) were dome shaped, providing 

evidence for accumulation of Ca in the litter prior to a decline. The different shapes of the curves 

and the different values of the regression coefficients (Fig. 6.4 and Table 6.6 (a)) indicated 

different rates of decline in the Ca content. All but three of the regression equations were 

significant at P < 0. 1 (Table 6.6). There was no significant change in Ca content with respect to 

time in the litters in Robinsonella mirandae (Spmf (a)) Robinsonella mirandae /Coffea arabica (b). 

Table 6.6 Polynomial regression equations to describe variations in calcium over time in 
Robinsonella mirandae (a), Robinsonella mirandae/Cojfea arabica (b), Mix litter (c) and 
M . I I d ... P" I . · 1 d C f( . r . TCS RCS d S mf asttc JOG en ron capiru, 1per 11sp1G um an roton o lClllCI IS 111 

' 
an ip 

System Regression equation R2 ANOYA p 
(F) 

TCS (a) Ca= 5.233 + 0.03046 - 0.0001 17 50.9 9.33 0.002** 
RCS (a) Ca= 4.612 + 0.0038 12 - 0.000038 57.6 12.24 0.000*** 
Spmf(a) Ca= 3.800 + 0.00748 - 0.000022 2.6 0.24 0.79 1"' 
TCS (b) Ca = 5.532 + 0.02926 - 0.000128 58. l 12.50 0.000*** 
RCS (b) Ca = 5.234-0.0022 1 - 0.000013 21.4 2.46 0. l 14ns 
Spmf(b) Ca= 3.593 + 0.02 176 - 0.000068 10.8 1.08 0.359ns 
TCS (c) Ca = 4.610 + 0.0 1667 - 0.000084 40.9 6.22 0.009** 
RCS (c) Ca= 4.688 - 0.03006 + 0.000061 43.5 6.92 0.006** 
Spmf(c) Ca = 3.517 + 0.02959 - 0.0001 13 52.9 10. 11 0.001 *** 
Mastichodendron capirii Ca= 3.225 + 0.008522 - 0.000034 16. l 2.73 0.096ms 
Piper hi.spic/um Ca = 5.473 + 0.04 11 9 - 0.000165 55.7 11.30 0.001 *** 
Croton o[ficinalis Ca= 2.656 + 0.0 1384 - 0.000044 18.5 3.04 0.059ms 

ANOV A indicated that the Ca content of the leaf litters did not vary significantly within replicate 

samples, but did vary s ignificantly between the li tter types/systems and between the times of 

sampling (Annex Table 6.4). The interaction between time and system was significant. This 

implied that the changes in Ca content over time were not exactly the same in each system, but 

varied with respect to the different systems, as illustrated in Figure 6.4. Leaf litters in Mixed litter 

in RCS (Fig. 6.4 (c)) and Spmf, Mastichodendron capirii and Croron o_fficinalis (Fig, 6.4 (d)) were 

characterized by lower overall mean Ca contents < 4.0 whereas Robinsonella mirandae in TCS and 

RCS (Fig. 6.4 (a)) and Robinsonella mirandae/Co_ffeo orohica in TCS, RCS and Sprnf (Fig. 6.4 (c)) 

as well Piper hispir/11111 (Fig. 6.4 (cl)) were characterized by hi gher overall mean Ca contents > 4.0. 
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6.3.5 Va,·iations in the lignin content of the leaf litter over time 

The changes in the lignin content of the leaf litters over time did not follow the same trend in all 

of the litter types/systems (Figure 6.5 ). In some leaf litters (e.g. in Robinsonella mirandae in 

TCS and Spmf (a), Robinsone//a 111im11dae/Coffea arabica in TCS and RCS (b) and M ixed litter 

in TCS and Spmf (c)) there was no significant change in lignin content with respect to ti me 

(Table 6.7). For others (e.g. in Robinsonella 111irandae (a) and Mixed li tter in RCS (c), 

Robinsonella mirandae/Co.ffea arabicu in Spmf (b) and Mastichodendron capirii, Piper 

hh,pidum and Croton o.fficinalis (d)) the regression equations were significant at P < 0.1 and the 

curves were dome shaped, providing evidence fo r accum ulation of lignin in the litter prior to a 

decline. The different shapes of the curves and the different values of the regression coefficients 

indicated different rates of decline in the lignin content. 

Table 6. 7 Polynomial regression equations to describe variations in ADL % over time in 
Robinsonella mirandae (a), Robinsonella mirandae/Co.ffea arabica (b), Mix litter (c) and 

ff C S mf Mastichodendron caoirii, Piver hisoidum and Croton o. icinalis in T S, RCS and :p 
System Regression equat ion R2 ANOVA p 

(F) 

TCS (a) Lignin = -0.0002x2 + 0. I 564x + 49 .5 18 75.4 0.73 0.494"5 

RCS (a) Lignin = 0.000 I x2 + 0.049x + 52.346 69.2 15.89 0.000*** 

Sprnf(a) Lignin = -9E-05x2 + 0. l 213x + 53.41 8 81.7 1.82 0. 191'" 

TCS (b) Lignin = 7E-05x2 + 0.0707x + 53.443 87. 1 0.60 0.10211s 

RCS (b) Lign in = 7E-05x2 + 0.0566x + 51.539 78 .5 0.64 0.538ns 

Sprnf(b) Lignin = 0.00 l 3x2 + 0.2983x + 54.275 96.0 3.98 0.03 7* 

TCS (c) Lignin = 5E-05x2 + 0.0966x + 49.064 8 1.9 2.20 0.10411s 

RCS (c) Lignin = 0.000 1 x? + 0.0709x + 47. 184 58.2 9.79 0.001 *** 

Spmf(c) Lign in = 0.0002x2 + 0.0363x + 49.966 29.4 2.98 0.076ms 

Mast ichodendron Lignin = 9E-05x2 -"- 0.0557x + 55.4 16 84.2 3.20 0.065ms 

~a,Jirii 
Piper hispidu111 Lignin = -0.00 l 2x2 + 0.2754x + 50.444 90. 1 21.59 0.000*** 

Croton o.fficina/is Lignin = 0.000 I x2 ~ 0.06x + 48.283 32.2 80.46 0.000*** 

ANOVA indicated that the lignin conte nt o f the leaf litters did not vary significantly w ithin 

replicate samples, but did vary s ignificantly between the litter types/systems and between the 

times of sampling (Annex Table 6.5). The interaction between time and system was significant. 

This implied that the changes in lignin content over time were not exactly the same in litter, but 

varied with respect to the d iffere nt systems. as illustrated in Figures 6.5 . Leaf litters in TCS, 

Robinsonello mirnndoe/Cof(c'o ombico and Piper hispid/1/n were characterized by lower overa ll 

mean lignin co ntents < 0. 1 whereas those liner in RCS. Rohinsonella 111irandae and Mixed litter 

in Spmf and Mos1icl,ode1ulron copirii and Cro/On officinalis were characterized by higher 

overall mean lignin contents > 0. 1. 
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6.3.6 Variations in the ADP½) (cellulose) content of the leaf litte1· ove1· time 

The changes in the ce llulose content of the leaf litters (ADFo/o) mostly followed the 

same general trend (Figure 6.6). All but one of the curves (for Robinsone//a 

mirandae/Coffea arabica in Spmf (b)) described a decline in the cellulose content 

with respect to time. The regression coefficients fo r the second (squared) term of the 

equations were all zero, or close to zero, indicating that the declines in cellulose 

content were linear or approximately linear. The curve for Robinsone//a 

mirandae/Coffea arabica in Spmf was dome shaped, providing evidence for an 

increase in cellulose in the litter p1ior to a decline. The different shapes of the curves 

and the different values of the regression coefficients indicated different rates of 

decline in the cellulose content in the litter in all the systems. All of the polynomial 

regression equations were significant at P :S 0.05 (Table 6.8). 

Table 6.8 Polynomial regression equations to describe variations in ADF% 

(cellulose) over time in Robinsonel/a mirandae, Robinsonella mirandae/Co.ff'ea 

arabica, Mix litter and Mastichodendron capiri/Piper hispidum/Croton ojficinalis 

in TCS, RCS and Spmf 

System Regression equation R2 ANOVA p 

(F) 
TCS (a) Ce! = -2E-05x2 + 0.0363x + 63.866 0.40 30.15 0.000*** 

RCS (a) Ce!= -0.0004x2 + 0. l 846x + 65.229 0.77 14.00 0.000*** 

Spmf (a) Ce! = -3E-05x2 + 0.0383x + 67.54 1 0.46 36.62 0.000**':' 

TCS (b) Ce! = 0.0002x2 - 0 .0487x + 68.232 0.34 3.55 0.050* 
RCS (b) Cel = -0.0002x2 + 0. 103 1 X + 68.359 0.71 8.50 0.003** 

Spmf (b) Cel = -0.001 I x2 + 0.1922x + 63.603 0.96 93.59 0.000*** 

TCS (c) Ce!= 0.000lx2 - 0.0404x + 72.023 0.22 10.1 2 0.001 *** 

RCS (c) Cel = -0.0003x2 + 0. l 354x + 67 .642 0.68 23 .42 0.000*** 

Spmf(c) Cel = -0.0004x2 + 0. 1537x + 73.002 0.65 5.30 0.016* 
A1astichodendron Cel = -6E-05x2 T 0.046x + 69.095 0.69 12.86 0.000*** 
capirii 
Piver hisvidwn Cel = -0.0011 x2 + 0.2239x + 62.658 0.96 23.8 1 0.000*** 

Croron o[ficinalis Ce! = - IE-04x2 .,_ 0 .0516x + 77 .538 0.63 18.43 0.000*** 
Cel= Cellulose 
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Figure 6.6 Regr essions of ADF% (Cellulose content) of leaf litter over time in (a).- Robinsonella mirandae; (b). - Robinsonel/a 
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ANOV A indicated that the cellulose content o f the leaf litte rs d id not vary 

s ignificantly w ithin replicate samples, but did vaiy significantly between the systems 

and between the times of sampling (Annex Table 6.6). The interaction between time 

and system was significant. This implied that the changes in cellulose content over 

time were not exactly the same in each system , but varied with respect to the different 

litter/systems, as illustra ted in Figure 6.6. Leaf litters in Robi11sone/la mirandae 

(TCS), Robinso11ella mirandae/Co.ffea arabica (Spmf), Mastichodendron capirii and 

Piper hispic/11111 were characterized by lower overall mean cellulose contents < 0.07 

whereas those in the o ther litter in RCS, Spmf and Croton o.fficina/is were 

characte1ized by highe r overall mean cellulose contents> 0.07. 
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6.3.7 Variations in the NDF % (hemicelluloses) content of the leaf litter over time 

The changes in the hemicelluloses content of the leaf litters mostly fo llowed the same 

general pattern as the changes in cellulose (Figure 6. 7). All of the curves described 

progressive declines in the hemicelluloses content with respect to time. The regression 

coeffi cients for the second (squared) tem1s of the equations were all zero or close to 

zero, indicating that the declines in hemicelluloses were linear or approximately linear 

over time. Different values of first the regression coefficients reflected differences in 

the rates of decline of hemicelluloses content in the litter and systems. All of 

regression equations were significant at P :S 0.05 (Table 6 .9). 

Table 6.9 Polynomial regression equations to describe variations in NDF % 
(hemicelluloses) over time in Robinsonel/a mirandae (a), Robinsonella 
mirandae/Cojfea arabica (b), Mix litter (c) and Mastichodendron capirii, Piper 
hispidum and Croton o.fficinalis in TCS, RCS and Spmf 

System Regression equation R" ANOVA p 
(F) 

TCS (a) HCel = -0.0002x2 + 0.041 x + 57 .144 0.34 8.73 0.002** 
RCS (a) HCel = -4E-05x2 + 0.0004x + 57.46 I 0. 16 12.23 0.000*** 
Spmf (a) HCel = 0.0002x2 - 0.0898x + 55.582 0.26 7.54 0.004** 
TCS (b) HCel = 2E-05x2 - 0.008 Ix+ 53.289 0.004 8.34 0.003** 
RCS (b) HCel = -6E-05x2 + 0.0505x + 53 .914 0.87 13.8 1 0.000*** 
Spmf (b) HCel = -0.0007x2 + 0.1285x + 48.707 0.88 96.87 0.000*** 
TCS (c) HCel = 3E-06x2 - 0.0124x + 54.458 0.74 6.7 1 0.007** 
RCS (c) HCel = -0.0003x2 + 0.0933x + 5 l .595 0.62 12.72 0.000*** 
Spmf(c) HCel = -0.0002x2 + 0.0832x + 57.522 0.58 16.10 0.000*** 

1'1/asrichodendron HCel = -0.0002x2 + 0.0578x + 52.348 0. 15 5.69 0.0 12* 
capirii 
Piper liispidum HCel = -0.00lx2 + 0.2232x + 42.452 0.96 7.37 0.005** 
Croron ofjicina/is HCel = -4E-05x2 + 0.024x + 56.393 0.21 9.61 0.001 *** 
Note: Heel= 1-lemicellulose 

ANOV A indicated that the logt hemicelluloses content of the leaf litters did not va1y 

significantly within replicate samples, but did vary significantly between the 

litter/systems and between the sampling dates (Annex Table 6 .7). The interaction 

between time and system was significant. This implied that the changes in 

hemicelluloses content over time were not exactly the same in each system, but varied 

with respec t to the different systems, as illustrated in Figure 6. 7. Leaf li tters in RCS, 

Mixed litter in Spmf and Mastichodendron capiri. Piper hispid11111 and Croton 

<dfic inalis were characte1i zed by lower overall mean hemicelluloses contents < 0.7 

whereas those in all the other litter were characterized by higher overall mean 

hern icelluloses contents :::::o. 7. 
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6.3.8 Correlation between decomposition rates and Lignin:N and C:N ratios 

The regression coefficients used to desc1ibe the changes in the decomposition rates 

(Table 6.2 (b)) were plotted against the initial Lignin:N ra tios (Tab le 6.2 (a)) fo r the 

litter in the three systems (Figure 6.8). The initial rates of increase in decomposition 

(indicated by the intercepts) were highest for the high quali ty litters ( e.g. Robinsone//a 

mirandae/Cojfea arabica in Spmf, Mastichodendron capirii and P1jJer hispidum) 

whilst moderate and low quality litters exhibited lower ini tial rates of increase in 

decomposition (e.g. Croton ofjicinalis). 
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A s lowing down of the rates of decomposition (indicated by a negative value fo r the 

second regression coefficient) occ1med after 200 days in the lowest quality litter 

( Croton officinalis) so the plot of decomposition on time in this system was dome 

shaped (Figure 6.8). ln contrast, the second regression coeffic ients were high and 

positive for the better quality litters (e.g. Robinsonella mirandae/Coffea arabica in 

Spmf, Nfastic/10de11dro11 capirii and Piper hispidwn) so that decomposition continued 

to increase with respect to time over the sampling whole period, and the curves did 

not s lope downwards after 200 days (Figure 6.8). 
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The coefficients of the polynomial equations which described the changes in the 

decomposition rates over time (Table 6.2 (b)) were also plotted against the initial C:N 

ratios (Table 6.2 (a)) for the litter tested in the tlu·ee systems (Figure 6.9) and similar 

patterns were revealed to those in Figure 6.9. The initia l rates of increase in 

decomposition (indicated by the intercepts) were higher for the best quality litters 

( e.g. Robinsonella mirandae/Co_[fea arobica in Spmf, Mastichodendron capirii and 

Piper hispidum) and lower for the medium and lo,ver quality litters. The rates of 

increase in decomposition (ind icated by the negative value for the second regression 

coefficient) slowed down for the lower quality litters (e.g. Croton officinalis) but the 

decomposition rate remained high for the best quality litters (e.g. Mastichodendron 

capirii and Piper hispidwn) . Considerable variations in the patterns of change in the 

chemical constituents of the leaf litter with respect to time and system were revealed 

by this investigation. A compmison of the extremes (i.e. the lowest quality leaf litter 

with the highest quality leaf litters) is perforn1ed here, in order to examine whether 

litter quality was a causative factor for such variations. 

6.4 Discussion 

Leaf litter quality is fundamental in detern1ining rates of decomposition and the 

turnover of nutrients in forest systems (Melillo et al. 1982, 1989, 1993; McClaugherty 

et al., 1982 and 1985; Palm and Sanchez, 1990; Scott and Binkley, 1997; Loranger et 

al. , 2002). This study coIToborated this idea and identified several factors influencing 

leaf decay. 

The parameters that best explained the vaiiability were N, P and Lignin:N and C:N 

ratios. Robinsone!La mirandae, Robinsonella mirandae/Co_[fea arabica and Mix litter 

of va1ious sites differed in its initial concentrations of N (TCS<RCS<Spmf), and for 

Lignin:N and C:N ratios (RCS<Spmf<TCS) providing proof that the nutrient initial 

concentrations detennined decomposition rates in the initial phase. 

Lignin concentration didn ·r provide any proof of their influence on first 

decomposition stages but in agreement with other studies as the Lignin:N (Melillo et 

a l, 1982) and C:N ratios (Swift et al, 1979) increase, these have a bigger influence on 

the rates of decomposition in agreement with other studies where nu trient 

concentration ha. 
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As Meentemeyer (1978), Meentemeyer et al. ( 1982) and Palm and Sanchez ( 1990), 

stated that the higher nutrient content the fa ster the decomposition can be, that is 

conoborated by the high rates of decomposition showed by Piper hispidum. 

Mastichodendron capirii and Robinsonella mirandae/Coffea arabica litter in contrast 

to the low quali ty leaf litter values shown by Croton officinalis and therefore lower 

decomposition ra tes over time. 

The rest of the litter obtained medium nutrient quality values and it is shown as well 

in the decomposition rates (Alvarez-Sanchez and Becena-Enriquez ( I 996); Gonza lez 

and Seastedt; 200 1). A lvarez-Sanchez y Becerra, (1996) studied the nutrient content 

in some tree species leaves in a rain forest (Mexico) and observed that the species 

with lowest nutrient concentration values for Mg, K, Ca and P had the lowest 

decomposition rates. In this study the low quality litter (Croton officinalis) showed 

low nutrient content for N, P, and Ca but high for K, Lignin and Celluloses, and had 

the lowest decomposition rates of the litter tested. 

The changes in the quality parameters over time fo llowed the same pattern in the three 

systems and the litter tested. During the experiment it was possible to observe that an 

initia l phase of the decomposition process N and P correlates well with decomposition 

over time (0 to 176 days) than other chemical parameters and this is in agreement with 

Ae11s and De Caluwe (1994), and is characterized by an accumulation of N that 

possibly indicates immobilization by the soil microorganisms. This happens mainly 

during the months of the dry season, as found by Parton et al. (2007), but after I 76 

days lignin and hemicelluloses seems to have more influence and presence in the 

patterns of the chemical composition changes in the leaf litter and loss of weight. 

Gusewell and Gessner (2009), stated that between 27 and 96% of decomposition 

depends on the N and P content of the leaves. Higher initial content of high quali ty 

litter (eg. Robinsone/la mirandae/Cojfea arabica in Spmf and Piper hispid11111) and the 

N concen tration is correlated with P concentration promoted decomposition as 1s 

suggested by other authors (Kumar and Deepu, 1992, Eviner et al. , 2006). 

T he co1Te lations between N and P concentrations suggest that nutrient release 

influenced each other during litter decomposition (Kwabiah et a l. 200 1 ). The N 
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dynamics were more significantly correlated with P during the first p hases of 

decomposition in litter with initial high I and P concentrations. 

These results also seem to endorse some other investigations (Aber e t al, 1990 ) which 

suggest decomposition processes are divided into two phases (Xu luc-Tolosa et al. , 

2003; Zhou et al. , 2008) in which, during the first phase, it happens a process of 

immobilization of the nut1ients, mainly of N and P and a releasing of nutiients, which 

can be controlled by different factors but probably in the case of tropical forests, 

precipitation and temperature are a detem1ining factors (Meetenmeyer, 1978; Aerts, 

1997; Trofymow et al. , 2002) in the second phase the more recalcitrant components 

influence the rates of decomposition (Aber and Melillo, 1980; Chadwick et al. , 1998; 

Preston and Trofymow, 2000). 

In this investigation, the limit between the two processes was the beginning of the 

rainy season, at the encl of May and fi rst week of June until the month of October. The 

greatest prec ipitation occurred during the months of July and August, in which a 

major leaching of soil nutrients of the forest can occur, but the rates of decomposition 

slowed down in comparison to the first stage of the decomposition process. 

Xuluc-Tolosa et al (2003) indicate that the difference between systems does not have 

an impo11ant additive effect on decomposition, bur the decay rates of the individual 

species associated with time vmied considerably. The leaf litter mixes were chosen as 

representatives of the different systems studied: Traditiona l coffee system (TCS) 

Rustic coffee system (RCS) and Spmf. these include a representative species per 

system: Mastichodendron capirii (TCS) Piper hispid11111 (RCS) and Croton officinalis 

(Spmf) . 

Other possible causes to exp lain the vmi ab ility in the ra tes of decomposition can be 

the additive or non-additive responses of mixed li tter decomposing on the forest floor. 

Many studies have found that the litter can decompose faster than expected when the 

component species differ in thei r litte r qualiry nutrient concentration (Wardle et al. , 

2002; Quested et al. , 2003). The additive effect ca n manifest itself in the increase of 

the decomposition rates when litter o f high quality influence the othe r litter deposited 

on the forest floor (Ward le et a l 1997: ScO\\·croft. 1997), through the release of N and 

P which contributes 10 the genera l source of energy fo r the decomposer colonies 
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m1cro-orgamsms. This could be the case of the litter represented in this study of 

Robinsonella mirandae. and Piper hispidum. A negative additi ve effect can happens 

when litter with low concentrations of N and high Lignin:N ratios affect the rest of the 

litter deposited on the forest floor, some examples in this study are the leaf litter of 

Cro/011 offi.cinalis, and the mix of Robinsonel/a mirandae/Co_ffea arabica in RCS. 

The mixture of different litter species with different resource quality and leaf strncture 

change the chemical environment and alter physically the total area where occur the 

decom position process (McArthur et al. , 1994; Hector et al. , 2000; Gartner and 

Cardon, 2004). These alterations can affect as well the abundance and activity level of 

the decomposer organisms (Hansen and Coleman, 1998; Wardle et al. , 2002). 

Therefore, the physical and chemical changes in litterfall mixed, can influence the 

rates of decomposition of direct and indirect way (by means of the descompositor 

community and its activities). 

In this study, it seems that the litter mixes didn' t have an important effect on the 

decomposition rates apan from the RCS mix, in which it could be that Piper hispidwn 

could have an impo11ant effect in accelerating the decomposition in situ (Table 5.1 

and 5.2), and probably in the case of the high quality litter mixes in the TCS and Spmf 

that showed fast decomposition rates during the first phase of decomposition but 

possibly slowered over time because of the accumulation of more reca lcitrant 

chemical components such as lignin or hemicelluloses. Negative interactions can 

occur when one of the main components of litter mixtures contains high amounts of 

more recalcitrant and resistant compounds such as lignin, phenolics (Hattenschwi ler 

and Vitousek, 2000) slowing down the decomposition of the entire litter mixture 

(Hoorens et al. , 2003). 

In general fo r perennial species it is known that generally they display a greater 

amount of lignin and phenol s, which produces a slow decomposition but that in the 

deciduous spec ies and by consequence a smaller liberation of nutrients, besides to 

inhibit other processes (as the gem1ination of other species in the system). These 

conditions cou ld be part of a strategy of nut1ient saving and dominance for evergreen 

species. as soon as for the deciduous species could perhaps be translated as of 

survival. This implies that the characteristics of the perennia l species not only reduce 
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the waste of nutrients, but that also can produce better conditions in the soil to 

medium and long tem1 in the fertili ty of tbe so il, also regulating with it, the 

competitive balance between the perennial and deciduous species. Shade-grown 

coffees are agricultural systems that contain some fo rest-like characteristics. 

6.5 Conclusions 

Leaf litter quality parameters can be a fundamental tool for detennining the rates of 

decomposition and turnover of nutrients in agro-ecosystems and natural forest 

systems (Melillo et al. , 1982; Melillo et al. , 1989; Palm and Sanchez, 1990; Loranger 

et al. , 2002). This study showed the imp011ance of detennining these parameters and 

identified other facto rs influencing leaf decay. 

The parameter that best explained the variability of the decomposition rates through 

time was N, P, fo llowed by the Lignin:N ratio with some differences of 

decomposition in the RCS followed by TCS and Spmf. 

The lowest quality leaf litter was Croton o.fficina/is in the forest system. This litter 

was characterized by: 

• Low initial N, P, Ca and Hemicelluloses, but high initial K, lignin and cellulose 

(Table 6.2(b)) 

• High initial Lignin:N and C:N ratios (Table 6.2 (a)). 

• An initially high decomposition rate, which s lowed down to zero over time 

(Figure 6.9 and 6.1 0). 

• An initial small increase in N and P followed by a rapid decrease (Figures 6. 1 & 

6.2). 

• A rapid non-linear decline in K to zero (Figure 6.3) 

• A sma ll (marginally significant) change in Ca (Figure 6.4). 

• A small increase in Lignin fo llowed by a rapid decline (Figure 6.5). 

• Progressive declines in cellulose and hemicelluloses which were approx imately 

linear with respect to time (Figures 6.6 & 6. 7) 

All these characteristics con oborates the results obta ined by Montagnini et al. ( 1993 ). 

Briones and Ineson ( 1996) and Wardle et al. ( 1997 and 2002). which showed a slower 
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rate 111 decomposition of lower quality litters, probably as a resu lt of a longer 

concentratio n of m ore recalcitrant components and less N compounds as a source of 

energy fo r soil micro-organisms in th e soil. 

The highest qual ity leaf litters, with the lowest initial Lignin:N and C:N ratios (Table 

6.2 (a)) were: Robinsonella mircmdae/Coffea arabica in the Spm f. Mas1iclwdendro11 

capirii in the T CS and Piper hispic/11111 in the RCS . These high quali ty litte rs were 

characterized by : 

• Low injtia l L ignin:N and C:N ratios (Table 6.2 (a)); 

• Decomposition rates which inc reased continuo usly w ith respect to time (Figure 

6 .8 & 6.9). 

• A n initial rapid accumulation of N and P fo llowed by a progressive dec line w ith 

time (Fig 6. 1 & 6.2). 

• A rapid decline in K (Figure 6.3) 

• No significant change in Ca, or an increase, followed by a s low decline (Figure 

6.4). 

• An increase in lignin to a n asymptote, or an increase followed by a s low decline 

(Figure 6.5) 

• Progressive declines in cellulose and h e micelluloses which were approx imately 

linear with respect to time (Figures 6.6 & 6.7) 

It is concluded that the overall chemical changes which took place in leaf litters of 

different qua li ty we re relatively s imilar; however, s ignificant d ifferences were 

observed bel\;1,1een the re lative rates at which different qua lities of litte r decomposed , 

and between the trends and patterns in the c he mica l changes with respect to time. 

These results support the hypothesis that the q ua lity of leaf litter can influence overall 

decom positio n rates w ithin mixtures, through the transfer of nu trie nts and secondary 

c hemicals a nd recalc itrant compo unds a mo ng liner types or by the influe nce of the 

decomposer micro-o rganism s colonies (Chapman e t al. , 1988; Tay lor et a l. , 1989: 

M cTi em an e t a l. 1997; Wardle et al. 1997 and 2002: Sa lamanca et a l. 1998; Hector e t 

a l. 2000; Xuluc-To losa et al., 2003) and c lima te (Tay lor and .Jo nes, 1990: Aerts. 

1997) . 

126 



It is hypothesized that variations in the rates of various decomposition processes (e.g. 

mobilization, accumulation, mineralization, and leaching of chemical constituents) 

and possibly variat ions in enviro11mental fac to rs (e.g. differences in temperature, 

humidity and rain) were probably responsible for the significant differences observed 

between the chemical consti tuents of the litte rs in the tlu·ee systems over the 352 clay 

period of observation. These hypotheses are testable by fu1ther research. 

Regression analysis and ANOV A (A1m ex) confinned that the decomposition rates and 

chemical constituents of the leaf litters varied with respect to both the time of sampling 

and to the systems where the li tter bags were incubated. The results also confinned the 

hypotheses that variations in decomposition rates and chemical constituents were 

associated with different qualities and taxonomic compositions of leaf litters. Lignin:N 

ratio. 
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Chapter 7 Soil nutrients: Does the litter quality have an important effect in 

the changes of the soil of TCS, RCS and Spmf? 

7.1 Introduction 

Beside the c limate, soils are the second most important facto r in controlling the 

distribution and composition of tropical forests. Richards ( I 953), Nye and Greenland 

( 1964) and Sanchez-Vera et al. (2003 ), stated that so il nutrient pools in soils of Latin­

America were poor in most of tropical forests, but Proctor ( 1983), Proctor et al. , 

( 1983 ), listed characteristics of different soil types in the tropics, that included 

countries as Malaysia, Ghana, Venezuela, Peru and Brazil, and concluded that no 

generalization can be made over nutrient pools in tropical forests. 

The macronutrients are considered to be in low quantities in tropical soils with most 

of these nutrients coming from net primary productivity, dust, rain and o ther organic 

remainders. N itrogen is the m ost limiting nuh·ient in soils and its availability depends 

on important soil processes of mineralization and immobilization. The N 

mineralization which is basic for N availability to the pla nts is the process in which 

organic N is transformed into mineral N, mediated by some bacteria colonies as 

Nitrosomes and Nitrosobacter. This process is favoured by high or wa1111 

temperan1res, high soil moisture and pH close to neutral and with good aeration. The 

o ther process is immobilization which is the transformation of mineral N into organic 

N thrnugh the microbia l tissues and it can occur as a result of a high C: N ratio of the 

organic matter depos ited on the forest floor. As a result of the microbial metabolism 

of the soil organic matter, some compounds of N, P and Sare avai lable to the plants in 

the system. The N and P cycles have a synergistic effect when acting on the soil and 

can be important for effective N cycling (Castellanos et al, 2000). 

7. I. I Soil types in Mexico. 

The so l types and characte1istics are already mentioned in pages 30-31. 

General objective 

The general objective of this chapter was to descri be the soil condition and analyze 

the c hemical properties in TCS, RCS and Spmf. T he soil nutrients and charac teristics 
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analyses in this study were, total N, P, K, Ca, pH and O.M. % It was expected to find 

lower values in N, P. K but higher in Ca because of the 01igin of the soil. About 

organic matter it was expected to find differences between the tlu·ee study systems and 

over the time. The hypothesis was that changes in nutrient concentration over time 

will take place over time as effect of the climatic factors and litter decomposition 

processes on the soil. 

7.2 Materials and methods 

7.2.1 Research site (See chapter 4 for sampling sites) 

7.2.2 Soil sampling and laborato,·y analyses 

During Janua1y and December 2006, 126 soil samples were taken from the same sites 

as the leaf litter samplings and litterbag collections (see Chapter 4). The sampling 

intervals were the same as for the litterbag collections (0, 11 , 22, 44, 88, 176 and 352 

days) from the month of January to December 2006. From the sampled sites, the 

forest floor surface was cleared of litterfall and organic matter and a trowel was used 

to dig a hole of 40 cm depth and 30 cm wide in order to extract samples from at two 

depths (0 to 15 cm and 15 to 30 cm). The soil samples were collected in b lack 

polythene bags, sealed and labelled and were sent immediate ly to the soil laboratories 

(Laboratorio de Suelos Universidad Autonoma de Chapingo) to be stored to perfonn 

analyses of nutrient and S.O.M. 

Soil laboratory analyses 

The soil was processed before the analyses by oven d1y ing the samples at a 

temperature of 60°C for 48 hours, and then it was ground until it passed through a 3 

mm mesh (Dominguez, 1999). The fo llowing ana lyses were perfonnecl at the soil 

laborato1y in duplicate: 

pH: pH potentiometer relati on soil-water I :2, in H2O and in I M KC! solution. 

Soil Organic Matter: Soil organic matter percentage content was detennined by the 

method of Wa lkley and Black. Thi s procedure estimates only partially the organic soil 

C oxidation with potassium clichromate and is necessary to use a correction facto r to 
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calculate the difference between the 77% of the organi c Carbon that is oxidated in so il 

and the and 58 % of Carbon tha t the organ ic matter conta ins (Aguilar and Heil. 1988: 

Caste llanos e t a l. 2000). 

Total Nitrogen (N): The samples were digested with sulphuri c acid, disti lled in boric 

acid and determined by titratio n w ith 0.1 M sulphrnic acid (Kjeldahl digestion): 

Phosphorous (P): *Olsen and **Brny-1 methods 

*Olsen method. This was used when the upper reporting limi t was I 00 ppm. O ne 

gram scoop of soil and 20 millilitres of 0.5 molar sodium bicarbonate ( laHCO3) 

solution was shaken for 30 minutes. Blue colour in the filtered extract is develo ped 

with successive add itions of an ammonium molybdate-sulfu1ic acid so lution and then 

an ascorbic acid solution and measured with a fiber optic probe co lo rimeter at 882 

nm. 

**Bray P-1 method. This method was used to measure smalle r P quantities when the 

upper limits were 50 ppm. It has been shown to be effec tive in ca lcareous and neutral 

soils (Caste llanos e t a l, 2000). Phosphorus was extracted by a solution consisting of 

0.025 no mrnl HC I and 0.03 nom1al N H-1F and refen-ed to as B ray- I extracrant. O ne 

g ram scoop of soil and 10 millilitres of extrac tant were shaken for 5 minutes. The 

amount of phosphorus extracted is detenni.ned by measu1i ng the intens ity o r the b lue 

colour developed in the filtrate when treated with ammonium m olybdate-hydrochloric 

acid solution and then amino-naphthol-sulfonic acid solution. The colo ur is measured 

by an absorpt ion spectrophotometer at 640 nm. 

Potassium (K) and Calcium (Ca): Exchangeable cations were extn1c tecl by I N 

Ammonium acetate and by cent1ifugatio n for 5 min. at 2.500 rpm (extracta nts I .ON, 

pH 7.0, I :2 R elation and detem1ined by Spectrometry Flame Emi ssio n): 

7.2.3 Statistical analysis 

The statis tical tests conducted were Ana lyses of Va ria nce us111g Gensrat (Pallant. 

2004) inc luding a Tukey test applied for the data co llectccl in the three systems (TCS. 

RCS and Spmf) , a re Pearson· s correlation (Pa llant. 2004) . Po lynomial regressions 

were do ne with Exce l (2007) to observe the predictio n o r the nu tri ent concentratio ns 
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in so il over time in each of the studied systems. The aim of the statistical analysis \,·a s 

to de termine if the so il che111is t1y varied in different systems (TCS, RCS and Sprnf) 

and to investigate the relatio nships between the temporal variations in so il c hemistry 

and the decomposition rates of the leaf litter. The data were obtained from the three 

systems at two diffe rent depths (0- 15 and 15-30 cm), which all produced .. medium 

quality .. litters (Table 6.1). The soil chemistry variables were N (Nitrogen). P 

(Phosphorus), K (Potassium), Ca (Calcium ), S.O.M. (% Organic Matter) and pH. 

7.3 Results 

7.3.1 Initial conditi ons 

O ne-Way ANOVA indicated that the mean initial (Day 0) N, P, K, Ca, OM, and pH of 

the soils did not va1y significantly between the 3 systems and depths (Table 7.1). The 

soils were all c ircum-neutral in pH w ith low to moderate inorganic nutiient and organ ic 

matter content. 

Table 7.1 Initial (Day 0) soil chemistry variables (mean ± SD) in TCS, RCS and 

Spmf (0-15 and 15-30 cm depth) 

System N p I( Ca S.O.M. pl-I 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) 

TCS 0-.1 5 16.07±2. I 9 18.80±23.3 899±74 1 8899± 1228 35.87±5.65 6.67±0.28 

TCS 15-30 17.30±4.33 4.1 5±2.55 323± 10 1 9893±383 13.89±2.79 7.1 8±0.50 

RCS0- 15 14.80±0.00 I 9.69± 16.1 4 943±864 9750± 1317 42.07± 16.74 6.82±0.23 

RCS 15-30 14.83± 7.45 17.97± 14 .51 587±375 9661 ± 1281 11.65±1.39 6.87±0.19 

Spmf0-15 I 3.57±2.1 4 7.80:::0.65 471 ±225 11929±2893 38.33±9.31 6.9 1±0.21 

Spmf 15-30 17.33±2.19 5.9 1 ± 1.0..J 402±250 12240±2730 20.84±9.95 6.89±0.2 1 

ANOVA F 0.4 7 090 0.79 2.00 2. 19 0.5 1 

p 0.794"' 0.512"' 0.580'" 0. 150"' 0.124'" 0.765'" 

7.3.2 C hemical properties of the soil 

So il pH ranged from 5.5 to 7.3 \\'ilh a mean va lue of6.8 in the 0-15 cm depth and 5.7 

to 7.75 wi th a mean \'al ue of6.87 in the 15-30 cm depth (Table 6 .2). These va lues are 

co ns idered as fairly neutral and a llO\\ nutrients such as N, P, K, Ca and M g lo be 
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available in the so il. pH is particul arl y important fo r P availa bili ty which is strongly 

influenced by pH. For N it is less impo11anr fo r N availability but for the soil 

microbial activity which p lays a basic function in the decomposition processes. 

Total N values ranged from 7.4 to 48.23 units with a mean va lue of 19.9 . The largest 

val ues were recorded in the 15-30 cm (3. 7 to 5 1.9), depth and are the resul t of the N 

leaching during the rainy season. Similar patterns were shown by the S.O.M . %, 

which ranged from 7.4 to 63 .2 and from 7.26 to 46.75 a t 0- 15 and 15-30 crn depth 

respectively, the main values for these depths were 22.33 and 17.46 (Table 6.2). The 

major increment of S.O.M. was recorded at the 0 -1 5 cm after the rain season and a 

small decrease a t 15-30 cm which indicates the transformation of S.O.M. to other 

forn1s through the decomposition or as source of energy for m icroorganisms and 

insects. 

The P concentrations ranged from 0.30 to 95 .6 units at 0-15 cm depth w ith a mean 

value of 16.4 and from 0. 18 to 72.2 a t the 15 -30 cm depth w ith a mean value of 

10.25 . The highest values were recorded at 0-15 cm depth ( 15-30). Kand Ca soil 

concentrations showed a similar pattern over time, fo r K (0-1 5 cm) the range values 

were between 2 1.35 and 2785, with a mean value of 647.3, and from 208 to 2,544 

mg/kg-1 with a mean value of 569.4 in the depth of 15 to 30 cm. Ca soil 

concentrations were similar at both sampling depths (0- 15 and 15-30 cm), w ith ranges 

from 2,5 14 to 24,440 and from 2,440 to 20, 154, with mean va lues of 9,637 and 9,260 

respec ti vely (Table 7 .2). 
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Table 7.2 Mean, min imum and maximum values fo r N, P, K, Ca soil 

concentrations and pH and S.O.M. '¼, in soil at Sien-a de Atoyac, Mexico. 

Depth 0-15 cm Depth 15-30 cm 

N (mg/kg) 

Mean 19.9 ±: 2. I 9 2 1.08 ± 2 00 

Min 7.4 ± 3.34 3.7 ± 3.05 

Max 48.23 ± 2. 19 51.90 ± 2.0 

P (mg/kg) 

Mean 16.4 ± 3.84 10.25 ± 2.53 

IVlin 0.30 ± 5.86 0.18±3.86 

Max 95.6 ± 3.84 72.2 ± 2.53 

K (mg/kg) 

Mean 647.3 ± 137 569.4 ± 105 

Min 21.35 ± 209 208 ± 160 

Max 2,784 ± 137 2,544 ± 105 

Ca (mg/kg) 

Mean 9,637 ± 944 9,260 ± 615 

Min 2,514 ± 144 1 2,440 ± 926 

Max 25,554 ± 944 20. 154 ± 615 

pH 

Mean 6.8 ± 0.09 6.87 ± 0.09 

Min 5.5 ± 0.13 5.7±0. 14 

Max 7.3 ± 0.09 7.75 ± 0.09 

S.O.M. (01.,) 

Mean 22.33 ± 3.1 17.46 ± 3.55 

Min 7.4 ± 4.73 7.26 ± 2.32 

Max 63.2 ± 3.1 49.75 ± 3.55 

Note: n=2 I samples per s ite. Total n=63. Mean values (±SE), Tukey test (p.'.S0.05). 
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7.3.3 Soil chemical changes over time 

A one way between groups analysis of vaiiance was conducted to observe the 

differences of soil nutrient concentrations. T lu-ee groups of systems belonging to TCS, 

RCS and Spmf and two sampli ng depths (al 0-15 and 15 - 30 cm depth) were 

analyzed. There was a statistically significant difference at the p :S 0.00 I levels 

between systems for P (Annex Table 7.1.) and Ca (Annex Table 7.2 .) at both depths 

and for K just at the 15-30 cm depth (An11ex Table 7.2). There were s ignificant 

differences at sampling intervals in P (0-15 cm) and Ca (I 5-30cm). N soil 

concentration ANOV A values don ·t d iffer significantly bet\1/een systems but did in 

sampling dates at both depths (Annex Table 7. 1 ). 

The S.O.M. % differed significantly between systems and in sampling dates at depths 

of 0- 15 cm and pH didn·t show any significant differences in any of the sources of 

variation analysed (Annex Table 7.3). 

Regression analyses were perfom1ed for each of the parameters analysed against time 

and the following graphics were obtained: 

134 



7.3.3.1 Soil N conce ntrations over time (0-15 and 15-30 cm depth) 

N concentration at the 0-1 5 cm of depth (Rc= 0 1938), show a decrease in the values 

over the first 6 sampling dates with a constant decrement over time (Table 7.7) but an 

increment in N concentration was registered for the 15-30cm depth soil samples (Rc= 

0.76 11 for each system) which curves which desc1ibe an initial decrement in values 

and after the 6th sampling date an increment in N soil concentrations about 75 % from 

the initial values recorded. Similar behaviour in -N soil concentrations were observed 

in the three systems (Fig. 71 ). 

Table 7.3 Polynomial reg1·ession equations to describe variations in so~I nitrogen 

(N) over time in TCS, RCS and Spmf. 

45 

40 

10 

5 

0 

0 

System Regression equation 
TCS (0-15 cm) y = 0 .000 l x2 

- 0.05 14x + 21.083 
RCS (0-1 5 cm) y = 8E-05 x- - 0 .0568x + 22.475 
Spmf (0-15 cm) y = 0.0001 x2 

- 0 .0483x + 23.78 
TCS (15-30 cm) y = 0.0005 x- - 0 .148x + 23.547 
RCS (15-30 cm) y = 0.0003 x- - 0.0656x + 21. 153 
Spmf( J5-30 cm) y = 0.0004 X

1 
- 0.0698x + 2 1.475 

(a) 

N mg/kg (0 -1 5 and 15-30 cm depth) 

Q: 

50 100 150 200 250 300 350 

R2 

0.2 188 
0.3921 
0.06 18 
0.7684 
0.6077 
0.7164 

• TCS (0-1 5) 

• RCS (0-1 5) 

t, Spmf (0-1 5) 

o TCS ( 15-30) 

a RCS ( 15-30) 

• Spmf ( I 5-30) 

400 

Figure 7.1 Regressions of soil N content over time in TCS, R CS & Spmf in San 

Miguel, Veracruz. Mexico. 
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7.3.3.2 Soil P concentrations over time (0-15 and 15-30 cm depth) 

Differences in the initial concentrations are shown in Fig. 7.2, in which an increment 

in soil P concentration, in the o rder of RCS, SPMF and TCS respectively and a 

R2=0.9362 (Table 7.8), explain the va1iability in soil P. A slight increment followed 

by a decrement show concentrations almost constant over time in the tlu·ee systems 

for 15-30 cm depth samplings (Fig. 7.2) and a R2=0.7357 fo r the explaining around 

the 70% of variabi li ty in the P soil concentration (Table 7.8). 

Table 7.4 Polynomial regression equations to describe variations in soil 

phosphorus (P) over time in TCS, RCS and Spmf 

System Regression equation 
TCS (0-15 cm) y = 0.0004 x- - 0.0584x + 7.1989 
RCS (0-1 5 cm) y = 0.0003 X L - 0.0325x + 13.991 
Spmf (0- 15 cm) y = 0.0003 x- - 0.0085x + 9.0382 
TCS (15-30 cm) y = 2E-05 x- - 0.00 I 4x + 6.5305 
RCS (15-30 cm) y = -3E-05 x L + 0.0022x + 13 .369 
Spmf(15-30 cm) y = -0.000 1 x- + 0.05x + 6.5675 

(b) 

P (mg/kg) at 0-15 and 15-30 cm depth 
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0.97 13 
0.8938 
0.961 9 
0.383 
0. 1883 
0.7994 

• TCS (0- 15) 

• RCS (0-1 5) 

b. Spmf (0-1 5) 

o TCS (15-30) 

E3 RCS ( 15-30) 

• Spmf ( 15-30) 

400 

Figure 7.2 Regressions of soil P content over time in TCS, RCS & Spmf in San 

Miguel, Veracruz. Mexico. 
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7.3.3.3 Soil K concentrations over time (0-15 and 15-30 cm depth) 

Consta nt and low va lues fo r Kat both soil depths (0- 15 and 15-30 cm) were observed 

duri ng the sampl ing (F ig. 7.3) and with R2 values of 0.1938 and 0. 7611 i·espectively 

that explain the variability at both depths (Table 7.9), show a low level of soil K in a 

verti sol, which are not rare on this type of so il in the tropics 

Table 7.5 Polynomial regression equations to describe variations in soil 

potassiu m (K) over time in TCS, RCS and Spmf 

cu 
~ 
~J 

:,,: 

System Regression equation 
TCS (0- 15 cm) y = 2E-05 x2 + 0. 1447x + 408.72 
RCS (0- 15 cm) y = -0.0 192 x- + 7.3822x + 558. 15 
Spmf (0-15 cm) y = -0.00 14 X

1 + J.2336x + 509.65 
TCS (15-30 cm) y = 0.0005x - - 0.0957x + 344.96 
R CS ('I 5-30 cm) y = -0.0095x 2 + 3.4898x + 728.46 
Spmf (1 5-30 cm) y = -0.008 x2 + 3. l l l 5x + 388.85 

(c) 

K mg/kg at 0-15 and 15-30 cm depth 
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e:, Sp mf (0- 15) 

o TCS ( 15-30) 

E3 RCS ( 15-30) 

• Spmf ( I 5-30) 

400 

Figure 7.3 Regressions of soil K content over· time in TCS, RCS & Spmf in San 

Miguel, Veracruz. Mexico. 
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7.3.3.4 Soil Ca concentrations over time (0- 15 and 15-30 cm depth) 

High Ca concentration at both depths (0-15 and 15-30cm) are reported in the soil 

analyses perfom1ed in the three systems. These values remained almost constant over 

time (Fig.7.4), and the regression curves explained 19% and 76% of the va1iability in 

Ca soil concentration at 0-1 5 and 15 to 30 cm depth respectively (Table 7. 10). 

Table 7.6 Polynomial regression equations to desuibe variations in soil calcium 

over time in TCS, RCS and Spmf 

16000 
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12000 
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---en 
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System Regression equation 
TCS (0-15 cm) y = 0.039 x- - l 5.584x + 9492 .1 
RCS (0-15 cm) y=0.0018x-+3.805x + 8 138.7 

Spmf (0-1 5 cm) y = 0.0381 x- - l 0.542x + 10769 

TCS (15-30 cm) y = 0.0453 x- - l 3 .657x + 8964.5 

RCS (1 5-30 cm) y = 0.003 x- + 4.2535x + 7665.9 

Spmf ( 15-30 c m) y = -0.0396 x- + 17.2x + 9427.4 

(d) 

Ca (mg/kg) at 0-15 and 15-30 cm depth 

t 

50 100 150 200 150 J()() 350 

Days 

R-

0. 14 18 
0.2947 
0.0871 
0. 1709 
0.3654 
0.3926 

• TCS(0- 15) 

• RCS (0- 15) 

b. Spmf (0-15) 

o TCS ( 15-30) 

~ RCS (15-30) 

• Spmf ( 15-30) 

.I()() 

Figure 7.4 Regressions of soil calciu m (Ca) co nten t O\"er tim e in T CS, R CS & 

Spmf in San Miguel, Veracruz. Mexico. 
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7.3.3.5 S.O.M. '1/,, over time (0-15 and 15-30 cm depth) 

S.O .M . highe r percentages va lues at the 0-15 cm of depth were shown and a R2= 

0.855 1 explai ning a 85 % o f the vmiabili ty of S.O .M at superfic ia l layers (Table 

7. 11 ), show a constant increment over time (Fig. 7.5) but an sl ight decrement for 

S.O .M. at 15-30 cm depth was o bserved (F ig . 7 .5), the regression curves for S.O .M . a t 

15-30 cm depth explain jus t around the 44% of the variability (T able7 .1 1) fo r each 

case, simila r behaviour about the S.O.M. was observed. 

Table 7.7 Polynomial 1·eg1·ession equations to describe variations in Soil 

Organic M atter (S. O.M .) over time in TCS, R CS and Spmf 

System Regression equation R-

T CS (0- 15 cm) y = 0.0003 x
1 

- 0.0443 x + 15.42 1 0.9052 
RCS (0- 15 cm) y = 0.0004 x L - 0.0664x + 15.65 1 0.9947 
Sprn f (0-15 cm ) y = -9E-05 x- + 0 .0734x + 22.592 0.5687 
TCS (15-30 cm) y = -7E-05 x"'+ 0 .0308x + 11.932 0 .2499 

RCS (15-30 cm) y = -0 .000 1 x- + 0.0484x + 12.358 0 .45 18 
Spmf ( I 5-30 cm) Y = -0.0003 XL+ 0. 1002X + 22.577 0 .2507 

(e) 

S.O.M. % at 0-15 and 15 -30 cm depth 

50 

45 

40 
♦ TCSi0- 15) 

35 f 
■ RCS(0- 15) 

t 30 ~ l 
6 Spm f (0- 15) 

..... r & TCS( l 5-30J 
:: 

i El RCS ( 15-30) 
lf. 20 

• Spm r ( 15-J0} 
1.:; ![ 

10 
E3 

5 

0 

0 50 100 150 200 250 300 350 400 

Days 

Figure 7.5 Regressions of so il 01·ganic matter (S.O.M.) content over tim e in TCS, 

R CS & Spmf in San Miguel, Veracruz. Mexico. 
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7.3.3.6 Soil pH over time (0-15 and 15-30 cm depth) 

Soil pH values were constan t over the whole year and the sl ight changes observed 

over time; don· t reflect any possible effect in the soil properties or conditions in any 

of the systems. Regression analyses were done for pH values du1i ng the sampling 

dates and it were obtained R:c va lues of0.0 167 and 0.5029 for 0- 15 and 15 to 30 cm 

depth (Table 7.12), which explain a smal l percentage of the vaiiability in soil. All the 

values were inside the range of 6.8 to 7.0 (Fig. 7.6), which corresponds to a neutral 

soil. Not any significant va lue was found in the ANOV A for any of the variables 

Table 7.8 Polynomial regression equations to describe variations in soil pH ove,· 

time in TCS, RCS and Spmf 

7.40 

7.20 

7.00 

i 6.80 
VJ 

6.60 

6.40 

6.20 

0 

System Regression equation 
TCS (0- 15 cm) y = -3£-06 x- + 0.00 14x + 6.7685 
RCS (0- 15 cm) y = -3E-06 x 2 + 0.00 14x + 6.7228 
Spmf (0-15 cm) y = 5£-06 x- - 0.0024x + 6.9623 
TCS (15-30 cm) y = 2E-05 x- - 0.0059x + 7.0638 

RCS (15-30 cm) y = -2E-06 x- + 0.0008x + 6.8244 
Spmf (I 5-30 cm) y = 4£-06 x- - 0.00 l 3x + 6.8967 

(f) 

Soil pH at 0-15 and 15-30 cm depth 

50 100 150 .JOO 350 

Rl 

0.2356 
0.2871 
0.4405 
0.7 11 7 
0.0851 
0. 1549 

♦ TCS(0- 15 ) 

■ RCS(0- 15) 

t> Sp rnf(0- 15) 

o TCS( I5-30) 

E3 RCS ( 15-30) 

• Sp rnf ( 15-30) 

400 

Figure 7.6 Regressions of soil pH content over time in TCS, RCS & Spmf in San 

Miguel, Verncrnz. Mexico. 
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7.3.4 Correlation a na lysis resul ts 

The relationshi p w,1s perce ived as a positive co rrelation between N conccntrnlion in soil ( 15-30 cm) and S.O.M . 0/ii (0-15 cm), as well as o ther 

stro ng pos iti ve correlations were: P ( 15-30 cm) with K (0- 15 cm) and ( 15-30 cm), K (0-15 cm) with K ( 15-30 cm), C i (0-1 5 cm) with Ca ( 15-10 

cm) and S.O.M. % ( 15-30 cm) and Ca ( 15-30 cm) with S.O. M. % at both depths (Ta ble 7. 13) . 

Table 7.9. Pea r so n N, P, K, Ca, pH a nd S.O.M. '1/., Correlation in TCS, RCS and Spmf in San Miguel, Veracruz. Mex ico. 

N 0-/5 N 15-30 

N 0-15 

N 15-J0 0.38 

P 0-15 -0.41 0.46 

P 15-J0 -0.26 -0.23 

/( 0-15 -0.44 -0. 32 

/( 15-30 -0.06 -0. 12 

Ca0-15 0. 19 o.:rn 

Ca 15-J 0 0.()7 0.31 

0. /\!I. 0-15 U. 16 I 0.75**·k I 
O.M. 15-

U.33 0.03 
JO 

p/-1 0-15 0.09 -0 02 

pf-/ 15-30 0.21 0.55 

P 0-15 P 15-30 /( 0-15 

0.58 

0.53 0.83*** 

0.5 1 0.92''** 0.81''** 

-0.2 1 -0.48 -0.14 

()_()() -0.40 -0.13 

0.42 -0.28 -0.1 8 

-0.26 -0.29 -0.20 

-0.20 -0.24 -0. 14 

0. 16 -0.22 -0. l 2 

I( 15-3 0 Ca 0-15 

-0. I (1 

-0.09 0.92*'"' 

-0.05 0.63 

-0.0 I 0.75**'' 

-0.26 -0. l 4 

-0.25 -0.22 

Ca 15-

30 

l 

0.79*'"' 

0.8l**'k 

0.02 

-0. l 8 

Note: N=Nitrogen, P=Phosphorus, K=l'otassium, Ca=Calcium, O.M.=Organic matter in percentage, and pH. 

Numbers in hold represent significant correlation va lues (***p :S 0.001) 

S.O.M. 

0-15 

0.57 

0.00 

0.14 

S.O.M. p l/ 15-
p l/ 0-15 

I 5-30 JO 

0. 12 

-0.4 1 0.54 

T he results show the strong relationship between P and K and Ca respecting to O.M. % in soil. A strong relationship between N and O.M. % was 

perceived as well in the co rrelations results. 
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7.4 Discussion 

Total N , P and K concentrations were generally very low in the three systems and 

depths, as is usual for Vertisol soils in the Gulf of Mexico region (Castellanos et al. , 

2000), The increase leve ls of To tal N depth is as expected because of leaching by rain 

and the increase levels of P at the surface also was expected low, due to fixation by 

o rganic matter, and beca use of the low mobility of this element. Ca instead showed 

very high initial values which rema ined constant all over the sampling dates; this is 

clue to the karstic origin of the soil mainly. Organic matter seems to have effect for the 

rise in N and P concentrations. but as expected, remain constant at lower depths in the 

soi l, w hich are already in o ther organic forms and forming part of the mineral soil. 

The values observed for soil pl-I ranged from 6.65 to 7.0 and are considered neutral 

(Havlin et al. , 1990), probably influenced by the karstic origin of the soil and 

remained more or less constant over the year. N, P , and K values are reported within 

the nomial range for a Vertiso l in Mex ico. 

Soil Nitrogen (N) 

Soil N values were between 20 and 30 mg/kg-1 and considered as low for a Vertisol 

(Castellanos et al. , 2000). The regression model developed for the depth of 0-15 cm 

shows a s light but consta nt decreasing during the sampling period, with a loss 

between 20 and 25 % from the initia l va lues. This can be indicative of inrn1obilization 

of mineral N by factors suc h as the growth of decomposer micro-organisms and the 

action of the physica l-c hemical conditions of temperature, humidity and pH that are 

optimal for the immobiliza tion process. However, thjs was largely due to the effect of 

leaching over the N availabil ity in the superficial strata during the rain season (end of 

May to October). The mineral N is leached as N0 3 to lower soil strata thus 

contributing to the concentnnion of 1 in lower soil depths. With an increase close to 

75 % from the initial 1 concentration , ·a lues for the three systems at the 15-30 cm, is 

an important effect for soil nutrient a,·a ilability . In general , the N soil conditions in 

the TCS. RCS and Spm r arc ideal for the growth of the coffee plants. In general, the N 

so il conditions in the TCS. RC S and Spmf are idea l for the growth of coffee 

(Dominguez. 1999). 

142 



Soil phosphorus (P) 

After nitrogen , phosphorus is the second most important nutrient plant because of its 

low availabili ty which depends on the soil pH and o ther mineral compounds. lt is a 

very immobile nutrient especially in the presence of water or wa rn1 temperanires. 

higher concentrations in wam1er c limates than in cold soils. For fixation the physical 

and chemical adsorption, the anionic exchange and the superficial precipitat ion are 

important elements (Aguilar and Heil, 1988). 

P fixation can occur on Mn and Al hydroxides when pH is below seven, but above it, 

it will be as Ca phosphates. The highest P availability occurs when the pH is between 

6.0 and 6.5 bu t is only slightly less in pH from 6.5 to 7.0. 

Data for P levels in vertisols in Mexico entirely corresponds to those of this 

experiment in Sierra de A toyac, Veracruz, Mexico (Alvarez-Sanchez, 1995; A lvarez­

Sanc hez and Becerra, 1996). The values obtained for the P concentrations at soil 

depth 0-1 5 cm in the T CS and Spmf were very low initially (between 5 and 7 mg/kg" 

1
) a lthough the release curve shows an increment during the last sampling ela tes up to 

34 mg/kg· 1
, which is moderately high. For RCS at the same depth, the initia l values 

were c lose to 18 mg/kg" 1 and are considered as "moderately low" up to 48 mg/kg-
1

• 

This increase P levels in the superficial soil can be directly linked to the so lubility of 

P w hen cond itions such as soil humidity, clay textures, wam1 temperan1res and 

o rganic matter in the site are optimal (Borie and Zunino, 1983). 

C lay partic les tend to retain or fix phosphorus in soils. Consequently, fine-textured 

soils such as c lay loam so ils have a greater phosphorus fixing capac ity than sandy 

coarse-textured soils. Clays of the 1: I type (kaolinite) have a greater phosphorus 

fi xing capacity than the 2: 1 type clays (montmorillonite, lllite, vermiculi te). So ils 

fo rmed under high rainfa ll and high temperatures contain large amounts o f kaolinitic 

c lays and the refo re have a much greater fixing capacity for phosphorus than so ils 

containing the 2: 1 type clay. High temperatures and high rainfa ll also increase the 

amount of iron and aluminum ox ides in the soil which contributes greatly to the 

fixa tion of phosphorus added to these soils that may happen in the o ils sampled in San 

M iguel (Ha\' lin e r al. , 1999). 
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Soil Potassium (K) 

Potassium (K) in tropica l soils ex ists only in very low concentrations, usuallyless than 

125 mg/ki
1

, and is not a limiting e lement for plant growth. A typica l K level in some 

regions in Mexico is about 8 to 25 mg/ki1 (Castellanos et al., 2000a). 

The analysis for the 0- 15 cm depth in the TCS is considered as "very low" (65 mg/ki 
1
), whereas the Sprnf shmyed "low" rank·· concentrations (140 mg/kg. 1

). The change 

in concentration of K throughout sampling period remains constant. A similar 

situation happens with the TCS and Spmf for the depth of 15-30 cm, where the values 

are between 120 and 140 mg/kg" 1 considered as "low" and remain constant over the 

year. However for the RCS in both depths, the K concentrations were higher than the 

o ther systems and are within "medium" concentration levels of 230 mg/kg"1 at a depth 

of 0-15 cm and 200 rng/kg· 1 for depth I 5-30 (Castellanos et al, 2000), probably 

because of the litter quality of these sites. 

Soil Ca 

Ca is mainly transferred to the soil via litterfall , because of their strong link to leaf 

structure. Some factors that can affect the availability of Ca in soil are: soil pH; cation 

exchange capacity, c lay type, the relationship of Ca with other cations and water in 

the soil but usually this divalent cation moves slower than the other monovalent 

cations into the ecosystem. The TCS and RCS systems had Ca soil concentration 

va lues between 7,500 to 9,000 mg/kg" 1 and Spmf between 10,500 and 12,000 mg/kg·
1 

(Fig. 7.4), all considered as ve1y high (Etchevers et al. , 1971 ; Castellanos et al. , 2000), 

and remained constant throughout the year, indicating that it is due to the Karstic 

origin of the soil and the litterfall production. 

Soil Organic Matter (S.O.M.) 

S.O.M . comp1ises organic materials in all stages of decomposition and is composed of 

relatively stable material termed as humus, which is resistant to further rapid 

decomposition. Organic materia ls that are subject to fa irly rapid decomposition range 

from fresh crop residues to re latively stable amount of humus in soil. The primary 

microbial processes invo lved in the fresh residue and humus turnover or cycling in 

soils are mineralization and immobi lizati on. These reactions combined with other 
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fac tors such as c limate, physica l-chemical soil characteristics and the effect of 

leaching are important fo r the soil organic matter stability and the inorganic N and P 

ava ilability in soils (Etchevers et al. , 1997). T he S.O.M . content in soil can retain 

moisture, protect against extreme tempera n1res (Scl1roth and Sinc lair, 2003) and it is 

a lso the substrate for soil biota and can be a very important fac tor in the grO\vth of 

insect, bacteria and fungus colonies as well for the control of populations of plant 

pathogens in the soil, by stimulating the activity of antagonistic micro-organ isms 

(Magdoff and Weil, 2004) or in o ther case it can immobilized nutrients for long 

periods . 

T he initial high S.O.M . percentages for the three systems at 0-1 5 cm depth ranged 

around 22.33 and at the 15-30 cm depth were 17.46. Similar values have been 

recorded for Vertisols in Cuba for tropical forests and are considered as rich soils in 

S.O.M (Sanchez-Vera et al. , 2003) and can be common in tropical forests so ils. The 

percentages of S.O.M. at a depth of 0-1 5 cm in the tlu·ee systems showed a slight 

increase, but after the start of the rainy season there was a steep rise in values of about 

50 % from the initial values in Spmf and more than 100% in TCS and RCS, probably 

this is a direct effect from decomposition of leaf litter in this systems. 

The increase in S.O.M. content could be influenced by the other envirom11enta l factors 

such as the increase in the humidi ty and temperature which also affect the growth of 

colonies of micro-organisms and insects that control the processes of decomposition 

of the leaf litter (Immobilization) and their consequent incorporation to the soi l but 

that not always means a higher availability of the soil nutrients fo r the pla nts. Orga nic 

matter can also have influenced the increase in P for the tlu·ee systems in the 0- 15 

layer, as it is complexed in the superficial horizons. 

At a soil depth of 15-30 cm, the va lues were vi1t ually constant throughout the whole 

year. The highest values of S.O.M . content were recorded in the Spm f nt the two 

depths, approximately between 30% and 50 %. In the coffee systems the S.O.M . 

percentages were lower (Fig. 7.5). The regression values of R2 of 0.855 1 and 0.4445 

for Spmf and TCS and RCS respectively explain 85 % and 44% o r the S.O.M. 

variability in these systems (Table 7.1 1 ). 
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The organic matter is probably the most important fac tor for the regulation of the litter 

decomposition processes in the systems, which wil l be decomposed over time and so 

the basic cations will be leached tlu·ough the rain. The soils with a high content of 

organic matter tend to have a higher electric conductivity, higher porosity, and less 

so il compaction, all these conditions represent better conditions for growth and 

nut1ition of plants. S.O.M. is also linked to the availability of Fe, Mn, Cu and Zn. It is 

a source of humic and ful vic acids which take part in the physical-chemical soil 

processes as well in the physiology of the plants. A lso the Karstic origin of the soil 

influences the possible P fixation as calcium phosphates (Jordan, 1985). 

7 .5 Conclusions 

The Vertisols ana lysed in the municipality of San Miguel Veracruz, did not differ 

much from other soil studies in M exico and Cuba (Sanchez-Vera et al. , 2003). Soil 

organic matter (S.O.M.) is one of the most important components for the re-cycling of 

nutrients and sustainability of tropical forests, agro-ecosystems and disturbed 

ecosystems, providing additional recycling and exchange sites for cations, nutrient 

availabili ty and maintenance, sequestration of C and erosion prevention, thereby 

decreasing leaching potential. N is bound in the S.O.M. and it is released in synchrony 

with the plant demands than it would be as nitrates or ammonia, which are the 

common fo rms of inorganic nitrogen m mineral soil (Brady and Weil, 2002) 

Neverthe less in the soils analyzed seems that the strong effect produced by the rain 

leaching on the soil nutrients as N and Ca have a strong effect in the pH and N 

availabi lity of these systems. S.O.M. can make the soil less susceptible to erosion and 

is the source of energy for micro-organisms whose activities render the soil m ore 

permeable to roots (Jordan 1II, 1988). 

N, P and K showed in general very low to medium concentrations at the three system s 

and depths, as is usual fo r Vertisolic soils in the Gulf of M exico region (Castellanos et 

al. , 2000; Chavez et al.. 2003 ), The inc rease in N concentration with depth as a 

consequence of leaching by the rain and the retention of P in the superficial soil layers 

was also expected due to the d irect relationship with S.O.M. and organic matter 

production. Ca showed \·ery high ini tial va lues which remained constant tlu·oughout 
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the sampling period. This is due to the karstic origi n of the soil and probably to the 

litter production in the systems. 

The pH was expected to be more bas ic because of the high quantity of cations as Ca 

and Mg present in the karstic soil o rigin. but probably because a high effect of 

leaching (through the rain season) and high organic matter production it tended to be 

lower or around 7.0. The neutral so il pH contributes to the mobility and 

mineralization of the nutrients on the systems as well a probable reduction of the toxic 

elements, Al and Mg. In general the so il seems to provide optimal conditions for 

growth of plants and trees in the system s. 
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8 Discussion 

8.1 Aim of thesis 

The broad aim of this thesis was to investigate factors that control the rate of 

decomposi tion of leaf litter in agroecosystems with different forest canopy species 

composition and variable rates of litter production. In traditional (TCS), mstic coffee 

systems (RCS) and disturbed native forest (Spmf). l studied the tree canopy species 

composition and measured input mass loss and "k'. values (Chapter 4), and the litter 

qualities and decomposition rates (Chapters 5 and 6) and soil chemistry over a period 

of (Chapter 7) during seven sampling elates over 352 days. In addition, to gain a 

better understanding of the fundamental processes of decomposition, I studied how 

the rate and pattern of loss of mass from leaf litter is affected by its initial chemical 

composition (Chapter 7) and asked the question; is decomposition mainly driven by 

litter quality, soil chemistry or climate features. 

8.2 Summary of experiments 

A total of 82 tree canopy species were recorded and of these the Fabaceae was the 

most representative botanical family (1 3 species), 15 species in the TCS, 62 in RCS 

and 66 in Spmf. Canopy species richness in forest plots was similar to the RCS, but of 

different species composition and different dominant species. Litter diversity can 

affect amongst other things, plant establislm1ent, growth and community development 

(Gartner and Cardon, 2004 ; Hattenschwiler and Gasser, 2005). 

For this study l choose to investigate the effect of different mixes of litter representing 

the general vegetati on of the zone which included a representative species of the zone 

(Robi11so11ella 111ira11dae), plus coffee; a representative species for each of the systems 

(Mastic/1ode11dro11 capiri, Piper hispidum and Croton ojficinalis), and finall y a 

mixture of the species of each system and the coffee (Chapter 5). 

Results showed that litter ra tes of decomposition and nutrient cycling are correlc1tecl 

with the chemica l properties of the litter. This incl udes N concentration, C: 1 and 

lignin:N ratios. Tree species growing in nutrient-poor environm ents tend to produce 
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low quality litter with a slower decomposition process than those in a rich 

environment where the trees will produce a better quality litter (Carreiro et al. , 1999, 

2000). 

The litter produced in the plots studied was mainly considered to be of medium 

quality, but three of the mixes were reported as high quality (Robinsonella 

mirandae/ Co.ffea arabica in RCS, tvlastic/1odendro11 capirii and Piper hispid11111) and 

one as poor quality (Croton o.fficianlis). 

Litter quality had a large effect on the rate of loss of mass from litterbags. Of the four 

mixes compared, the litter tested in RCS had a faster decomposition rates than the rest 

of the leaf litter. During the experiment the litter mixes decomposed in the fo llowing 

order: Piper hispid11m (RCS) > Mix litter (RCS) > Robinsonella mirandae/Coffea 

arabica (RCS) > Robinsonella mirandae (all systems) > Robinsonella 

mirandae/Co.ffea arabica (TCS and Spmf) > Mix litter (TCS, Spmf) > 

Mastichodendron capirii > Croton o.fficinalis and Piper hispid11111 which showed the 

biggest loss of mass at the encl of the expe1iment (0. 7 % of mass remaining and 

highest k values 5.19), during the 352 d incubation (Table 7.1 ). 

The initial content of soluble compounds of N and P in the litters best predicted their 

rates of decomposition, which is consistent with results from other studies (Goh and 

Totua 2004; Loranger et al. , 2002; Nyberg et al. , 2002) but stil l does not explain the 

magnjtucle of the differences between the species. The Lignin:N and C:N ratios were 

the parameters which best explained the va1iability in the litter tested and were used in 

regressions against "k'" values of the litter. C:N and L ignin:N ratios were constant 

acr?ss all experiments although it may have varied unpredictably between the coffee 

systems and Spmf during the decomposition process (Blair et al. , I 990; Didham, 

1998) because of soil nutrient mobilization and varying plant species composition 

(Rankin-de-Merona et al. , 1992). 

I investiga ted whether the rates of decomposition of leaf liuer in coffee systems (T CS 

and RCS) were greater than those of the native fo rest (Spmf). In th is case. the k va lues 

were similar in the Forest and the TCS, but \·ariecl in the RCS. mostly for the litter 

mixtures and the representative species Piper hispic/11111 (RCS) which registered the 
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highest k va lues fo r all the litters. Most studies of decomposition indicate that high 

quality litter i11 mixtures can have an important effect on decomposition rates and 

probably influences the rest of the litter in the system. 
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Table 8. 1 Sumnuuy of main treatment effects. Characteristics and effects of litter quality (Lignin: N and C:N ratios) on the initial (0 to 

176 d), later ( 176 to 352 d) and overall (0 to 352 d) loss of mass and "k" rates values, from litterbags in TCS, RCS and Spmf 

Litterbag mixes Treatment Litter Mass remaining (days) "k" values Parameter Overall 
quali ty 0-176 176-352 (days) Rz 0 to 352 cl 

0-176176-
352 

Nohi11so11ella TCS Medium 31.3 % 17.0% -2.40 - 1.85 N 83.3 All I itterbags registered s imi lar patterns in 

111irandoe increased mass loss during the firs t phase of 
RCS Medium 33.3 %, 14.0% -2.25 -2.03 N 66.3 decomposition and .. k .. val ues (0-1 76 d.) and 

values decreased during the second stage ( 176-
Spmf Medium 33.3 % 14.0'% -2 .28 -2.03 Cel 80.3 352 cl). The highest values for .. k .. at the 22"'1 cl, 

N ohi 11sonel la TCS Medium 46.7 '¾, 43.3 %, -2.08 -1 .09 p 82 .3 which subsequently decreased as did mass loss. 

llli/'/IIICludCoffea 
amhica RCS High 43.3 '1/., 12.7 % -1.73 -2.14 N 72.9 The highest mass loss was recorded fo r Pi/H!r 

hispidum and Robinsonella mirandae but Lor a ll 

Spm f" Medium 38 .7 % 33.3 % -1.97 - 1.14 N 88.8 the litter tested in RCS an important decrease in 

Mix liller TCS Medium 43 .3 % 34.7 % - 1.73 -1.09 p 74.3 mass remaining was observed. 
Croton vfficinalis showed the smalles t .. k .. va lue 

RCS Medium 48 .7 % 8.0% -1.49 -2.62 Cel 72.2 and h ighest mass remai ning during the fi rst part of 
the decomposition process and a slow 

Spm f Medium 52.0% 39.3 % - l.36 -0.97 Ca 52.9 decomposition after 176 d of experiment. 

Representa ti ve Mastichodendron High 46.7 % 44.7% -1.58 -0.83 N/Cel 58.8 
species per capirii The chemical parameters that best explained the 

System High 44.0 % 0 .7% -1.70 -5 .19 Cel/Lig 72.6 variability in decomposition over time, apart from 
. Piper hispidum lignin: N and C:N were: N , P and cellulose for 

Low 50.7 % 30.7 % -1.41 -0.33 Lignin 90.4 litter of high and medium quality and lignin for 

Croton officinalis the low quality litter (Croton officinalis). 
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8.3 Final conclusions, key conti·ibutions, recommendations and areas for ftu-the,· 

studies 

In conc lus ion, six key findings of this thesis were: 

l) Changes in the structure and species composition in the tree canopy led to 

changes in litter production in coffee system s. These changes affected the 

litter standing crop as well the quality of the leaf litter deposited on the 

coffee plantation floor, specifically in the rustic coffee systems (RCS) 

2) Litter quality parameters are a fundamental tool to detennining the rates of 

leaf litter decomposition in agro-ecosystems. The parameter that best 

explained the variability of overall decomposition was lignin:N ratio, but 

initial N, P and hemicelluloses can explain a good proportion of variability 

of the decomposition process as well. 

3) Differences in quality of the litter mixes studied were found to detennine 

rates of decomposition and recycling of leaf litter, probably affecting the 

decomposition of mixed floor litter. Initial litter content of N, P , K, Ca, 

corre lated positively with k values of tree leaf litter dming the first part of 

the decomposition process and cellulose, hemicelluloses and lignin 

negatively with the second part of the process from 176 to 352 cl., C:N and 

lignin:N ratios showed an initial increase related to rates of decompos ition 

but then slowed down during the second stage of decomposition. 

4) Soil nut1ient dynamics did not have any impo1tant effect on the 

decomposition rates of litter but a positive correlation between litter N , P 

and S.O.M. show the impo1tance of the litter in nutrient contribution to the 

soil. 

5) T he differences between the initia l (0-176 d) and later stages of 

decomposition (1 76-352 d) support the hypothesis of the ex istence of two 

different phases of the decomposition process, probably influenced by 
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climate (d1y and wet seasons); the quality of litter; and the soil 

decomposing micro-organisms. 

6) Nutrients were more rapidly re leased from litterfa ll of higher quality and 

could also stimulate the "decay" of the rest of the litter present. 

Alternatively, the decomposition of litter could be restricted by the 

liberation of inhibiting compounds such as phenols and tannins 

(Salamanca et al., 1998) 

It is recorrunended that further studies of micro-organism diversity, succession and the 

role that they play in tropical ecosystems be studied, as well as other agroforestry 

systems with some complementarily in the composition of tree canopies to forests, in 

order to better understand the processes of decomposition and how they are affected 

by disturbance. 
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ANNEXES 

Annex 1 :Localization of experimental plots. San Miguel, Veracruz. Mexico. 

Plot 1: TCS Subplot: I : Plot 1: TCS Subplot: 2 Plot l : TCS Subplot: 3 

N: 18°56.339 ' N : 18°56.337' N : 18°56.332' 

W: 096°50.51 1' W: 096°50.520 ' W: 096°50.51 9' 

h: 756 m. h: 759 m. h: 751 m. 

Plot 2: TCS Subplot: l Plot 2: TCS Subplot: 2 Plot 2: TCS Subplot:3 

N: 18°56.014 ' N: 18°56.323 ' N: 18°56.326 ' 

W: 096°50.540 ' W: 096°50.541 ' W: 096"50.558' 

h: 728 m. h: 724 m. h: 711111. 

P lot 3: TCS Subplot: 1 Plot 3: TCS Subplot: 2 Plot 3: TCS Subplot: 3 

N: 18°56.319' N: 18°56.341' N: 18°56.344 ' 

W: 096°50.557' W: 096°50.560 ' W: 096°50.560 ' 

h: 709111. h: 728 111. h: 743 m. 

Plot 1: RCS Subplot: 1 Plot 1: RCS Subplot: 2 Plot 1: RCS Subplot: 3 

N: 18°56.347' N: 18°56.300 ' N: 18°56.297' 

W: 096°50.563 ' W: 096°50.477 ' W: 096°50.482' 

h: 744 m. h: 769 m. h: 78 1 m. 

P lot 2: RCS Subplot: 1 Plot 2: RCS Subplot: 2 Plot 2: RCS Subplot: 3 

N: 18°56.288' N: 18°56.287' N: 18°56.280 ' 

W: 096°50.469 ' W: 096°50.463 ' w: 096°50.462' 

h: 785 m. h: 789 m. h: 792 111. 

P lot 3: RCS Subplot: 1 Plot 3: RCS Subplot: 2 Plot 3: RCS Subplot: 3 

N: I 8°56.282' N : 18°56.288 ' N: 18°56.297' 

W: 096°50.459 ' W: 096°50.455' W: 096°50.464 ' 

h: 795 m. h: 758 m. h: 780 m. 

Plot 1: Spmf Subplot: 1 Plot 1: Spmf Subplot: 2 P lot 1: Spmf Subplot: 3 

N: 18°56.275 ' N: 18°56.274 ' N: 18°56.272' 

W: 096°50.449 ' W: 096°50.432 ' W: 096°50.430' 

h: 808 m. h: 808 m. h:815111. 

Plot 2: Sprnf Subplot: 1 P lot 2: Spmf Subplot: 2 P lot 2: Spmf Subplot: 3 

N: 18°56.266 ' N: 18°56.269' N: 18°56.267 ' 



W : 096°50.428' W: 096°50.436 ' W: 096°50.447' 

h: 819 rn. h: 814111. h: 802 111. 

Plot 3: Spmf Subp lot: I Plot 3: Spmf Subplot: 2 Plot 3: Spmf Subplo t: 3 

N: 18°56.277' N : 18°56.272' N: 18°56.278' 

W: 096°52.444 ' W: 096°51.439 ' W: 096°5 1.433 ' 

h: 819 111. h: 814 111. h: 832 111. 

Table 6.1 Results of Two-way ANOV A on variations in the N content of leaf 

litter samples with respect to time and system 

Source of variance Degrees of Sums of Mean F p 

Freedom Squares Square 

W ithin Samples 2 0.0383 0.0191 2.02 0. 136'\S 

Between litter/Systems I I 0.3003 0.0273 2.88 0.002** 
Between T imes 6 l .2056 0.2009 21. I 7 0.000*** 

Time* System interaction 66 2.0872 0.03 16 3.33 0.000*** 

Error 166 1.5758 0.0094 
Total 25 1 
Levene ' s test for homogeneity 0.684'\S 

of variance 

Table 6.2 Results of Two-way ANOV A on variations in the P content of leaf litter 

samples with respect to time and system 

Source of variance Degrees of Sums of Mean F p 

Freedom Squares Sauare 
Within Samples 2 0.0007 0.0035 1.78 0. I 72ns 

Between Systems 11 0.0075 0.0006 3.52 0.000*** 

Between Times 6 0.0347 0.0057 29.66 0.000*** 

Time* System interaction 66 0.0407 0.0006 3.1 6 0.000*** 

Error 166 0.0324 0.0002 

Total 25 1 

Levene's test for homogeneity 0.903 '" 

of variance 

Table 6.3 Results of Two-way ANOV A on variations in the K content of leaf 

litter samples with respect to time and system 

Source of variance Degrees of Sums of Mean F p 

Freedom Squares Square 

Within Samples 2 0.0005 0.0027 0.05 0.948ns 

Between Systems 11 0.3243 0.0295 5.8 1 0.000*** 

Between Times 6 1.9702 0.3285 64.69 0.000*** 

T ime * System interaction 66 1.272 1 0.0193 3.80 0.000*** 

Error 166 0.8429 0.0050 



Total 251 
Levene· s test for 0.456'15 

homogeneity of variance 

Table 6.4 Results of Two-way ANOV A on variations in the Ca content of leaf 

litte1· samples with respect to time and litter type/system 

Source of variance Degrees of Sums of Mean F p 

Freedom Squares Sauare 
Within Samples 2 0.0780 0.0390 2.29 0.104ns 

Between Svstems 11 0.9525 0.0866 5.09 0.000*** 
Between Times 6 6.8 I 61 1.03 10 60.58 0.000*** 
Time* Svstem interaction 66 5.5234 0.0837 4.92 0.000*** 

Error 166 2.8254 0.0170 
Total 251 
Levene's test for homogeneity 0.995'" 
of variance 

Table 6.5 Results of Two-way ANOV A on variations in the lignin content of leaf 

litter samples with respect to time and system 

Source of Degrees of Sums of Mean F p 

variance Freedom Squares Square 
Within Samples 2 0.0008 0.0004 2.47 0.088'" 

Between Systems 11 0.0169 0.0015 8.86 0.000*** 

Between Times 6 0.0144 0.0024 13.81 0.000*** 

Time * System interaction 66 0.0299 0.0004 2.6 1 0.000*** 

Error 165 0.0287 0.0002 

Total 250 
Levene's test for 0.228'" 

homogeneity of variance 

Table 6.6 Results of Two-way AN OVA on variations in the cellulose content of 

leaf litter samples with respect to time and litter/system 

Source of variance Degrees of Sums of Mean F p 

Freedom Squares Square 

Within Sarnoles 2 0.0001 0.00006 1.73 0. ] 8 \ ns 

Between Systems 11 0.0039 0.0004 9.68 0.000**':' 

Between Times 6 0.01 79 0.0029 80.33 0.000*** 

Time * System interaction 66 0.0081 0.0001 3.33 0.000**':' 

Error 166 0.0061 0.00004 

Total 25 1 
Levene· s test for 0.127'15 

homogeneity of variance 



Table 6. 7 Results of Two-way ANOY A on variations in the hemicellulose content 

of leaf litter samples with respect to time and system 

Source of Degrees of Sums of Mean F p 

variance Freedom Squares Square 
Within Samples 2 0.00004 0.00002 0.38 0.686'" 

Between Svstems 1 1 0.0044 0.0004 7.59 0.000*** 
Between Times 6 0.0144 0.0024 45.59 0.000*** 

Time * System interaction 66 0.0058 0.00008 1.70 0.004** 
Error 166 0.0087 0.00005 
Total 25 1 
Levene's test for 0.872'" 
homogeneity of vaiiance 

Table 7.1 ANOVA test for soil N and Pat 0-15 and 15-30 cm depth 

N 0-15 N I 5-30 P 0-1 5 P 15-30 
( R2=0. I 938) ( R2=0.76 11) (R2=0.9362) (R2=0. 7357) 

Source of variation d.f. m.s. m.s. m.s. m.s. 

Systems 2 77.89 53.77 1205.3*** 1162.67*** 

Sampling dates 6 228.74*** 581.69*** 1053.7*** 70.04 

Residual 52 50.34 4 1.86 154.6 67.12 

Total 62 67.40 93.66 309.3 119.73 

Note: *** indicates significative difference (p :S 0.001) 

Table 7.2 AN OVA test for soil Ca and K at 0-15 and 15-30 cm depth 

K 0-15 K 15-30 Ca 0-1 5 Ca 15-30 
(R2=0.7662) (R2=0 0534) (R2=0. I 87) (R2=0.187) 

Source of variation d. f. m.s. m.s. m.s. m.s. 

Systems 2 78483831 . *** 587 12863. *** 1077088. 1382834.*** 

Sampling dates 6 3579866 1. I 7822758. *** 137447. 62404. 

Residual 52 9347709. 3858614. 196461. 115789. 

Total 62 14213924. 7480121. 287310. 2 12980. 

Note: *** indicates significative difference (p :S 0.001) 

Table 7.3 ANOVA test for soil pH and S.O.M. % at 0-15 and 15-30 cm depth 

pH 0-15 pH 15-30 0.M. 0- 15 O.M. 15-30 
(R2=0.0167) ( R 2=0.5029) ( R2=0.855 I) (R2=0.4445) 

Source of variation d. f. Ill.$. Ill. S. m.s. m.s. 

Systems 2 0 01848 0.00937 1072.5*** 959. 15*** 

Sampling dates 6 0.03724 0.10715 532.1 *** 86.77 

Residual 52 0.08103 0.08769 100.6 56.67 

Total 62 0.0889.5 0.096.55 173. 1 93.43 

Note:*** indicates significative difference (p :S 0.00 1 ). 




