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FOREWARD 

From 1982 to 1985 I served in the Peace Corps as 

forestry project manager for CARE-Ecuador's village level 

forestry project in Saraguro, Loja, Ecuador. At that time 

villagers wanted help planting alder for fuelwood but we 

lacked alder propagation and management information. 

Interest in alder management for fuelwood, soil 

conservation, windbreaks, silvopastoral management, and 

nitrogen fixation has grown considerably since then. To 

provide a guide for managing alder in Saraguro, this study 

combines my records and village-level forestry experience 

with information gathered from literature, interviews, and 

observations conducted in Ecuador and Costa Rica. The 

field work was carried out from June 15 to August 15, 1986 

during my time as a graduate student at the University of 

Arizona. The research project was funded by the Office of 

International Programs, the Graduate College, and the 

Department of Agricultural Economics of The University of 

Arizona and by CARE-Ecuador. 
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ABSTRACT 

Information on alder (Alnus jorullensis) silvics and 

dendrology, propagation, and management were synthesized 

into four alternatives for fuelwood management in Saraguro, 

Loja, Ecuador. Stem volume was estimated from diameter and 

height measurements taken in 16 stands of known age in 

Ecuador using an empirical equation developed in Costa 

Rica. An empirical eguation describing the relationship 

between stem volume and tree age for alder in Ecuador was 

then developed. Measurements of 5 fuelwood units from 

Saraguro were used to determine the market price for a 

cubic meter of fuelwood. Four management regimes using a 

20 year rotation were then examined at four discount rates. 

Using a 15% real rate of interest, thinning at 10 years 

yielded a present net value of 891,059 sucres and a 

benefit-cost ratio of 1.31. The analysis was more 

sensitive to changes in fuelwood price than to changes in 

wage rate. 



CHAPTER 1 

INTRODUCTION 

Definition Of Problem 
2 

Ecuador is a small (284,000 km ) mountainous country 

on the northwest coast of South America, bordered by 

Columbia to the north, and Peru to the southeast (Agency 

For International Development (AID) 1979) . The mean yearly 

per capita income of Ecuador's poor rural population (60% 

of the total) was $221 in 1974 (AID 1979) . Rapid population 

growth has increased pressure on the environment resulting 

in deforestation, erosion, and soil depletion. The lack of 

vegetative cover on watershed areas results in the loss of 

fertility on agricultural lands and sedimentation of 

irrigation canals and potable water systems. Erosion 

worsens in the highlands as farmers using poor tillage 

practices cultivate loose soils on steep slopes (AID 

1979). Deforestation is increasing as better roads improve 

access to remnant forests. 

The management plan presented in this paper is based 

on conditions found in the Canton of Saraguro, located in 

the Province of Loja, between the cities of Loja and Cuenca 

in the southern Ecuadorian Andes. Between Loja and Cuenca, 

75% of the land has been abandoned due to severe erosion 
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(Posner 1982). inequitable land distribution, population 

pressure, and mountainous topography over 45% of the 

Province forces farmers to work small plots of marginal 

land (jarrin et al. 1983). These farmers clear remnant 

forests for agriculture, livestock production, fuelwood, 

and other wood products. Many Saragurans walk days into 

the eastern jungle in search of better pasture for their 

livestock. 

In 1984 CARE International, the Ecuadorian Ministry 

of Agriculture (MAG), the provincial Council of Loja, and 

the Peace Corps started a pilot forestry project in 

Saraguro, Loja, Ecuador, "to promote improved land use 

practices on the highlands of Ecuador by providing 

research, training, and inputs for forest plantations and 

sylvopastoral systems" (Jarrin et al. 1983). The project 

aims to "develop low-cost, appropriate approaches to 

incorporating the planting of fuelwood, timber, and food 

tree species into traditional agricultural systems of the 

sierran small-holder farmers" (Jarrin et al. 1983). Much 

of the information used to develope this research was based 

on the Saraguro Community Forestry project. The research 

presented here was preformed to assist CARE-Ecuador and the 

Ecuadorian Ministry of Agriculture in their forestry 

efforts in Saraguro and other similar sites. 



Trees integrated into traditional farming systems 

must: produce fuelwood which burns wellr improve pasture 

and agricultural production, reduce erosion, and improve 

soil structure and fertility. To reduce transport costs 

the trees should be planted close to farmers houses. A 

fuelwood management plan would improve the farmers ability 

to optimize the benefits of planting trees and to sustain 

these benefits through time. 

Many pine and eucalyptus seedlings have been 

planted, but few management plans developed. Eucalyptus, 

Eucalyptus globulus, grows quickly but does not improve the 

soil. The species has lanceolate shaped leaves which 

concentrate raindrops into large drops intensifying splash 

erosion. Eucalyptus also inhibits the growth of pasture 

grass and agricultural crops. 

Plantations of patula pine, Pinus patula, and 

radiata pine, P. radiata, in Loja suffer from infections of 

dothistroma needle blight, Dothistroma pini Hulbary, which 

causes poor growth and bad form. The pine wood burns poorly 

and is rarely used for fuelwood in Saraguro. 

The alder known locally as "aliso", Alnus 

jorullensis {syn. A. acuminata), is native to the 

Ecuadorian sierra. This nitrogen-fixing tree grows quickly 

and improves soil structure and fertility. Saraguran 

farmers use the wood for fuel, construction, live fencing, 



and many secondary wood products. Foresters have little 

information on the growth rates, propagation methods, or 

silvicultural characteristics of alder in Ecuador, making 

it difficult to grow and manage. 

Objectives 

The research presented here developed a fuelwood 

management plan and cost-benefit analysis for planting 

alder in row plantations and small woodlots in Saraguro, 

Loja, Ecuador. Specific objectives of this research were: 

1. Provide foresters, farmers, and policy makers 

with information on alder management. 

2. Provide foresters, farmers, and policy makers 

with a formula and growth curve to predict 

the volume per tree for alder at given ages^ 

3. Estimate fuelwood demand and market price per 

fuelwood unit in Saraguro. 

4. Suggest a fuelwood management plan for alder for 

Saraguran farmers based on a cost-benefit 

analysis. 

Approach 

To meet these objectives, the available literature 

on the biology, distribution, propagation, and stand 

management of alder was synthesized from Ecuador, Costa 

Rica, Columbia, and Peru. Available growth and yield data 

for alder comes from countries with different site 



conditions than Saraguro. To predict the volume of alder 

grown in Saraguro, 16 alder stands of known age were 

located in the Ecuadorian Andes to measure growth rates. 

This data was used to construct a regression equation to 

predict tree volume. 

It is assumed a farmer will manage alder for 

fuelwood if he finds it profitable. The profitability of 

four farm level management alternatives were examined using 

a cost-benefit analysis. The value of alder wood is based 

on the value of a cubic meter of fuelwood sold in Saraguro. 

A sensitivity analysis of wage rate, fuelwood price, and 

project subsidies tests the effects of changes in market 

prices. Present trends in fuelwood demand and social 

externalities are examined and the subsidy bill estimated 

for implementing the plan in Saraguro. A management plan 

for Saraguran farmers is suggested based on the benefit-

cost analysis. Information on the silvics and dendrology, 

propagation and nursery management, and plantation 

management is presented in chapters 2, 3, and 4. The 

volume prediction equation is developed in chapter 5. This 

background is then used to develop the management 

alternatives in chapter 6. The fuelwood consumption and 

demand calculated in chapter 7. All of the above is then 



used to develope the cost-benefit analysis for managing 

alder presented in chapter 8. 

Project Area 

In 1982, 80% of the population in Canton Saraguro 

were members of the Saraguran indigenous group (Jarrin et 

al. 1983). The major sources of income for these 

subsistence level farmers are shifting agriculture, 

livestock production, and weaving. Traditionally, farmers 

practiced shifting agriculture by farming a plot of land 

until production declined, then they moved to a new area. 

In recent years the population increase has forced farmers 

to stay on plots of land longer. The lack of farmland now 

causes continuous cropping on many farms without fallow 

periods. The average farmer raises a variety of livestock 

in small numbers (Table 1). Natural pastures make up the 

largest single land use category in Loja. Shrub and 

brushland, and shifting agriculture are the second and 

third greatest land uses (Table 2). Improved pasture, or 

managed pasture, makes up only 3.1% of the land in the 

provence of Loja, even though livestock production is the 

main source of cash income for many rural farmers (Table 

2). Farmers devote their best land to crops and use less 

productive land for pasture. Most agricultural products 

are consumed at home. The sale of cheese and livestock 

provides cash income. To increase their cash 



Table 1: Livestock type and number for Saraguro, Loja, 
Ecuador as reported by Finermann (1985) . 

Average number 
Livestock per household 

guinea pigs 14 
cattle 6 
poultry 5 
sheep 4 
pigs 1 
horses 0.5 
rabbits 0.5 

Table 2: Land use in the provence of Loja as 
reported by jarrin et al. (1983). 

Land use Hectares % 

shifting cultivation 68,800 13.9 
permanent cultivation 7,000 1.4 
improved pasture 15,600 3.1 
natural pasture 173,000 35.1 
fallow land 15,200 3.1 
forest 20,000 14.2 
shrub and brushland 144,300 29.2 

494,600 100.0 



income, the men often migrate to eastern provinces in 

search of better pasture while the women and children 

remain at home to tend the fields (Mosher 1986) . 

The primary crops are maize, beans, and broadbeans. Peas, 

potatoes, and wheat are cultivated as secondary crops. 

Animal traction and hoes are used for tilling. 

The planting season for maize is October to November. Peas 

and potatoes are planted, from March to May (Mosher 1986). 

Saraguro had a population of 25,653 in 1982 

(Instituto National de Esdadisticas y Censos (INCE) 1982). 

Of 5,552 total occupied houses, 90% used fuelwood or 

charcoal for cooking and heating (INCE 1982). 

Each Saraguran community elects its own town 

council. The council meets weekly with community members 

to plan communal work sessions, called "mingas," to serve 

the community (e.g. reforestation or road building), or an 

individual (e.g. house raising). These meetings are a 

forum for community input and could provide an opportunity 

for planning fuelwood management projects. Forestry 

extension agents attend these meetings regularly (Dunn 

1985). 

The elevation in Saraguro varies between 2,400 and 

3,200 m although some peaks reach 3,900 m (Jarrin et al. 

1983) . Mean annual precipitation ranges from 750 mm in the 

valleys (Cuenca 1984) to 1063 mm in the mountains 



(Luzuriaga 1982) . The rainy season occurs from December to 

April with the heaviest rains falling in March (Mosher 
o 

1986). Mean annual temperatures range from 12.9 C at 
o 

Saraguro to 10.7 C in the mountains (Luzuriaga 1982). 

The acidic (pH 4.8 to 5.5), highland soils are 

formed over volcanic parent material (Luzuriaga 1982, Dunn 

1985) . These shallow soils of clay to clay loam texture 

have abundant organic material in the surface horizon but 

are deficient in macro nutrients (Luzuriaga 1982, Dunn 

1985) . Felker and Bandurski (1979) and Luzuriaga (1982) 

classified these soils as Oxisols and Ultisols. These 

young soils are often made up of ash, pumice, and other 

loose materials which erode easily (AID 1979). Surface 

horizon infiltration is good but the B horizon is often 

relatively impermeable (Posner 1982). In agricultural 

valleys, the soils are less acidic and have a higher clay 

content. 

As the population increases, farmers migrate to 

other areas, shorten fallow periods, and farm smaller land 

parcels with increased labor, fertilizer, and pesticide 

inputs. New land is rarely available (Nations 1985) . 

Ecuadorian sierra farmers must then farm marginal lands 

which have poor, thin soils (Nations 1985) . Shortening 

fallow cycles increases soil erosion and downstream 

sedimentation. Soils are also exposed for more time. 



increasing their susceptibility to erosion. 

In the early 1980's, 90% of Ecuador's farmers owned 

less than 10 hectares and 62% owned less than 5 hectares 

(Nations 1985). Income distribution was more inequitable 

in the late 1970's than in the 1950's or early 1960's 

(Nations 1985). A lack of soil conservation practices, the 

shortage of investment capital, and small sized land 

holdings place Ecuadorian farmers among the poorest in 

South America (Nations 1985). 



CHAPTER 2 

SILVICS AND DENDROLOGY 

Species Description 

Alder is a native of the mountains of Central 

America and South America from Mexico to Argentina in 
o o 

latitudes from 18 nprth to 28 south (National Academy of 

Sciences (NAS) 1980) . It is cultivated extensively along 

in the mountains of Costa Rica, Columbia, Bolivia, Peru, 

Ecuador, Venezuela, Argentina, and Guatemala (Mozo Morran 

1972, NAS 1980, Webb et al. 1984). This deciduous tree has 

light grey to silvery smooth bark and simple, alternate, 

serrate, prominently and penninerved leaves. Alder is a 

monecious tree with pendulous fruits (cones) and small 

winged seeds which are easily dispersed by wind (Holdridge 

1951, Daza 1971, NAS 1980) . Male and female flowers are 

born in pendulous catkins. The cones are lignified and 

persist after shedding their seeds. Each cone usually 

contains 50 to 60 seeds (Daza 1971), but may contain 50 to 

100 seeds (Rojas et al. 1978). Camacho (n.d.) reports 

6,000 to 10,000 cones per tree. Seed weight varies from 

1,000,000 to 4,400,000 seeds/kg (Table 3) and seed weight 

increases as elevation increases (Table 4). 
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Table 3: Seed weight for alder (ft. jorullensis) 
as reported by various authors. 

Seeds/Kg. 

1,000,000 
1,347,818 - 4,347,800 

2,500,000 
2,777,777 

650,000 -^4,400,000 

Source 

Rosero n.d. 
Flinta 1960 
Velez 1971 
Ruiz 1985 
Webb et al.1984 and 
Mozo Morran 1972 

Table 4: Seed weight for alder from different 
elevations (Hueck and Lamprecht 1959) . 

Elevation (m) Weight of 500 
seeds (mg.) 

1690 
1950 
2350 
2370 
2450 
3000 
3350 

112.5 
132.5 
180.0 
180.0 
172.5 
192.5 
218.0 



Ing. Cardenes at the Centro de Investigacion 

Forestal of the Ministry of Agriculture in Conocoto, 

Ecuador, calculated 1,700,000 seeds/kg from seeds 

collected in Las Carmelos, Rio Molacos, Napo. Seeds mature 

in February and March in the Sierra and in June and July in 

the Amazon side of the Andes. 

Alder is resistant to disease and insect attack 

(Gonzalez 1979) . in Columbia, however, the moth Halisidota 

texta H.S. (Lepidoptera: Arctiidae) defoliates isolated 

trees, especially in November and December (Rojas et al. 

1978) . When alder is grown in soils high in organic 

matter, the leaves are susceptible to fungal and insect 

attack. Two beetles, Faula brunneipennis Bates 

(Coleoptera: Scarabaeidae) and Nodonota irazuensis Jac. 

(Coleoptera: Chrysomelidae), often eat the leaf material 

between the veines (Ruiz 1985) . This damage is not serious 

and the trees recover rapidly. 

Alder wood is of pale brown to superficially bronze 

color with a low luster (Rosero n.d.). The color of the 

wood gradually becomes clearer as it dries (Gonzalez 1979) . 

When dry, it has no taste or color (Rosero n.d.). The 

medium to fine textured wood can be worked wet or dry , and 

does not warp, twist, or spiral (Villarroel 1986, Rosero 

n.d.). 



Farmers interviewed in Saraguro found alder easier 

to cut than Eucalyptus, but Eucalyptus burned better when 

green. They said alder needed to dry for 2 to 3 days 

before burning. 

The specific gravity of alder varies from 0.36 to 

0.6 gr/cc (Table 5). At 20 to 25 years alder produces 

4,600 Kcal/Kg when burned with a composition of 86.4% 

volitiles, 0.34% ash, and 13.26% fixed carbon (Camacho and 

Murillo 1986, Gamboa et al. n.d.). The specific gravity 

and calorific values of alder are relatively high for a 

fast growing tree, making it a good fuelwood management 

species. 

Site Requirements 

Alder grows over a wide range of precipitation, 

temperature, and elevation (Tables 6, 7, and 8). Saraguro 

is within this climatic range, although the annual 

precipitation (750 mm to 1063 mm) is somewhat low for 

alder. Alder is a pioneer species that does not compete 

well with weeds (Centro Agronomico Tropical de 

Investigacion y Ensenanza (CATIE) 1986) . It requires good 

drainage and prefers acidic loams or loamy sands of 

alluvial origin (NAS 1980, Poschen 1980b, Webb et al. 

1984). The tree grows well along rivers and irrigation 

canals, in eroded pastures, on landslide slopes, in road 

cuts and fills, and on talus slopes on poor, rocky soils 



Table 5: Specific gravity for alder. 

Specific gravity Source 
gr/cc 

0.36 • Gonzalez 1979 
0.338 Rojas et al.1978 
0.4 Brenes 1985 
0.45 - 0.6 Rosero n.d. 
0.50 - 0.6 NAS 1980 

Table 6: Precipitation range for alder as reported by 
various authors. 

Annual 
Source 

Gonzalez 1979 

Daza 1971 

Brenes 1985 

Ruiz 1985 
CATIE 1986 

precipitation Comments 
(mm) 

1.500 - 3,000 supports long dry 
season 

2,600 + requires cloudy 
conditions 

2,000 - 3,500 

1,000 - 3,000 tolerates 2-5 
dry months 



Table 7: Temperature range for alder in degrees celsius. 

Mean 
annual 
temp. 

12 - 20 

8.5 

4 - 2 7  

16 - 18 

7 - 1 7  

12 - 18 

Mean 
max. of 
hottest 
month 

22 - 30 

24 

22 - 24.7 

Mean 
min. of 
coldest 
month 

4 - 1 4  

5 

-1 - 11.2 

Source 

Webb et al. 1984 

Mozo Morran 1972 

Sicco Smit 1972 

NAS 1980 

Gonzalez 1979 

Daza 1971 

Brenes 1985 



Table 8: Elevation above sea level range for 
alder by author. 

Range (m) Source 

1,000 - 3,000 Webb et al. 1984 

2,500 - 3,250 Sicco Smit 1972 

2,100 - 3,000 Mozo Morran 1972 

850 - 2,350 Tortorelli 1956 

1,200 - 3,200 NAS 1980 

1,500 - 3,000 Gonzalez 1979 

1,500 - 2,600 Brenes 1985 



varying from gravel to sand to clay (Mozo Morran 1972, NAS 

1980). In roost cases, soil moisture limits alder growth 

more than soil fertility (CATIE 1986). In the sierra of 

Peru, it only grows to sawtimber size on humid sites 

protected from strong winds (Carlson 1985). 

Volume and Growth Rates 

Alder usually grows to a height of 25 to 30 m (Sicco 

Smit 1972, Gonzalez 1979, NAS 1980, Rosero n.d., Gamboa et 

al. n.d.) but it can grow to 35 m (Daza 1971). Thirty month 

old alders averaged 7.5 m in height in Columbia (Rojas et 

al. 1978) and 32-month old alders at 3 x 3 m spacing 

measured 7.9 m in height (Gamboa et al. n.d.). In 

plantations, alder can grow to 25 m in 10 years and can 

reach 30 m in 30 years (NAS 1980). Martinez and Zanotti 

(1983) found 18-year old alders averaged 24.78 m in height. 

Martinez (1981) reported a constant growth increment in 

height of 150 cm/yr. The tee crown diameter reaches 13.4 m 

in mature trees (Brenes 1985). 

Alder can reach a maximum diameter (DBH) of 70 cm 

(Daza 1971). At 3 x 3 m spacing alder can grow to 7.72 cm 

DBH in 32 months (Gamboa et al. n.d.). Sicco Smit (1972) 

found 33 month old alders (1,500 trees/ha) averaged 8.2 cm 

DBH. Diameters can reach 20 cm in 10 years and 38 cm at 11 

years (Gamboa et al. n.d.). Gonzalez (1979) reported 45 to 

50 cm DBH in 12 to 15 years and Martinez and Zanotti (1983) 



reported a diameter breast height (DBH) of 23.3 cm at 18 

years. Martinez (1981) reported a growth increment in DBH 

of 15 mm per year and Gamboa et al. (n.d.) reported a 2.9 

cm mean annual diameter increment in Costa Rica. 

Volumetric growth and yield figures for alder have 

been reported at 0.5518 cu m/tree at 18 years in Guatemala 

(Martinez and Zanotti 1983) , 10 to 15 cu m/ha/yr at 20 

years (MAS 1980, Gamboa et al. n.d.), and 680 cu m/ha at 

25 years (Poschen 1980b, Gamboa et al. n.d.). Roper (1985) 

indicated that an acceptable volume production in the 

project area is 10 cu m/ha/yr on 20 to 30 year rotations. 

Most authors recomended an 18 to 20 year rotation age for 

alder (Holdridge 1951, Venegas 1971, Sicco Smit 1972, NAS 

1980, Gamboa et al. n.d.), but some recomended 25 to 30 

years (Daza 1971, Rojas et al. 1978, Poschen 1980b). 

Recomendations for the rotation age for alder resulting 

from this project are discussed later. 

Site Improvement 

Soil Erosion Control 

The natural distribution of alder on hillsides along 

streams and rivers protects watersheds from erosion. The 

tree roots reduce soil compaction, improve water 

infiltration (Budowski et al. 1983), strengthen irrigation 

canal walls, and stabilize landslide slopes and burn 



slopes. Fallen leaves, fruits, flowers, and branches 

return large amounts of organic matter to the soil, which 

increases soil porosity, infiltration capacity, and soil 

water conservation (Tarrant and Trappe 1971). In Columbia, 

a 3-year old alder plantation produced 250 to 300 kg/ha/yr 

in fallen leaves (Sicco Sin it and Venegas 1965) . 

Nitrogen Fixation and Production 

Alder fixes nitrogen by root symbiosis with an 

actinomycete of the genus Frankia which produces yellow 

nodules (0.5 to 0.6 cm in diameter) on the superficial root 

hairs. (Carlson 1985). Sicco Smit and Venegas (1965) found 

that root nodules contained 17.5% nitrogen .and fresh leaves 

contained 20% nitrogen. Decomposing dry alder leaves 

contained an average of 2.4% to 3.7% nitrogen (Brenes 

1985) . In Columbia, Sicco Smit and Venegas (1965) found 

that a three year old alder plantation produced 250 to 300 

kg of nitrogen/ha/yr in fallen leaves. During that time, 

the number of fallen leaves exceeded the number of leaves 

in the trees crown by three times (Sicco Smit and Venegas 

1965). The atmospheric nitrogen fixed by the actinomyctes 

on alder roots becomes incorporated throughout the tree 

(Table 9). The fixed nitrogen enters the soil by rain 

throughfall and by the decay of leaves, roots, and litter. 



Table 9: Nitrogen fixed by alder in Columbia 
{Sicco Smit and Venegas 1965) . 

Plant % Nitrogen weight of 
part in dry fixed 

material nitrogen (g) 

leaves 3.29 65.55 
branches 1.094 31.91 
wood 0.719 39.30 
roots 1.267 11.59 
nodules .2.780 2.50 



This results in an increase in total nitrogen in the 

vicinity of the tree. 

In Costa Rica, alders produced natural fertilizer 

equivalent to 180 kg/ha/yr of commercial nitrogen ertilizer 

(Poschen 1980b, Calvo 1983, Brenes 1985). In the humid 

zone of the southern Columbian sierra, two year old alder 

(mean height 6.2 m, 1,600 trees/ha) increased soil nitrogen 

by 279 kg/ha/yr on volcanic soils (Carlson 1985). In the 

central Columbian sierra, a 12 year old alder plantation 

(1,200 trees/ha) fixed 480 kg of nitrogen/yr. That total 

included 300 kg/ha of fallen leaves and 180 kg/ha of green 

material (Sicco Smit and Venegas 1965) . 

Pasture Productivity 

The forage quality and quantity of grass growing 

under alder is superior to grass growing in open pastures 

without alder trees (Sicco Smit and Venegas 1965) . Costa 

Rican farmers plant alder in pastures of kikuyu (Pennsetum 

clandestinum), elephant grass (£. purpereum), and imperial 

grass (Axonopus scopus) on 20 year rotations to rejuvenate 

poor pastures with compacted soils (Combe 1979, Poschen 

1980b, Rosero n.d.). 

In Columbia, kikuyu grows well under alder trees and 

protects soils against surface erosion (Sicco Smit 1972) . 

The trees also moderate ground level temperature extremes 

(Budowski et al. 1983). Rojas et al. (1978) found that 



grass production under alders did not decrease during the 

dry season as did open-grown grass. 

Rojas et al. (1978) reported that kikuyu grown under 

alder weighed 33% more than kikuyu growing in open pastures 
2 

without alders. Kikuyu averaged 284 gr/m below alder 
2 

compared to 56 gr/m when grown in open pasture (Sicco Smit 

and Venegas 1965). Kikuyu under 2.5 year old alder 

contained 2.33% to 3.20% nitrogen compared to 1.57% to 

1.75% when grown in open pasture (Sicco Smit and Venegas 

1965). The grass below alder contained 14.6% to 20% 

protein compared to 9.8% to 10.9% when growing in open 

pasture without alders (Sicco Smit and Venegas 1965) . 

Kikuyu grown in open pastures contained 10% protein 

compared to 15% under 2.5 year old alder and 20% under 12 

year old alder (Sicco Smit and Venegas 1965) . The organic 

nitrogen content for kikuyu under alder was 2.72% verses 

2.113% when grown in pastures without alders (Sicco Smit 

and Venegas 1965) . This improvement in the quantity and 

quality of forage increases livestock productivity. In 

Columbia, calves grazing under alder plantations gained 33% 

more weight than calves grazing in areas without alder 

(Rojas et al. 1978). 

Milk production from dairy cattle increased when 

the cows grazed in pastures of alder and kikuyu. Cattle 

show greater weight gains, produce more milk on less feed. 
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and show greater survival of young calves when protected by 

windbreaks. Agricultural production also increases behind 

windbreaks (Soil Conservation Service (SCS) 1969, Penaloza 

et al. 1985, Rosero n.d.). Windbreaks of alder planted 

along pasture and crop field boundaries and irrigation 

canals can serve the dual purpose of producing wood and 

protecting crops and livestock. 

Despite their open crowns, alders grown in dense 

stands result in decreased forage and crop production 

because of excessive shade or the effects of competition. 

Alders planted at close spacing in pastures must be pruned 

to leave sufficient light for the pasture grass (Poschen 

1980b). When widely spaced, however, the open crowns let 

sufficient solar radiation through for the grass to grow 

unimpeded (Carlson 1985). 



CHAPTER 3 

PROPAGATION AND NURSERY MANAGEMENT 

Seed Collection 

Well developed parent trees of good form over 13 

years old provide the best seed. Seeds from middle aged 

trees are heavier and have a higher germinative capacity 

than seeds from younger trees (Velez 1971) . It is best to 

collect alder cones when the tips start to turn brown, the 

wings inside the cone are brown, and the embryos are white 

(Galloway and Flores 1986). Entirely brown cones are 

completely mature and most of the seed will have fallen to 

the ground or been dispersed by wind (Velez 1971, Camacho 

n.d.). Seed provenances must be matched to the site 

conditions where the trees will be planted to assure 

successful plantations (Roper 1985). Alder seed collected 

in Las Carmelos, Rio Molacos, Napo, averaged 11.26 gr of 

clean dry seed for each pound of fresh cones (Francisco 

Cardenes, pers. comm.) 

Alder seed does not require pretreatment (Sicco Smit 

1972). Fresh seed can have 97.5% germination and 90% 

viability (Ruiz 1985, Galloway 1986) . Germinative 

capacity, however, can drop to 5% to 15% after one month 

(Hueck and Lamprecht 1959, Camacho n.d.). Germinative 
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capacity can be conserved for up to 9 months if seeds are 
o 

dried and stored under refrigeration at 4 C (Bulloch 1985,. 

Camacho n.d.). 

Germination periods of 20 to 25 days (Velez 1971, 

Rojas et al. 1978# Martinez 1981), 8 to 15 days (Rosero 

n.d.) and 12 to 20. days (Hueck and Lamprecht 1959) have 

been reported. Galloway and Flores (1986) obtained 80% 

germination after 3 to 4 weeks. Few nursery problems occur 

after the initial seedling germination period (Carlson 

1985). 

Drying seeds on 2.5 x 1 x 0.2 m raised racks with 

partial shading protects them from soil humidity and 

exposure to direct sunlight. The seed falls from the cone 

in 5 to 8 days (Velez 1971, Galloway and Flores 1986) . 

Propagation 

Alder has not been propagated in the Inter-Andean 

region due to low germination rates of the seed and 

difficulty in establishing seedlings in seedbeds (Galloway 

and Flores 1986). Recent successes in alder propagation by 

Gallaway and Flores (1986) in Conocoto, Ecuador, however, 

are leading to increased alder utilization. Propagation 

from cuttings is possible, but sprouting success is low and 

plant quality, especially root development, is poor. Seed 

propagation is therefore recommended (Ministry of Works and 

Development (MWP) 1983, Carlson 1985) . Sowing the seeds 



into seedbeds immediately after collection will give the 

highest possible germination (Carlson 1985} . Although some 

mortality results from transplanting, nursery managers have 

not succeded at germinating seedlings in containers. 

A well sieved, loose, soil mix of 75% sand, 20% 

soil, and 5% peat will give the best germination results in 

the seedbed (Galloway and Flores 1986, Rojas et al. 1978). 

In areas where alder is not found naturally, the soil must 

be inoculated with Frankia nodules obtained from alder 

roots in order to ensure nodule formation from the 

beginning of plant development (Camacho n.d.). Galloway 

and Flores (1986) suggest covering the seedbed with a cap 

of soil treated with alder root nodules. Damping-off is 

severe in seedbeds lacking alder forest soil (Galloway and 

Flores 1986) . Disenfecting the seedbed soil before 

planting will reduce seedling loses caused by damping -

off. Galloway and Flores (1986) , after considerable 

success propagating alder, recommended using 200 ml of 

commercial Formal (formalin or formol-chloral: a 40% 

aqueous solution of formaldihide which often contains 12 -

15% methyl alcohol to prevent the seperation of polymersed 
2 

compounds) in 12 liters of water for each 3 m of soil 

(Gardner 1978) . They suggest covering the seedbeds with 

plastic for 2 to 4 days after applying the solution, then 

removing the plastic when the smell dissipates. Other soil 



disinfectants can be used according to local availability. 

A good seeding density for alder is 3,000 to 3,500 
2 

seedlings/m of seedbed. Rosero (n.d.) found that 300,000 

seedlings could be produced from 1 kg of seed. The seeds 

can be planted in rows 15 cm apart and covered with a thin 

layer of organic soil to protect them from water, wind and 

birds. A 1 nun thick covering, although leaving many seeds 

exposed, will improve contact between the seed and the 

soil substrate and improve water absorption and retention. 

Covering the seed too deeply can reduce germination (Rojas 

et al. 1978, Carlson 1985, Galloway and Flores 1986). 

Shaded seedbeds show better germination than those in the 

open (Rojas et al. 1978). 

Seedbed and Container Management 

The seed requires abundant moisture for germination 

and initial growth. The most common problem in.propagating 

alder is a lack of moisture (Carlson 1985) . The radical of 

the seedling is very sensitive to desiccation, which often 

causes low germination and seedling mortality. The 

seedlings must be watered daily, but inundation can cause 

damping-off. Watering with a backpack sprayer delivers a 

fine spray which prevents seed movement (Galloway and 

Flores 1986) . Seedlings are ready for transplanting from 

seedbed to containers when the first leaves appear and they 

reach 10 cm in height at 3 to 6 months age depending on 



climatic conditions (Rojas et al. 1978, Carlson 1985). 

Seedlings can be plucked by hand from the seedbed and 

transplanted into containers. The soil mix for the 

containers should have less sand than the seedbed soil and 

should be disenfected before the containers are filled. 

Polyethelene bags (4.5 x 15 mm) with drainage holes can be 

used for containers. Spencer Lamar Root Trainers or 

plastic cones can also be used if the seedlings do not 

remain in the nursery long after they are ready to plant. 

At 4 to 6 months the seedlings are 20 to 30 cm tall and at 

6 to 8 months they are 30 to 40 cm tall and ready for 

outplanting (Sicco Smit 1972, Galloway and Flores 1986). 

Leaf stripping and cutting back the main stem can 

also slow seedling growth when additional storage time is 

needed in the nursery (up to 4 months). Alder's fibrous 

root system does not root spiral in containers as is common 

with pine seedlings, allowing more nursery storage time. 

The seeds could also be stored under refrigeration until a 

more convenient planting time. 



Outplanting 

Straight, regularly branched, well formed seedlings 

with a thick root collar survive best after outplanting. 

Exposing the roots to sun and wind will damage the 

seedlings and reduce survival. Seedlings should be planted 

during the wet season from December to March. 

Transpiration can be reduced and subsegent survival 

improved by stripping the leaves from seedlings before 

transporting them to the planting site (Poschen 1980a, Glen 

Galloway pers. comm.). 

Digging 40 x 40 x 40 cm holes before planting season 

(January to March) will improve soil aeration, improve root 

penetration, and distribute labor over time (Galloway and 

Borgo 1984) . 



CHAPTER 4 

PLANTATION MANAGEMENT 

Site Selection and Preparation 

Careful selection of sites with sufficient soil 

moisture, favorable site conditions, and well organized 

farmers plays a crucial role in this project. For planting 

projects to succeed, trees must be closely associated with 

agricultural and pastoral practices. Distributing trees in 

every vacant spot will decentralize fuelwood supplies and 

reduce farmers transportation costs (Clement and 

Montalembert 1983) . This will make rural communities 

responsible for maintaining their own fuelwood plantations. 

Line plantings of windbreaks and live fencing can 

realistically meet this objective (Roper 1985) . 

Plantations on poor, low production sites serve 

the dual purpose of restoring denuded, eroded land and 

producing firewood (Clement and Montalembert 1983). Even 

if the impact on providing energy supplies remains limited, 

the role of trees in conserving soil and water and 

increasing agricultural and pastoral yields makes fuelwood 

management plans worth while (Clement and Montalembert 

1983) . Saraguran farmers realize that soil erosion is a 

problem, but they aire more interested in crop improvement 
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and tree planting for field borders than in soil 

conservation (Mosher 1986) . 

Windbreaks of trees protect the area behind them 

from erosion and drying for distances of up to ten times 

the height of the trees (SCS 1969). The borders of 

agricultural fields provide better site conditions than the 

poor, low production sites commonly available for tree 

planting. On the same site, biomass and root nodulation 

are greater in shelterbelts along fields than in block 

plantations (Carlson 1985) . 

The most important traditional conservation 

structures have been hedges and walls. These structures 

serve as property boundaries and also trap eroding soil 

when placed across slopes. Hedges represent 20% of 

plantations and 60% are used to produce firewood for 

consumption and sale (Poschen 1980ar Clement and 

Montalembert 1983, Nations 1985) . 

Alders planted at the base of contour infiltration 

ditches act as partial barriers to soil movement and can 

form a base for the formation of terraces. Water 

infiltration in the root zone is improved, and initial 

seedling growth and survival rates are high (Galloway and 

Borgo 1984, Carlson 1985) . 

Planting in hedges and shelterbelts resolves the 

conflict of competing land use between agriculture and 



forestry by combining the farmers various interests on the 

same piece of land. These plantations also reduce the 

financial risk of commiting land to a new management system 

since only a narrow strip of land bordering the farmers 

fields is utilized (Clement and Montalembert 1983) . 

Extension agents and farmers working together can 

identify property boundaries, delineate drainage ditches, 

and lay out planting sites. Mapping can facilitate the 

visualization of the locations of croplands, dwellings, 

fences, pastures, etc. A management plan for the farmer's 

land can then be developed (Roper 1985) . 

Spacing 

Spacing recomendations for alder planted in pastures 

with kikuyu grass range from 4 x 4 m to 10 x 10 m (Carlson 

1985, Edger Ortiz pers. comm.). Gonzalez (1979) 

recommended a 3 x 3 m initial spacing, later thinned to 8 x 

12 m. Poschen (1980a) recomended thinning every other tree 

at 15 years and Gonzalez (1979) and Camacho (n.d.) 

recomended thinning three times at ages of 2 yrs, 5 to 7 

yrs, and at 10 to 15 yrs. Sicco Smit and Venegas (1965) 

suggested thinning at 2.5 years to obtain a density of 800 

to 900 trees/ha. 



Weeding 

Alder is a pioneer species which requires direct 

sunlight (Camacho 1981). Clearing a 1 x 1 ra area around 

< 
each seedling the first year after planting reduces 

competition. Seedling shock can be reduced by leaving some 

grass around the trunk of young trees after weeding 

(Galloway and Borgo 1984) . Weeding is important 6 months 

after planting in pastures. If pasture grass competes 

heavily with the seedlings, they should be weeded again 12 

to 16 months after planting. In some cases, weeding may be 

necessary 3 to 5 times per year for two years after 

planting (Daza 1971, Venegas 1971, Gonzalez 1979). Weeding 

with a machete reduces tree root damage. 

Grazing Management 

Saraguran farmers graze 4 to 5 head of cattle/ha, 

although 2 head/ha on 2 month cycles is recomended (Desmond 

pers. comm.). Wilfredo Garces (pers. comm.) recommended 

1.5 to 2.0 animal units/ha for irrigated pastures of 25% 

slope or less in Saraguro. Ing. Garces estimates that 10% 

to 15% of the land in Saraguro has sufficient moisture to 

manage alder with pasture grass. Alder foliage is known to 

be palatable and potentially a source of forage for dairy 

cattle (Gamboa et al. n.d.). 

Alder plantations can be destroyed by livestock 

eating the trees leaves and stems. To prevent this, 



individual trees in pastures can be protected from animal 

damage until the trees are 3 to 4 m tall (Holdridge 1951, 

Gonzalez 1979, Beer 1983, Carlson 1985) . Old fencing may 

be reused for this purpose since the trees need protection 

only for 3 to 4 years (Poschen 1980b). 

Pruning 

Periodic pruning provides an intermediate benefit to 

farmers by providing fuelwood before the final harvest. 

Frequent light pruning gives better results than less 

efficient severe pruning, which can reduce tree growth. 

Pruning with a saw will leave a smooth cut and reduce 

insect and disease problems caused by the rough cuts left 

by an ax or machete. Cutting the branches flush with the 

trunk will also reduce insect and disease attack (Poschen 

1980b). 

Pruning branches 1 to 2 m above ground improves 

pasture grass conditions in dense stands (Beer 1983). 

Pruning can be initiated when the trees reach about 5 years 

of age. Prunning alders which were planted at 10 x 10 m 

three times before age 15 will provide the optimal crown 

ratio of one third crown to two thirds clear bowl (Poschen 

1980b). The species prunes naturally and branching is 

relatively thin and light in closely spaced stands, but 

sufficient light may not get through for grass production 

(Sicco Smit 1972) . 



Harvesting 

Stump sprouting can be encouraged by leaving a 10 to 

12 cm high stump with a smooth, inclined cut so that water 

can run off, which reduces fungal and disease attack. A 

two-man saw or chain saw leaves a smoother cut than an ax. 

Sprouts can be thinned to two per stump 18 months after 

harvest, then thinned to one per stump one year later 

(Galloway and Borgo 1984) . The best formed, most vigerous 

sprout should be left (Rojas et al. 1978). 



CHAPTER 5 

VOLUME PREDICTION 

To evaluate the benefits gained by managing alder 

for fuelwood, the growth and yield of the trees planted 

must be predicted. A volume equation for Saraguro was 

estimated for this project because volume tables are not 

available for native species in Ecuador. To accomplish 

this the following steps were taken: 

1. An empirical equation used in Costa Rica to estimate 

alder stem volume from diameter and height 

measurements was obtained. 

2. Diameter and height measurements of alder trees of 

known age were taken at 16 sites in the Ecuadorian 

Andes. 

3. Stem volume was estimated from the diameter and 

height measurements using the equation from Costa 

Rica. 

4. An empirical equation was*then developed to describe 

the relationship between stem volume and tree age 

for alder in the Ecuadorian Andes. 

The products of this approach are: 1) estimates of 

the volume of the trees measured in the Ecuadorian Andes, 

and 2) an equation that can be used to predict yield at 
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different ages of alder in the Ecuadorian Andes. In 

providing this equation, effort has been made to make 

conservative estimates of the yield and benefit a farmer 

can expect from managing alder. This will minimize the 

risk faced by a subsistence level farmer when devoting his 

limited land resources to planting trees. Planting trees 

in rows along property boundaries also minimizes the amount 

of land taken out of agricultural production to devote to 

tree planting. 

Data Collection 

When choosing sample plots, sites with conditions 

commonly found in Saraguro were chosen, rather than 

selecting sites with optimal growing conditions. Alders 

grow best in alluvial soils along river banks, but few 

farmers have land of that quality. Farmers in Saraguro 

plant alder for live fencing and fuelwood along property 

boundaries and irrigation canals, so sample plots were 

selected to approximate those situations as closely as 

possible. 

Tree Age And Size 

Sixteen sites were sampled over a range of 

elevation, mean annual precipitation, and stand origin 

(Tables 10 and 11; Fig. 1). Tree growth rings are not good 

indicators of tree age in Ecuador, so the knowledge of 



Table 10: Location, elevation, and mean annual 
precipitation for sites sampled 
in Ecuador (Cruz 1983, Cuenca 1984). 

Site Location Elev. Mean 
(in) Annual 

Ppt. 
(nun) 

Lagunas Saraguro, Loja 2,520 750 

Chinchal San Lucas, Loja• 2,530 1009 

Puente Urdaneta, Loja 2,230 750 

Sequera 1 Vinuyacu, Loja 2,545 1000 

Solamaco Hacienda El Bosque, 
San Pedro de Vilcabamba, 
Loja 

2,400 1300 

Sequera 2 Vinuyacu, Loja 2,510 1000 

Sequera 3 Vinuyacu, Loja 2,500 1000 

Trail 1 Hacienda El Bosque 2,200 1080 

Onacapac Saraguro, Loja 2,650 750 

Plan Bosque Hacienda El Bosque 2,260 1300 

Sr. Mejia Hacienda El Bosque 2,075 1300 

Guango Quijos, Napo 2,450 2000 

Salera Hacienda El Bosque 2,260 1300 

Hofhouse Hacienda El Bosque 2,150 1300 

Sequera 4 Vinuyacu, Loja 2,510 1000 

Canar Canar, Azuay 3,200 495 

a. All Hacienda El Bosque sites are located 
in San Pedro de Vilcabantba, Loja. 



Table 11: Stand origin and sample method for 
sample sites in Ecuador. 

Site 

Lagunas 

Chinchal 

Puente 

Seguera 1 

Solamaco 

Sequera 2 

Seguera 3 

Trail 1 

Onacapac 

Plan Bosque 

Sr. Mejia 

Guango 

Salera 

Hofhouse 

Sequera 4 

Canar 

Stand 
Origin 

Planted 

Planted 

Natural 
Regeneration 

Planted 

Natural 
Regeneration 

Planted 

Planted 

Natural 
Regeneration 

Planted 

Natural 
Regeneration 

Natural 
Regeneration 

Natural 
Regeneration 

Natural 
Regeneration 

Natural 
Regeneration 

Planted 

Planted 

Number 
Sample Of Trees 
Method Sampled 

100% 4 

100% 11 

100% 65 

100% 65 

100% 104 

100% 5 

100% 10 

10 m wide 29 
transect 

100% 6 

100% 98 

100% 4 

10 m wide 59 
transect 

10 m wide 39 
transect 

10 m wide 14 
transect 

100% 1 

50% 40 
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Fig. 1: Location of sample sites in Ecuador. 



local farmers was relied upon to determine stand age. 

Depending on the site, farmers knew when trees were 

planted, when crop or pasture land was abandoned and trees 

became established, or when the site burned and trees 

became established. Landowners therefore knew stand age by 

when the trees started growing. Stand age was verified 

whenever possible by interviewing neighbors. 

All trees on the site were sampled if time, terrain, 

and understory permitted. If the understory was too thick 

or the stand to large to measure, a transect was placed at 

random through the center of the stand. Trees falling 

within five meters of the transect were measured. The 

stand origin, sample method, and number of trees measured 

for each sample site are given in Table 12. Total height 

to the nearest decimeter, and diameter at breast height 

(DBH, 1.3 ra above ground) to the nearest cm were measured 

for each sample tree at each site (Table 12). 

Stand Density 

Per tree rather than per hectare volume figures were 

used to avoid inaccuracies associated with the variable 

stand density of row plantations (windbreaks, live fencing, 

shelterbelts, and hedgerows). It was assumed that stand 

density did not significantly affect tree growth in the 

measured stands. In row plantings, trees grow close 



Table 12: Mean age, number of sampled trees, diameter, 
height, estimated volume, and standard deviation 

for sample sites in Ecuador. 

Site Age No. DBH 
(yrs) trees (cm) 

sampled 

Lagunas 1, .5 4 2. .83 

Chinchal 4. .0 11 8, .47 

Puente 4 ( .0 65 5, .35 

Sequera 1 5. .0 65 6, .34 

Solamaco 5, .0 104 6, .54 

Sequera 2 5. .0 5 13. .54 

Sequera 3 6, .0 10 11, .42 

Trail 1 8. .0 29 4. .68 

Onacapac 9, .0 6 22. .40 

Plan Bosque 9. .0 98 10. .68 

Sr. Mejia 10. .0 4 23. .45 

Guango 10. .0 59 10. .14 

Salera 16. .0 39 17. .73 

Hofhouse 18. .0 14 27. .51 

Sequera 4 20. .0 1 26. .0 

Canar 20. ,0 40 20. .17 

Total Est. S.D. 
ht. vol. of 
(m) per tree 

tree vol. 
(cu m) 

2.56 0.001 0.00 

7.54 0.09 0.02 

4.96 •0.01 0.01 

4.45 0.01 0.01 

5.45 0.02 0.02 

6.96 0.07 0.05 

7.32 0.05 0.04 

4.50 0.01 0.01 

14.73 0.32 0.09 

9.00 0.06 0.06 

11.88 0.29 0.03 

12.22 0.07 0.05 

13.97 0.23 0.16 

17.58 0.58 0.26 

12.9 0.37 0.00 

15.61 0.30 0.17 



together but face little competition perpendicular to the 

row. Stand density values for row plantations are 

therefore not comparable with density figures of naturally 

regenerated stands on shifting agricultural, pasture, or 

burned sites. 

Estimation of Individual Tree Volume 

Equation (1) , developed for alder in Costa Rica by 

Camacho and Murillo (1986), was used to calculate tree 

volume from diameter and height: 

2 2 
(1) V ~ D [0.00007342 - 0.002964(1/D ) + 0.00007008(H + D) 

+ 0.00003479(H)], 

where: 
V - volume in cu m 
D = DBH, outside bark, in cm and 
H = height in m. 

2 
For formula (1) the R was 0.91, the standard error = 0.79%, 

and n = 46. Camacho and Murillo's (1986) volume table and 

the range of volumes they observed is presented in Appendix 

A. The ranges of diameter, height, and volume observed in 

Ecuador in this study were 2.0 - 40.5 cm (DBH), 2.1 - 22.2 

m, and 0.001 - 0.842 cu m respectively. 

Site Productivity 

Some variability in site productivity was apparent 

(Table 12). Most of the sampled sites were very 

representative of the farm and pasture land available in 



Saraguro, but some sites, particularly ofiacapac, Sr. Mejia, 

and Hofhouse, had better site conditions than are commonly 

available for tree planting. No one factor explains the 

variability in productivity between sites. The Guango site 

had the most rainfall, but the trees grew on a thin layer 

of sandy soil covering landslide debris. The trees on the 

Puente site grew along an old irrigation canal which 

increased available moisture. The trees, however, grew out 

of the stone masonry walls of the canal. At Seguera 1, the 

trees grew in a "high cloud forest pasture" where humidity 

is high, but they grew along a trail where people and 

cattle damaged them. At Canar, the highest and driest 

site, the trees grew along a cement irrigation canal next 

to a cultivated field. The Canar trees showed comparable 

growth to those growing on lower sites with more 

precipitation. 

The Onacapac, Sr. Mejia, and Hofhouse sites were far 

more productive than other sites of similar age (Table 12). 

A comparison of site conditions revealed that the Onacapac 

and Hofhouse site trees grew along streams on good soils in 

valleys protected from wind. They grew next to open, 

cultivated fields during stand establishment and 

experienced little competition for light, moisture, or 

nutrients. Few sites available to farmers for tree 

planting have such favorable conditions. 



The trees in the Sr. Mejia site grew in an open 

pasture and were carefully pruned and cared £or by the 

landowner. The trees grew in a well protected valley at a 

lower elevation and warmer temperature than the other sites 

measured. 

The diameters and heights in Table 12 are generally 

smaller than those reported for similar aged trees in the 

literature for Costa Rica and Columbia (see Ch. 2), but the 

outliers (Oriacapac, Sr. Mejia, and Hofhouse) are similar to 

these values. The study sites mentioned in the literature 

in Costa Rica and Columbia have more precipitation, better 

soils, and are at lower elevations than most sites in the 

Ecuadorian Andes. On protected areas with sufficient 

moisture and good soils, however, similar growth rates to 

those in Costa Rica and Columbia are possible in the 

Ecuadorian Andes. The Onacapac, Sr. Mejia, and Hofhouse 

sites are examples of this. 

Prediction Of Future Tree Volume 

Diameter, height, and age data were gathered on 16 

sites to compute volume per tree. The trees on a given 

site were all of the same age. To develop the empirical 

equation needed to predict tree volume from age, the 

average volume per tree for each site was used as the 

dependent variable. Because the 16 sites did not have 

equal numbers of trees, a linear least squares model 



weighted by the number of trees present on each site was 

used. The regression assumptions of normality and equal 

variances were not met by the linear model, so four 

transformations (volume, 1/volurae, square root of volume, 

and natural logarithm of volume) were examined to alleviate 

these difficulties. The square root transformation was the 

superior transformation, resulting in stable variance 
2 

terms, normality, and the highest R . 

The Offacapac, Sr. Mejia, and Hofhouse sites were not 

included in the regression analysis. These sites were 

consistent outliers in the analysis, were far more 

productive than the other sites, and represented better 

site conditions than most Saraguran farmers have access to. 

The estimated regression line: 

2 
(2) V = 0.000841 * AGE 

was significant (F = 3.22, p < 0.10, n - 13), and explained 

92% of the variability in average tree volume with a mean 

square error of 0.002 cu m. This relationship is presented 

in Fig. 2 with a tolerance band indicating the variability 

of future predictions of individual site's average volume 

per tree. 

These results were used to estimate the volume of 

alder trees harvested at designated ages in the management 

plan presented in Ch. 6. A forester or farmer can use this 

volume prediction to estimate the average volume of 
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individual alder trees at a given age in Saraguro and other 

sites of similar conditions in the Ecuadorian Andes. The 

equation predicts the future average volume per tree but 

the volume of individual sites will vary about this 

estimate. The tolerance band indicates the expected 

variability. The volume of individual trees will also 

vary. 



CHAPTER 6 

MANAGEMENT ALTERNATIVES 

Alder can be managed along the boundaries of 

agricultural fields and pastures and within pastures at 

wide spacing. In addition to providing fuelwood, alder 

planted in this manner can provide live fencing and 
•j 

windbreaks, improve the soil, and decrease erosion (see Ch. 

2). The management alternatives presented here are 

designed to meet the various land use needs of subsistence 

level farmers in Saraguro. The trees must provide the most 

benefit possible in a short time frame and take up the 

least amount of productive land possible. Based on 

interviews with farmers in the project area and with the 

Indigenous Federation of Saraguro, it is assumed that the 

average family owns two hectares of land: one hectare used 

for agricultural production and one hectare for pasture. 

Alder planted for windbreaks and live fencing fertilizes an 

area along that strip and widely spaced alder provides 

fertilizer throughout the pasture {Carlson 1985) . 

The culmination of mean annual increment was not 

attained in the 20 years represented by the growth curve 

presented in Fig. 2. Determination of the rotation age 

beyond 20 years, at which the mean annual .increment is 

50 



maximized, is difficult due to the lack of volume data for 

alder. At high discount rates, however, events beyond 20 

years have little economic value to farmers and are 

difficult to promote; this is discussed further in Chapter 

8. Based on the literature (Ch. 2) and the constraint of 

high discount rates, a rotation age of 20 years was 

selected for this study. 

Alder planted along the property boundaries of an 

agricultural plot serves as a wind break and as live 

fencing. Alder can be planted at 1 meter intervals at the 

base of contour infiltration ditches measuring 30 x 30 cm 

with 25 m between each ditch. Alders are planted along the 

lower side of each ditch. Another row of alder can be 

planted at 1 m spacing along the lower slope property 

boundary or on the side facing the dominant wind direction. 

Fencing of the plot will protect trees from grazing; this 

would result in a total of 400 trees along the property 

boundary and 400 trees along the contour ditches (Fig. 3). 

The average agricultural or pasture plot is assumed to be 

square in this analysis although in Saraguro they are 

sometimes irregularly shaped due to the mountainous 

topography. 

On the pasture plot, 800 alder trees can be planted 

along the field boundary with 1 m spacing between rows and 

1 m between trees. Inside the pasture, 100 alders are 
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planted at 10 x 10 m spacing. In total, 900 trees are 

planted in the pasture (Fig. 3). Fencing the area keeps 

livestock from browsing the row plantations. individual 

trees inside the pasture are protected from grazing with a 

triangular fence. 

Given a 20-year rotation, the farmer has several 

management regime alternatives. The trees may be thinned 

one or more times before reaching the end of the rotation, 

or the trees may remain unthinned for the entire 20 year 

cycle. Thinnings can provide wood for use during the 

rotation period, or may provide intermediate financial 

returns. The economic benefits of various regimes are 

evaluated and compared in Ch. 8. 

Four management alternatives were examined to 

determine profitability. The various thinning regimes were 

chosen to represent the range reported in the literature 

(Ch 4). Alternative A thins at 6 and 12 year's, alternative 

B thins at 5 and 15 years, alternative C thins only at age 

10, and alternative D does not thin. All alternatives 

assume a final harvest at 20 years. 



CHAPTER 7 

FUELWOOD CONSUMPTION 

Determining fuelwood demand and unit price in 

Saraguro was an important step in evaluating the benefits 

of a fuelwood management plan. To calculate the value of 

trees in a fuelwood plantation, the market value of a cubic 

meter of fuelwood had to be determined. This value was 

based on the market price for a unit of fuelwood (one 

"mula", or one mule load). By measuring the average volume 

of a mula of fuelwood, the value of a cubic meter of 

fuelwood could be determined. Fuelwood demand per 

household was also determined to verify the fuelwood 

deficit predictions reported in the literature. Those 

figures provide insight into future fuelwood supply and 

demand trends in Saraguro. 

Extension agents interviewed farmers in the project 

area to determine the unit price for fuelwood and use per 

household. Every person questioned reported using one mula 

per week per household. One or more members of the 

household spent an average of one day per week gathering 

fuelwood. Gathering time depended on the walking distance 

to fuelwood sources. 
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The volume of fuelwood consumed per family was 

determined by purchasing 2.5 mulas of fuelwood from 

fuelwood cutters in Saraguro. Each mula was split into 

"tercios" (one half of the load riding on a mule). Each 

tercio was stacked evenly between two cinder blocks spaced 

50 cm apart. Stacked volume was calculated based on three 

measurements of height and depth (Table 13). 

Solid wood volume was determined by summing the 

volume of individual pieces. Volume of triangular and 

quadrilateral cross section pieces was calculated as: 

2 

where: 
S = solid wood volume 
A = side A 
B = side B 
C = longest side 
L = length. 

For pieces with a quadrilateral cross section, C was 

calculated as the average of the long sides. 

For cylindrical pieces, volume was calculated as: 

(4) S =7f * R * L 

where: 
L = length 
R = radius 
S - solid wood volume. 

The mean volume of a tercio was doubled to arrive at the 

(3) S = 
2 

C + 
2 

B -
2C 



mean weekly fuelwood demand per household (Table 13). 

Based on the 5 sample tercios, the average tercio contained 

0.033 cu ra of fuelwood (Table 13). The average family, 

therefore, consumes one mula (0.07 cu m) weekly, or 3.46 cu 

m (122.14 cu ft) annually. Assuming 4.6 people per family 

(INCE 1986), the annual per-capita fuelwood demand is 0.75 

cu ro (26.47 cu ft). This estimate is at the low end of the 

estimate by Clement and Montalembert (1983) of 0.7-1.2 cu m 

(24.7-42.4 cu ft) per person annually for the semi-arid 

Andean plateau. 

Fuelwood sells in the Saraguran market (July 1986) 

for 180 sucres per mula, or 2703 sucres per cu m. At 180 

sucres per mula, the market value of one family's annual 

fuelwood is 9360 sucres. If fuelwood sold for 150 and 300 

sucres per mula, a family's annual cost for fuelwood would 

be 7800 and 15600 sucres, respectively (Table 14). 



Table 13: Volume of fuelwood in 5 tercios purchased 
in July, 1986 in Saraguro, Loja, Ecuador. 

Sample Volume 
stacked 
(cu m) 

1 0.083 

2  0 . 0 8 6  

3 0.091 

4 0.089 

5 0.104 

Volume 
solid 
wood 
(cu m) 

0.036 

0.034 

0.045 

0.029 

0.024 

mean 

s.d. 

0.091 

0.007 

0.033 

0.007 



Table 14: The market value of the average Saraguran 
family's annual fuelwood consumption at 
different prices. 

Value Of 
Price (sucres) annual family 

consumption 
Per mula Per cu m (sucres) 

150 2252 7800 

180 2703 9360 

200 3003 10400 

250 3754 13000 

300 4505 15600 



CHAPTER 8 

ECONOMIC ANALYSIS 

Management alternatives are compared using present 

net worth (PNW), which is often used to evaluate investment 

opportunities. The interest rates (10, 15, 20, and 25%) 

were chosen to reflect alternative investment opportunities 

in Ecuador. Because interest rates change rapidly in 

Ecuador, providing a range of interest rates makes the 

analysis more flexible to account for changes in the local 

economy. A sensitivity analysis examines the effects of 

changes in key economic factors (market price of fuelwood, 

wage rate, fencing subsidies, and seedling subsidies) to 

determine their effect on the outcome of the analysis. 

Three sources were consulted for market values and 

management techniques: Saraguro Community Forestry Project 

records; interviews with farmers, extension agents, and 

resource managers; and the available literature. Saraguro 

project records were consulted for information on labor 

time associated with alder production and for seedling 

survival rates. Market prices for daily wages, fence 

posts, and transport were obtained from project financial 

records. Plantation layout and marking cost, weeding time, 

pruning time, and thinning cost were taken from current 
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literature. interviews with farmers, foresters, nursery 

managers, and extension agents provided cost figures on 

seedling production, fencing, transportation, and digging 

contour ditches. The information presented here is as 

specific as possible to the average farm in Saraguro. 

Differences in slope, soil, and vegetation, however, can 

change the labor necessary to implement individual 

projects. 

Analysis of Management Alternatives 

Four management alternatives are analyzed here. 

Alternative A thins at 6 and 12 years, alternative 6 thins 

at 5 and 15 years, alternative C thins only at age 10, and 

alternative D does not thin. All alternatives assume a 

final harvest at 20 years (Ch. 6). 

Values are presented in 1986 sucres. The average 

exchange rate for June and July of 1986 was 166 sucres to 

the dollar (US). Discount rates used in this analysis are 

real rates independent of inflation effects. Present net 

value (PNV) is calculated as the discounted benefits minus 

the discounted costs: 

t t 
n R - C 

(5) PNV = ]>I 
t=l t 

(1+r) 



where: 
t 

R = revenue in year t 
t 
C » cost in year t 
r = discount rate, and 
t = year in which cash flow occurs, t = 0,1,2, 

The internal rate of return (IRR) is the discount rate 

which equalizes the present values of costs and revenues, 

i.e., the value at which the PNV =0. The benefit cost 

ratio (BCR) is calculated as: 

(6) BCR = discounted revenues 
discounted costs . 

Cash flows for management alternative C (thin at 10 

years, harvest at 20 years) indicate that the project is 

profitable when evaluated at a 15% discount rate (Table 15, 

detailed information is given in Appendix A). The initial 

project cost for each alternative is 70,576 sucres. During 

the first project year there is an additional cost of 7,018 

sucres for replanting and weeding and revenues of 1,700 

sucres generated from the sale of forage form weeding. This 

results in a net cash flow (A) of -5,318 for project year 

1. Alternatives which have one or zero thins are more 

profitable than the alternatives with two thins at a 15% 

discount rate (PNV = 26,224 for C and 18,230 for D verses 

6,837 for A and 1,578 for B). Alternative A provides 

revenues at 6 and 12 years (26,323 and 24,048 sucres), but 

fewer trees are left for the final harvest. Alternative B 



Table 15: Net cash flow (A), present net value (PNV) and 
benefit-cost ratio (BCR) in sucres at r • 15% 
of four management alternatives. 

Management Alternatives 

Year 

A 
thin at 

6 and 12 yrs. 

A PNV 

B 
thin at 

5 and 15 yrs. 

A PNV 

C 
thin at 
10 yrs. 

PNV 

no thins 

PNV 

0 -70576 -70576 -70576 -70576 -70576 -70576 -70576 -70576 

1 -5318 -4625 -5319 -4625 -5319 -4625 -5319 -4625 

2 -1214 -918 -1214 -918 -1214 -918 -1214 -918 

5 12062 5997 52769 26236 22462 11168 1094 5427 

6 60886 26323 0 0 0 0 0 0 

10 1662 411 1662 411 178894 44220 1662 411 

12 128664 24048 0 0 0 0 0 0 

15 1662 204 204050 25077 1662 204 1662 204 

20 425083 25973 425083 25973 765150 46751 1445283 88307 

:al 552910 6837 606455 1578 891059 26224 1372592 18230 

ICR 1.08 TT02 1.31 1.28 



provides revenue at 5 and 15 years, but the project PNV is 

less than alternative A (1,578 sucres for A verses 6,837 

sucres for B) because the revenue from the second thin is 

discounted over 15 rather than 12 years. Alternative D 

provides the greatest cash flow, but all the revenue from 

harvesting trees occurs at 20 years. When these revenues 

are discounted over 20 years, the PNV diminishes to 18,230 

sucres. Alternative C provides the highest PNV at a 15 

percent discount rate (26,224 sucres). This alternative 

provides intermediate benefits at 10 years and leaves more 

trees for the final harvest (when volume is greater) than A 

or B. For this reason, alternative C also gives the 

highest BCR. The PNV's of A and B differ only slightly, as 

do the PNV's for C and D because of the similarities in the 

numbers of trees harvested at rotation age. 

The results of similar calculations performed for 

each management alternative at 10, 15, 20 and 25 percent 

discount rates are shown in Fig. 4. Few forestry projects 

can remain profitable at interests rates above 25%. All 

the management alternatives examined here are very 

profitable at 10%. As the interest rate increases, 

benefits occurring 20 years in the future become less 

attractive and early thins become more attractive to the 

farmer. Differences between the profitability of 

management alternatives are greater at low discount rates 
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and diminish at higher rates. Thinning becomes more 

attractive at higher interest rates because the benefits 

are discounted over fewer years. 

Optimal Management Alternative 

Based on PNV, alternative C is the superior 

alternative except at interest rates lower than 14.7%/ 

where alternative D is superior (Fig. 4). Additionally, 

the IRR of alternative C is 18%, which is greater than the 

IRR's of 17.5, 16, and 15% of D, A, and B, respectively 

(Fig.4). Alternative C provides intermediate benefits 

which D does not. Alternative C also provides intermediate 

benefits from thinning which the next best alternative D 

(no thinning) does not. Alternative C, therefore, appears 

to be the best management plan. Thinning at 10 years 

(alternative C) will remove trees from the agricultural 

plot, which will reduce shading and provide fuelwood as an 

intermediate return to the farmer before the final harvest. 

In addition to the benefits calculated here, the 

farmer incurs many indirect benefits as a result of 

planting alder. The soil building characteristics of alder 

combined with the effects of hedgerows, windbreaks, and 

infiltration ditches should increase site productivity (see 

Ch. 2). The increases in soil nitrogen and site 

productivity reported in Costa Rica and Columbia are 

specific for those sites and cannot be directly applied to 
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this analysis. Increases of unknown quantities, however, 

can be expected in Saraguro. 

Secondary uses for alder in the project area 

include window frames, furniture, musical instruments, 

saddles, plow handles, roof rafters, brush handles, and 

match boxes. Because the wood has- no taste, it is used to 

make cooking utensils such as rolling pins, tenderizing 

hammers, spoons, and jelly boxes. Crushed leaves help 

sooth tooth aches. Alder bark tea is used to soothe soar 

throats and is used for skin rashes. Alder bark is used to 

splint broken bones and to die wool. 

Erosion control, increased agricultural production, 

reduced pressure on remnant forests, and other benefits 

resulting from managing alder also occur as positive 

externalities to society. 

Sensitivity Analysis 

Analyses were conducted to determine the sensitivity 

of alder production profitability to changes in the market 

price of fuelwood and wage rates. Sensitivity analysis 

calculations assume that alternative C has been selected as 

the management plan. Fuelwood market prices of 150, 200, 

250, and 300 sucres per mula were evaluated at four 

different interest rates (Fig. 5). This analysis indicates 

that project profitability increases as fuelwood prices 

rise. The project becomes profitable at a 20% discount 
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rate if fuelwood price increases from the present 180 

sucres per mula to .250 sucres per inula. This has a 

significant effect on project profitability. 

If the population of Ecuador increases as expected, 

there will probably be an increase in fuelwood demand. As 

the supply of natural forest trees declines, the labor 

required to gather and transport fuelwood will also 

increase as people travel farther each day in search of 

fuelwood. Subsequently, it is likely that fuelwood market 

prices will increase. This increase may improve project 

profitability significantly. Costs may also change, which 

would effect project profitability. The project should 

become more attractive for investors as the future fuelwood 

supply and demand balance pushes the unit price for 

fuelwood to a higher equilibrium price. 

The sensitivity analysis of four wage rates at four 

discount rates indicates that, at a 15% discount rate, 

wages would have to increase beyond 400 sucres per day to 

result in a negative PNV (Fig. 6). For the range of wages 

250 to 400 sucres/day, there was no significant effect on 

project profitability. An increase in wage rate may result 

in an increase in fuelwood price, which is largely 

determined by collection cost. The amount of the increase 

is difficult to estimate because an increase in wage rate 
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does not lead to an equal increase in the price of 

fuelwood. 

Investor Perspective 

This project was analyzed from the perspective of 

the average farmer in Saraguro. Even though managing alder 

for fuelwood is profitable, the capital outlay required to 

establish the project is beyond the means of most Saraguran 

farmers. Project subsidies are one way around this 

problem. 

This project would require a significant cash 

outlay during the first year (45,480 sucres, 2 ha, using 

management alternative C, not including the farmers own 

labor). Required outlays include transportation (1,200 

sucres), seedling purchase (10,200 sucres), and fencing 

materials (34,080 sucres). This exceeds the cash reserves 

of most farmers in the project area. Restrictive loan 

requirements and the lack of infrastructure contribute to a 

shortage of capital and a lack of collateral among poor 

farmers in Saraguro (Mosher 1986) . 

Subsidies 

Subsidies for the fencing or seedling costs would 

reduce initial cash flow shortages for the farmer. With a 

100% subsidy of fencing materials, the project remains 

profitable to the farmer with a 23% discount rate, as the 



initial cash outlay is reduced to 11,400 sucres for 

seedlings and transport (Fig. 7). The seedling purchase 

price of 6 sucres per tree does not include the cost to the 

forestry project of supplying extension agents to help in 

planning, layout, and marking of the planting sight. That 

service costs 3,135 sucres per farm. A 100% subsidy of 

fencing materials results in greater profit at the farm 

level and a heavy subsidy bill of 37,215 sucres per farm at 

the institutional level. A 50% subsidy of fencing 

materials reduces the farmers initial cash outlay'to 28,440 

sucres and the subsidy bill is smaller: 20,175 sucres per 

farm. 

The Saraguro Community Forestry project currently 

sells seedlings for 1.5 sucres each. At the current 

seedling production cost of 6 sucres per tree, this 

represents a 75% subsidy of the seedling production cost. 

Figure 8 presents the results of a 75% seedling 

subsidy combined with a 0, 50, and 100% subsidy of fencing 

materials. The no subsidy case represents management 

alternative C without subsidies. 

With a 75% seedling subsidy and a 100% fencing 

materials subsidy, the project remains profitable beyond a 

25% discount rate, but the subsidy bill is 44,865 sucres 

per farm. A 50% fencing materials subsidy combined with 
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the seedling subsidy provides a positive PNV at discount 

rates above 20%. 

The seedling subsidy alone increases project 

profitability only slightly from the no subsidy case under 

management alternative C. This subsidy would ease the 

initial cash outlay for the farmer, but make it difficult 

for the Saraguro Community Forestry Project to reach their 

goal of self sufficiency. The project nursery hopes to 

cover operating costs with revenues from seedling sales. 

Total Cost Of Project Implementation 

The Ministry of Agriculture Soil Conservation 

Service estimates that 10% to 15% of the Canton of Saraguro 

has appropriate site conditions for alder management 

(Wifredo Garces, pers. comm.). This means that of the 

4,995 households using fuelwood or charcoal (INCE 1982), 

749 could take advantage of this project. Planning, layout, 

and marking cost are 3,135 sucres per farm, so total 

extension cost comes to 2,349,528 sucres. More houses may 

be able to take advantage of the project with irrigation. 

Fifty and 100% subsidies on fencing materials, 

added to extension costs results in total costs of 

15,116,748 and 27,883,035 sucres respectively. If a 75% 

seedling price subsidy is added to the fencing materials 

and extension subsidies, the subsidy cost comes to 



20,840,925 for a 50% fencing materials subsidy and 

33,603,885 for a 100% subsidy. 

Subsidy funds could come from a combination of 

government, private volunteer organizations, and foreign 

development assistance such as AID. CARE and other 

development organizations are involved in a number of 

similar activities. Providing subsidies to farmers to 

implement projects which increase fuelwood supplies, 

increase agricultural and livestock productivity, and 

decrease erosion may be a good investment for government 

organizations. 



CHAPTER 9 

DISCUSSION 

Fuelwood demand for the semi-arid Andes in 1980 was 

estimated at 0.7 to 1.2 cu ra/person/yr (24.7 cu ft/person/ 

yr to 42.4 cu ft/person/yr) while the supply was 0.6 to 1.0 

cu m/person/yr (21.2 cu ft to 35.3 cu ft/person/yr)(Clement 

and Montalembert 1983) . This study estimated the fuelwood 

demand in Saraguro at 0.75 cu m/person/yr (26.5 cu 

ft/person/yr). The fuelwood deficit leads to the use of 

agricultural residues for fuel rather than as an organic 

matter soil amendment. The clearing of remnant forests 

will increase erosion leading to decreased agricultural 

productivity. Lack of vegetative cover on critical 

watershed areas reduces fertility on agricultural lands, 

increases sedimentation of irrigation systems, and reduces 

sources of potable water and the life of hydro-electric 

dams (AID 1979). Farmers also respond to fuelwood 

shortages by consuming foods requiring less cooking time; 

this can lead to decreased nutrition. Consuming foods 

requiring long cooking times is already considered a 

measure of wealth in many communities. These deteriorating 

environmental conditions under scarcity situations indicate 

that government policy makers and international development 
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organizations need to promote improved land management 

practices. 

A 3.2 to 3.5% annual population growth rate will 

double Ecuador's population in 22 years (Nations 1985) . 

Rural populations are expected to increase by 55% between 

1980 and 2000, from 1.3 to 2.1 million (Nations 1985). 

This will increase pressure on forests and hillside soils 

since 90% of the Saraguran population use fuelwood or 

charcoal for cooking and heating (INCE 1982). 

The increase in numbers of hillside farms will 

increase the utilization of steep, easily erroded zones 

with poor soils, decrease fallowing times, and decrease the 

quantity of land available per family (Nations 1985) . 

Neither market prices of fuelwood nor hidden fuelwood 

collection costs to families adequately represent the costs 

of replacing forests or the costs of alternative energy 

supplies that may be required when the forest is gone 

(Wardle and Palmieri 1981) . Increases in fuelwood price 

will probably not reduce fuelwood demand because 

alternative energy sources (electricity and propane) are 

very costly. 

In Costa Rica, alders in well managed pastures 

double the revenue from open pasture under heavy grazing 

(Sicco Smitt and Venegas 1965) . In addition, alder can fix 

nitrogen in the soil to the extent of up to 480 kg of 



commercial nitrogen fertilizer per ha per year (Poschen 

1980a, Sicco Smitt and Venegas 1965) . Although site 

conditions determine the amount of nitrogen contributed to 

the soil, crop and pasture production should improve, 

increasing the farmer's income. 

Kikuyu grassgrown under alder has higher protein 

(Beer 1980) , and nitrogen contents (Sicco Smit and Venegas 

1965) and is heavier than when open grown (Rojas et al. 

1978). Grass grown below alder is superior in quality and 

quantity to open grown grass (Sicco Smit and Venegas 1965) . 

Calves gain more weight and cows produce more milk when 

grazed under alder than those grazed in the open (Rojas et 

al. 1978, Rosero n.d.). In addition, alder foliage is 

palatable and can supply forage for dairy cattle ( Gamboa 

et al. n.d.). These improvements can increase livestock 

production, which Saraguran farmers depend on for cash 

income. 

This project would contribute to future fuelwood 

supplies, decrease soil erosion, and increase site 

productivity. It could help secure a source of water for 

dairy producing and urban areas, and create employment 

while supplying some of the demand for fuelwood. Migration 

from rural to urban areas may be slowed by creating income-

generating projects in rural areas. The main limitation 

for the farmer to implement this project is the lack of 



investment capital. Subsidies to the farmer for purchasing 

seedlings and fencing materials would ease that restraint. 

The farm level profitability and positive social 

externalities of managing alder for fuelwood make 

subsidizing this project a good investment. The choice may 

come down to either paying a high subsidy bill now to 

promote fuelwood management plans or to pay a much higher 

price later when the forest vegetation and the soil it 

protects are gone. At that point, recovery may not be 

possible. 

The cost of fencing is a barrier to implementing 

this project, but without it, livestock will destroy the 

plantations. Farmers could keep animals out of the pasture 

for three or four years, but they would have to rent 

pasture elsewhere to graze their animals. Pasture lands 

are already in short supply and are generally overgrazed. 

Expecting the farmer to rent additional land when pastures 

are already scarce is not realistic and does little to 

solve Saraguro's land use problems. 

Farmers could also cut pasture grass by hand and 

bring it to the animals, but this would require a 

tremendous labor input. That practice goes against 

traditional livestock management techniques, a factor which 

always makes implementation difficult. 



Fencing the area with natural thorny vegetation is 

also possible; however, finding enough thorny plants to 

fence a number of farms is difficult. If farmers planned 

far enough in advance, they could plant a live fence of 

agave, raspberry, or some other spiny plant. That would 

reduce fencing costs but would probably be less effective. 

Although fencing materials are expensive, they can be used 

for other fencing purposes after the trees are three or 

four years old. in addition, old fencing materials could 

be used at reduced cost since the trees require fencing for 

a relatively short period. 

Even with the cost of fencing, managing alder for 

fuelwood remains profitable at an interest rate over 15%, 

which is excellent for forestry investments. Farmers can 

reduce the labor required to implement this project by 

working in cooperatives to install the project on a 

rotational basis. Coordination of seedling transport to 

central locations would allow pooling of transportation 

costs. 

The project could be replicated in many sites in the 

Ecuadorian Sierra with ecological and socio-economic 

characteristics similar to Saraguro. It must be emphasized 

that only sites with sufficient soil moisture will 

demonstrate the growth rates presented in chapter 5. In 

areas with an annual precipitation of 750 to 1100 mm. 



favorable site conditions exist along irrigation ditches, 

streams, in protected valleys, or along stone walls which 

act as partial water catchments. Site conditions can vary 

greatly within a small area in Saraguro and other Andean 

villages due to the mountainous terrain. Managing alder 

for fuel.wood is not a viable management option for every 

farm in the area because of the lack of moisture in many 

sites. Many farms could, however, profit from this 

project. Forestry extension agents in Saraguro must 

provide a variety of management options to meet varying 

site conditions of which managing alder is only one. 



CHAPTER 10 

CONCLUSION 

This study compares alder growth on sites with 

different characteristics. The results presented here are 

therefore meant to be a guideline, not a prediction of the 

exact benefits and costs a farmer will experience. Site 

conditions, local prices, and local custom vary widely even 

within the Canton of Saraguro. All of these factors can 

have a dramatic effect on project profitability. 

This study indicates managing alder for fuelwood on 

2 hectares of land on a 20 year rotation can yield a real 

rate of return greater than 15%. Thinning at 10 years will 

result in a higher present net value and benefit-cost ratio 

than thinning at 5 and 10 years, 6 and 12 years, or not 

thinning at all. Managing alder on 1 hectare of farmland 

and 1 hectare of pasture land on a 20 year rotation with 

one thinning at 10 years would yield 0.8 cu m (28.2 cu ft) 

of fuelwood at 5 years (pruning), 68.1 cu m (2403.9 cu ft) 

at 10 years (thinning and pruning), 0.8 cu m (28.2 cu ft) 

of fuelwood at 15 years (pruning), and 303.1 cu m (10699.4 

cu ft) of fuelwood at the final harvest. Using a 15% real 

interest rate this regime returns a PNV of 891,059 sucres 

with a BCR of 1.31. 
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If the fuelwood price increases from the present 

180 sucres per mula to 250 sucres per mula, managing alder 

can show returns of up to 20% using this management regime. 

Increasing the daily wage rate from 250 sucres per day to 

400 sucres per day does not significantly reduce project 

profitability. 

The main constraint to farmers who wish to manage 

alder on appropriate sites is a lack of access to credit. 

If farmers could borrow money easily, an investment with a 

15% real rate of return would be very attractive. Farmers 

lack the collateral necessary to obtain loans from banks 

and loan officers of financial institutions would rather 

make a few large loans than many smaller ones. CARE-

Ecuador works successfully with guaranteed loan programs 

for small farmers, but the credit limit is far less than 

the initial investment necessary for this management 

regime. Given the profitability of managing alder for 

fuelwood, CARE-Ecuador and Ecuadorian financial 

organizations should consider increasing the limit for 

guaranteed loans to farmers to cover the cost of fencing. 

Without an equitable credit program, providing subsidies to 

farmers to manage alder for fuelwood is the next best 

solution. 

Subsidies could help farmers bear the initial cash 

outlay for seedlings and fencing materials of 44,280 



sucres. Subsidizing 100% o£ the fencing materials reduces 

the initial investment to 11,400 sucres and increases the 

IRR to about 23%. A 50% fencing subsidy reduces the 

initial cash outlay to 28,440 sucres. Seedlings at 

Ministry of Agriculture and CARE nurseries are often sold 

below cost. A 75% seedling subsidy combined with a 100% 

fencing materials subsidy reduces the farmers initial cash 

investment to 1,200 sucres and the IRR increases to over 

25%. 

Technical assistance in planning, layout, and 

marking from forestry extension agents is necessary to 

assure project success. The institutional cost of 

providing extension agents and subsidizing alder management 

in Saraguro on appropriate sites (15% of the Canton) given 

a 75% seedling and a 100% fencing materials subsidy is 

about 33,604,000 sucres. Even with a heavy subsidy bill, 

the social benefits of increased fuelwood supplies, 

decreased soil erosion, and increased agricultural and 

livestock productivity make alder management a viable 

investment alternative for government or international 

development institutions. 

Future research should focus on developing volume 

and yield formulae and site indices for native trees in 

Ecuador. A method for evaluating the effects of 

competition in row plantations needs to be developed to 



more accurately predict tree yield. The dependence on pine 

and eucalyptus tree species can lead to disease and insect 

problems associated with exotic monoculture plantations. 

Foresters often use pine and eucalyptus because they lack 

sufficient information to produce and manage native 

species. Providing resource managers with information on 

native trees will expand the tools available to address 

Ecuador's desperate land use problems. 

An analysis evaluating indirect benefits of managing 

alder would provide a more accurate cost-benefit analysis. 

The rates of return on managing alder for fuelwood 

presented here are extremely favorable even without 

including monetary values for the indirect benefits 

accruing to the farmer. Research on methods for providing 

greater access to credit for subsistence level farmers 

could help reduce the dependency on subsidy programs and 

remove a major constraint to investing in improved land 

management systems. 



APPENDIX A: Volume table for alder showing range of 
observations in cu m from Camacho and Murillo-
(1986), pp. 95 - 97. 

Diaipeter Total tree height (m) 
DBH 
(cm) 5 .0  6 .0  7 .0  B.O 9 .0  10.0 11.0 12.0 

5.0 0.0050 0.0062 0.0074 0.0086 0.0099 0.0111 0.0123 0 .  0135 
6 .0  O.OOBO 0.0097 0.0114 0.0131 0.6147 0.0164 ! 0 .0181 0.0198 
7 .0  0.0115 0.0138 0.0160 0.0182 0.0204 0.0226 0.0248 f 0.0270 
B.O 0.0157 0.0185 0.0212 0.0240 0.0268 0 .  0296 0.0324 0.0352 
9.0 0.0202 0.0237 0.0271 0.0306 0.0340 0.0375 0.0409 0.0444 

10.0 0.0253 0.0295 0.0336 0.0378 0.0420 0.0462 0.0504 0.0515 
11.0 0.0358 0.0408 0.0458 0.0507 0.0557 0.0607 0.0657 
12.0 0.0486 0.0544 0.0603 0.0661 0.0720 0.0778 
13.0 0.0638 0.0706 0.0774 0.0841 0.0909 
.14.0 0 .0816 0.0894 0.0972 0.1050 
15.0 0.0935 0.1023 0.1112 0.1201 
16.0 0.1061 0.1161 0.1261 0.1362 
17.0 0.1195 0.2307 0.1420 0.1532 
1B.0 0.1336 0.1452 0.1587 0.1712 
19.0 0.1625 0.1763 0.1902 
20.0 0.1796 0.1949 0.2102 
21.0 0 .  2144 0 .2312 
22.0 0.2348 0 .  2531 
23.0 0.2561 0.2761 
24.0 0.2783 0.3000 
25.0 0.3014 0.3249 
26.0 0 .3508 
27.0 0.3776 
28.0 0.4055 
29.0 0.4343 
30.0 0.4641 



APPENDIX A — continued 

Diameter Total tree height (m) 
DBH 

(cm) 13.0 14.0 15.0 16.0 17.0 1B.0 19.0 20.0 21,0 22.0 no 

7.0 0.0292 0.0314 
B.O 0.0300 0.040B 
9.0 ' 0.0478 \ 0.0513 0.0547 

10.0 0.05B7 0.0629 0.0671 0.0562 
11.0 0.0B37 0.0895 0.0806 0.0856 0.0906 0.0956 
12.0 0.0977 0.1045 0.0954 0.1012 0.1071 0.1129 
13.0 0.1128 0.1206 0. 0113 0.1181 0.1249 0.1317 0.1453 
14.0 0.1123 0.1206 0.1234 0.1362 0.1440 0.1518 0.1674 

0.2089 15.0 0,1290 0.1379 0.1467 0.1556 0.16 45 0.1734 0.1823 0.1911 0.2000 0.2089 

16.0 0.14622 0.1562 0.1662 0.1763 0.1863 0.1953 0.2064 0.2164 0.2264 0,2384 
0.3769 17.0 0.1645 0.1757 0.1B69 0.1982 0.2094 0.2207 0.2319 0.2432 6.3HI 0.2657 0.3769 

1S.0 0.1B3B 0.196J 0.2098 0.2214 0.2339 0.2464 0.2598 0.2715 0.2840 0.2966 0.3091 

19.0 0.2041 0.2180. P. 2319 0.245B 0.2597 0.2736 0.2875 0.3014 0.3153 0.3291 0.3430 
20.0 0.12S5 0.2409 0.2562 0.2715 0.2868 0.3021 0.3174 0.3328 0,3481 0.3634 0.3738 
21.0 0.2480 0.2648 0.2816 0.2984 0.3151 0.3J21 0.3409 0.3657 0.3825 0.3993 .0.4161 
22.0 0.2715 0.2899 0.30B3 0.3267 0.3450 0.3634 0.3818 0.4002 0.4186 0.4369 0.455J 
23.0 0. 2961 0.3161 0.3361 0.3561 0.3762 0.3962 0.4162 0.4362 0.4562 0.4762 0.4962 
34.0 0.3217 0.3434 0.3651 0.3869 0.4086 0.4303 0.4520 0.4738 0.4955 0.5172 0.5309 
25.0 0.3484 0.3719 0.1954 0.4189 0.4474 0.4659 0.4894 0.5128 0.5363 0.5590 0.5033 
26.0 0.3761 0.4014 0.4260 0.4521 0.4775 0.5028 0.5281 0.5535 0.5788 0.6042 0.6295 
77.0 0.4019 0.4321 0.4594 0.4866 0.5139 0.5411 0.5684 0.5957 0.6229 0.6502 0.6774 
2B.0 0.4U7 0.4639 0.4932 0.5224 0.5516 0.5809 0.6101 0.6394 0 6680 0.6978 0.7271 
29.0 0.4656 0.4969 0.5282 0.5594 0.5907 0.6220 0.6533 0.6846 0.7159 0.7472 9.7785 
J 0.0 0.4975 0.5309 0.5643 0.5977 0.6312 0.6646 0.6980 0.7314 0.7648 0.7982 0.8316 
31.0 0.5305 0.5661 0.6017 0.6373 0.6729 0.7085 0.7441 0.7797 0.8153 0 8509 0,8865 
32.0 0.5645 0.6024 0.6402 0.67Bl 0.7160 0.7538 0. 7912 0.8296 0.8C75 | 0.9053 0.9432 
33.0 0.5996 0.6398 0.6800 0.7202 0.7604 0.BOO6 0.8408 0.8810 0.9212 0.9614 1.0016 
3<. n 0.6357 0.6783 0.7209 0.7635 0.8061 0.8487 0.8913 0.9339 0.9765 1.0191 1.0617 
35.0 0.6729 0.7180 0.76JO 0.8081 0.8533 0.8983 0.9433 0.9884 1.0335 1.07as 1.1236 
36.0 0.8540 0.9C16 0.9492 0.9960 1.0444 1.0920 1.1195 1.1873 
37.0 0.9011 0.9513 1.0015 1.0518 1.1020 1.1522 1.2024 1.2526 
3B.0 0.9495 1.0024 1.05553 1.1082 1.1611 1.2140 1.2669 1.3198 
39.0 0.9991 1.0540 1.1104 1.1661 1.2217 1.2774 1.3330 1.3887 
iO.O I. OS00 1.1085 1.1669 1.2254 1.2839 1.J42J J.4008 1.4593 
il .O 1.2862 1.J476 1.4089 1.4708 1.5317 
42.0 1.3485 1.4128 1.4771 1.5415 1.6050 
43.0 1.4123 1.4796 1.5470 1.&4J 1.6816 GO 

sj 



APPENDIX B. Discounted present value Of managing alder 
in Saraguro, Loja, Ecuador. 

0 

0 

Management area: 1 ha agricultural land 
and 1 ha pasture 

Trees planted: 1700 
Dis

counted 
Value Value 

Year Inputs Quantity 

0 

0 

Layout and Marking 
(trees/man day) 435 
(Galloway 1986) 

Hole Digging and Site 
Preparation (trees/man day) 85 

Planting (trees/man day) 118 

Digging Contour Drainage 
Ditches (man days/ha) 33 
(Glen Galloway, pers. comm.) 

Cost/Seedling (sucres) 6 
(Glen Galloway, pers. comm.) 

Transport (sucres/ha) 600 

Fencing 
a) individual tree for 

100 pasture trees 
i.labor (man days/tree) 0.06 

(Glen Galloway, 
pers. comm.) 

(sucres) 

1172 1172 

6000 6000 

4322 4322 

9900 9900 

10200 10200 

1200 1200 

1800 1800 

a. Parameter values: discount rate = 15%, wage rate 
- 300 sucres/day, fuelwood price - 2702 sucres/cu m. 

b. All values, unless cited otherwise, obtained 
from Saraguro Project files or personal communication with 
project personnel. 



APPENDIX B — continued 

89 

2 

5 

10 

10 

b) 

ii. barbed wire 
(sucres/tree) 
(Glen Galloway, 
pers. comm.) 

iii. fence posts 
(sucres/tree) 

area of 2 ha 
i. labor 

96 

60 

9600 

6000  

9600 

6000 

(man days/ha) 
(Mcormick 1986) 

3.17 1902 1902 

ii. fencing materials 
(sucres/ha) 
(Mcormick 1986) 

9240 18480 18480 

Weeding no.l 
(trees/man day) 
(Goor and Barney 1968) 

175 2914 2534 

Replanting 
20% of total trees planted 
340 trees 
i. hole digging 

(trees/man day) 
ii. tree planting 

(trees/man day) 
iii. cost/seedling (sucres) 

85 

118 
6 

1200 

864 
2040 

1043 

752 
1774 

Weeding no.2 
(trees/man day) 175 2914 2204 

Pruning no.l 
100 trees 
(trees/man day) 
(Mcormick 1986) 

60 500 249 

Pruning no.2 
100 trees 
(trees/man day) 60 500 124 

Thinning 
800 trees 
(trees/man day) 50 4800 1186 
(Sanchez and Murillo 1985} 



APPENDIX B — continued 

90 

15 

20 

10 

10 

15 

20 

Pruning no.3 
100 trees 
(trees/man day) 

Harvest 
900 trees 
(trees/man day) 

6 0  

Outputs 

Weeding no.l 
(sucres/tree) 

Weeding no.2 
(sucres/tree) 

Pruning no.l 
100 trees 
(cu m fuelwood/tree) 

Live Fence Post 
800 trees 
(sucres/post) 

Pruning no.2 
100 trees 
(cu m fuelwood/tree) 

Thinning 
800 trees 
(cu m fuelwood/tree) 

Pruning no.3 
100 trees 
(cu m fuelwood/tree) 

Harvest 
900 trees 
(cu m fuelwood/tree) 

1 

1 

0 . 0 0 8  

2 6  

0 . 0 0 8  

0 . 0 0 8  

0.33676 

500 

54000 

Total 

1700 

1700 

2162 

20800 

2162 

0.08419 182032 

2162 

819150 

Total 

61 

3299 

83803 

Total Profit (Present Net Value (PNV)) 
Benefit:Cost Ratio (BCR) 

1478 

1285 

1075 

10341 

534 

44996 

266 

50050 

110026 

26223 
1.31 
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