
International Journal of Agricultural Policy and Research Vol.2 (12), pp. 444-453, December 2014 
Available online at http://www.journalissues.org/IJAPR/ 
http://dx.doi.org/10.15739/IJAPR.016 
© 2014 Journal Issues                                                                                                                                                                       ISSN 2350-1561  

 
 
 
 
 

Original Research Article 

 

Adaptability, growth and firewood volume yield of 
multipurpose tree species in semiarid regions of 

Northeastern Mexico 
 
Accepted 14 November, 2014 
 

Rahim Foroughbakhch*1, 
Jorge Luis Hernández-

Piñero1and Artemio 
Carrillo-Parra2 

 
1Universidad Autónoma de 

Nuevo León, Facultad de Ciencias 
Biológicas, 66451 San Nicolás de 

los Garza, N.L. Mexico. 
2Universidad Autónoma de 

Nuevo León, Facultad de Ciencias 
Forestales, 67700 Linares, N.L. 

Mexico. 
 

*Corresponding Author 
E-mail: rahimforo@hotmail.com 

Tel +5281-81143465 
 
 
 
 
 

The coast of the Gulf of Mexico is rich in drought-tolerant species potentially 
useful for reforestation, agroforestry, and production of timber and 
fuelwood. However, over exploitation has resulted in a gradual degradation 
of their population. Thus, in order to remedy the disturbed areas, a 
monoculture research strategy has been undertaken to determine 
adaptability, establishment and fuelwood production of 12 multipurpose 
tree species: Acacia berlandieri, A. farnesiana, A. rigidula, A. wrightii, 
Ebenopsis ebano, Havardia pallens, Helietta parvifolia, Parkinsoni aculeata, 
Prosopis glandulosa, P. laevigata, Leucaena leucocephala and L. pulverulenta. 
Seedlings were planted in randomized blocks in deep loamy-clay soil. 
Growth parameters and volume of trees were evaluated over 20 years. 
Higher height growth rates (m year-1) were recorded in P. aculeata (0.51), L. 
leucocephala (0.49) and L. pulverulenta (0.48) compared to (0.21-0.29) in A. 
rigidula, A. berlandieri and A. wrightii .The mean annual fuelwood volume 
rate indicates that Leucaena species (1.89-2.01 m3 ha-1),  Prosopis 
species(1.47-1.54 m3 ha-1), E. ebano (1.64 m3ha-1)and Acacia farnesiana (1.5 
m3ha-1) showed higher production compared to A. berlandieri,  H. pallens and 
A. rigidula (0.75-0.95 m3ha-1). Most of the species showed good growth in 
plantation and a high potential for diversified silvicultural management 
programs in semiarid areas. 
 
Key words: Adaptability, establishment, native species, plant growth, fuelwood, 
agroforestry, arid zones. 

 
 
 
INTRODUCTION 
 
Selection of native tree species for non-industrial use in 
developing countries has become an important issue due to 
the recent world awareness of the importance of forestry to 
rural development and the pressure to achieve useful 
results in a quick manner (Tewari et al. 2000, Bustillos et al. 
2007). Not only experienced staff is needed but clearer 
conservation, restoration policies, management techniques 
and supporting funds are necessary as well. Besides, 
reliable information on ecological, silvicultural and other 
useful characteristics of many potentially valuable species 
are  still  unavailable  and hampers species selection (Booth 

 1985; Woerner 1991). 
Our study was conducted in coastal plains in the Gulf of 

Mexico where vegetation in most of the territory consists of 
small trees and shrubs, locally referred to as spiny and 
subinerm species (Ludwig et al. 1975, Molina-Guerra et al. 
2013). This vegetation is composed of almost 60 woody 
species and many of them are important in agroforestry 
and for production (timber, posts, fuelwood, forage, etc.) 
which constitutes the most common land use (Berni et al. 
1979, Alden 1995). Woody plants of shrubberies are 
economically important as fuelwood and forage  source  for  
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rural population (Maydel 1996). However, the vegetation of 
this area has been lately undergoing remarked changes in 
structure, composition and a slow and perhaps irreversible 
degradation as a result of diverse human activities such as; 
the selective cut of certain species or cattle overgrazing 
(Bucur 2006; Carrillo et al. 2008). This type of grazing 
results, in the long run, in loss of both quality and quantity 
of biomass and wood volume followed by reduction in the 
plant layer which covers and protects the soil. 

To stop deforestation and recovering forest lands some 
amounts of financial resources have been recently invested 
in search of plant species with multipurpose characteristics 
as well as the development of technologies for appropriate 
management for gaining higher yields in less time in order 
to satisfy the increasing demand for forest products and to 
decrease the destruction processes of natural resources 
(Eviner 2003). In order to alleviate unfavorable conditions 
determined by deforestation and to preserve arid and 
semiarid ecosystems, few reforestation programs have 
been achieved which include reforestation of disturbed 
areas with native trees. The objective of this study was to 
evaluate the survival, growth parameters and firewood 
volume of multipurpose tree species in semiarid regions of 
Northeastern Mexico.  
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
The experimental area is located on a plain region at 430-
450 m altitude in the piedmont of the Sierra Madre Oriental 
in Mexico (24° 47‟ North latitude and 99° 32‟ West 
longitude).Originally all the area was covered by the typical 
Tamaulipan thornscrub dominated by woody plants which 
was mostly cleared to support cattle production and crops 
systems. Some areas with perennial shrubs and plants were 
conserved as reserves and others were used for 
agroforestry activities and ecological studies. The regional 
climate in the scheme of Köppen modified by García (2004) 
is defined as semiarid and subhumid [(A) C (Wo)] with two 
rainy seasons (summer and autumn) and a dry spell 
between November and April. Mean annual precipitation is 
780 mm (Cavazos and Molina 1992). The month with the 
highest mean rainfall is September (180–200 mm) and the 
lowest occurs in December and January (15–20 mm). 
Average number of days with rainfall per year is 85±15. 
About half of these days show precipitation amounts of less 
5 mm, mainly related to thunderstorms resulting from deep 
convection by mid-latitude disturbances (Navar et al. 
1999). Cold-front systems determine most of the winter 
rainfall, accounting for <10% of the long-term annual 
average. Potential evapotranspiration is -150 mm (Navar 
and Bryan 1994). The mean annual temperature is 22.3 ºC 
with a large difference between winter and summer (min. 
12° C, max. 45°C) and even within the same month. Hail and  

 
 
 
 
frosts usually occur every year even after the beginning of 
the growing season in March. 

The water budget is unbalanced. The ratio of 
precipitation to free evaporation is 0.48 and precipitation 
to potential evaporation is 0.62. Soils of the region mostly 
derive from rocks of the Upper Cretaceous rich in calcite 
and dolomite. The dominant soils are deep, dark grey, lime-
clay vertisols which are the result of alluvial and colluvial 
processes (FAO-UNESCO 1974) characterized by high clay 
and calcium carbonate content (pH 7.0 - 8.0) and low 
organic matter content. Analysis of major nutrients reveals 
phosphorus and nitrogen deficiencies. Nitrogen is very 
volatile in the prevailing climate and it is apparently lost 
when the vegetation is cleared from sites with diverse 
species of woody legumes, leaving the soil exposed to 
alternating conditions of heavy rain and extreme isolation. 
Such soils can be 3 m deep or more and are preferred for 
agricultural seepage. Underground water is hard, but non-
saline. Vegetation associated to the study area may be 
described as dense (2.0–6.4 shrubs m-2), shrubby (average 
height of 1.95–2.63 m) and diverse. Most plant species 
overlap vertically from 0.5 to 5.0 m (De Soyza et al. 1997, 
Manzano 1997) and horizontally average distance between 
shrubby stems is 30 cm while mean crown radius is 47 cm, 
resulting in a mean overlapping radius of 17 cm. Average 
open space between shrub canopies is 10 cm. 
 
Choice of species 
 
The choice of the species was made after careful 
consideration of their adaptability, growth rate, and 
potential use by local people as timber for construction and 
fuelwood. Furthermore, general utility species combine 
adequate shape with structural strength and durability. 
Thus, 12 species selected are native to arid and semi-arid 
zones in Mexico and adjacent USA. Table 1 shows 
information about the name, family and the wood 
characteristics of each species. Moreover, another species, 
L. leucocephala, was also included due to its importance as a 
naturalized species in the region. 
 
Seedling production, plantation and experiment design 
 
Seeds were obtained in 1983 from a cooperation program 
instituted by the Oxford Forestry Institute, UK and collected 
from the semiarid thornscrub of northeastern Mexico in the 
same year. The seed dormancy was broken by seed coat 
scarification with sandpaper (10 min) and germination 
capacity measured according to Janzen (1982). 

Production of seedlings was carried out using plastic bags 
(1/2 L), filled with a mixture of equal parts of sand, vertisol 
and litosol from the region. More than 500 seedlings from 
each of the twelve species were obtained for the 
experiment. Six months later, when the young plants 
reached an average height of 30 cm they were transplanted 
in  plots  of 10 x 10 m under a complete randomized design,  
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Table 1. Characteristics, life form and uses of the 12 woody plant species selected for study 
 

Family Species Characteristics and life form Use 
Caesalpinaceae Parkinsonia aculeate L. Small twisted tree up to 10 m high, and 40 cm 

diameter, spiny branches, foliage with 
transparency, distributed from southeastern U.S. to 
Argentina. 

Forage, Firewood, Post, and 
Charcoal. 

Mimosaceae Acacia berlandieri Spiny shrub (2-5 m), 8-10 cm in diameter invading 
grasses, fuelwood, natural hardness resistant for 
rural wood construction, distributed in 
northeastern and central Mexico. 

Handicrafts Firewood, forage. 

Mimosaceae Acacia farnesiana (L.) 
Willd. 

Shrubs/trees 3-6 (10) m, diameter 10-20 cm, early 
invader of pastures, good natural resistance of 
wood, distributed throughout semi-arid zones of 
Mexico, southern U.S., Central and South America. 

Firewood, wood, charcoal, posts, 
construction, honey (flowers). 

Mimosaceae Acacia rigidula Benth. Shrubs of 1-6 m in height, 6-12 cm in diameter, 
wood's natural resistance is low, distributed in 
northern Mexico and southern Texas, USA. 

Forage, Firewood, Posts for 
Construction. 

Mimosaceae Acacia wrightii Benth. Spiny tree/shrub 6-8 m (12 m), 10-30 cm in 
diameter, distributed in northern Mexico and 
southern Texas, USA. 

Firewood, Charcoal, Handcrafts, 
Food (seeds), wood, forage. 

Mimosaceae Ebenopsis ebano (Berl.) 
Barneby 

Tree 4-10 (15) m, 50 (120) cm diameter, hardwood, 
dark with a very good natural resistance. 
Distributed in northern Mexico, southwestern 
Texas, in the lowlands. 

Posts, Firewood, Charcoal, Wood 
(furniture), shade for animal 
protection, Food (fruit & pods). 

Mimosaceae Havardia pallens 
(Benth.) Britton & Rose. 

Spiny shrub 3-5 (8) m, dense wood, low natural 
resistance. Distribution north and northeastern 
Mexico and southern Texas. 

Firewood, construction and 
manufacture of furniture. 

Mimosaceae Leucaena leucocephala 
Lam. de Wit. 

Native from Yucatan Peninsula, 5-8 (10) m thick, 
half dense wood, average natural resistance. It is 
distributed in southern Mexico and Central 
America. 

Firewood, charcoal, shelves, rural 
constructions, windbreakers, 
green manure, nitrogen-fixing. 

Mimosaceae Leucaena pulverulenta 
(Schlecht.) Benth. 

Tree 18 m tall and 50-70 cm diameter, gray trunk 
with vertical slits, 30 cm leaves, 10- 20 pairs of 
leaflets. Distributed in northeastern Mexico. 

Wood, timber, poles, paper pulp, 
dried seeds for feed, forage (pods 
& leaves). 

Mimosaceae Prosopis glandulosa 
Torr. 

Tree 4-15 m (20 m) and 30- 120 cm diameter, 
distributed in northern, northeastern Mexico and 
southern Texas, USA. 

Compact wood, crafts, charcoal, 
forage,tools, honey (flowers), 
rural constructions, 

Mimosaceae Prosopis laevigata 
(Humb. et Bonpl.) M.C. 
Johnst. 

Tree 5-10 (15) m, 50 (80) cm diameter, dense wood 
with a high natural resistance, distributed in 
northeastern Mexico and southern Texas. 

Firewood, agricultural 
implements. Poles, shelves, wood, 
charcoal, forage (pods) 
construction, shade for edible 
pastures. 

Rutaceae Helietta parvifolia 
(Gray.) Benth. 

Large shrub or small tree 2-10 (12) m, early invader 
in calcareous soils, deep root system with very high 
natural resistance of wood, is distributed in 
northeastern Mexico and Texas, USA. 

Poles, shelves, wood, Charcoal, 
medicinal. 

 

*Sources: Brewbaker (1987), CATIE (1986), Hormazabal (1986), Hughes (1993), Niembro (1990), and Velazco et al (2011). 

 
 
 
with four replicates per species since the area and the 
forest stand were homogenous. Each plot contained 25 
plants planted in 2 x 2 m spacing (2,500 plants ha-1) in June 
1984 with a space of 2 m between plots and with a bushy 
strip as protection around the whole experiment area 
(Underwood 2004). Only 16 trees species-1, taken from the 
internal rows in each plot, were used for analysis. 

The experiment was evaluated on the basis of 
measurements of the following variables: survival, height 

increment (using a height pole), basal diameter (at 10 cm 
above the ground, using a diameter tape), fuelwood volume 
(V), and crown surface area (C) which was determined by 
projecting the edges of the crown to the ground and 
measuring the length from edge to edge through the crown 
center along the North-South axis (D1) and East-West axis 
(D2) to enter the obtained values in the formula C = [(D1 + 
D2)/4]2∗π(Mueller-Dombois and Ellinberg 1974). These 
parameters  (except  fuelwood   volume)    were    measured  
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Table 2. Survival (% in base of the number of plants species-1 starting the experiment) of 12 tree species under 
plantation conditions in Northeastern Mexico 

 
 Years after plantation MAMR* 
Species 1 5 10 15 20 (%) 
Acacia berlandieri 96 92 91 89 88 0.60 
Acacia farnesiana 97 93 92 91 89 0.54 
Acacia rigidula 96 90 88 87 86 0.70 
Acacia wrightii 95 91 90 89 88 0.60 
Ebenopsis ebano 100 98 96 95 94 0.30 
Havardia pallens 98 96 95 93 92 0.40 
Helietta parvifolia 66 57 55 53 50 2.50 
Leucaena leucocephala 100 88 87 85 83 0.85 
Leucaena pulverulenta 97 92 90 86 83 0.85 
Parkinsonia aculeata 99 96 94 93 92 0.40 
Prosopis glandulosa 80 74 73 73 73 1.35 
Prosopis laevigata 82 78 76 72 69 1.55 

 

* MAMR= Mean annual mortality rate 

 
 
 
every five years. The fuelwood volume was determined at 
15 and 20 years after plantation based on each yield plant-1 

species-1 (standing without cutting the tree) taking into 
account all of those trunks with a length of 1.8 m or higher 
and 0.1 m or higher in diameter in both upper and lower 
extremes, as it is considered a suitable commercial size for 
fuelwood or constructions in the rural area. This volume 
was calculated using the Smalian equation, with a 0.6 of 
morphic coefficient factor (Meskimen and Franklin 1979): 

V=[(D1/2)2 x π) + (D2/2)2 x π)] /2) x L 
Where D1 and D2 are the diameters of each end (m), and L 

is the length of the section (m).  
The total tree volume ( m3) was calculated based on their 

commercial height and diameters multiplied by the species 
density ha-1. 
 

Statistical analysis 
 

Mean values and standard errors were calculated for each 
species according to Zar (2010).The one way analysis of 
variance (ANOVA) was performed to determine differences 
between the estimated growth and production parameters 
of the species. Simple linear regression models were 
applied to the increment parameters to detect differences 
between crown size means, height and basal diameter. 
Contrast tests were applied to compare the mean values of 
fuelwood production (Hinkelmann and Kempthorne 1994). 
ANOVA and contrast tests were calculated with the 
statistical package SPSS (v. 21.0). Least significant 
differences were calculated at 5% probability level (L.S.D. 
0.05). 
 
 

RESULTS 
 

Survival and adaptation 
 
The  survival  of  each  species  was  evaluated at  the  end of 

each five years starting from 1985. The results indicated 
that almost all experimental species, with the exception of 
Helietta parvifolia (2.5%) and Prosopis species (1.35-
1.55%) showed a minimum mean annual mortality rate 
(0.3-0.8%) after twenty years of establishment, indicating a 
stable predisposition to adaptation despite that different 
degrees of mortality occurred initially in most of the 
species, which can be attributed to: a) faulty plantation; b) 
biotic factors and c) specific climatic factors (Table 2). 

Prosopis species showed to be affected by biotic factors 
mostly when growing away from the protective proximity 
of other native plants. Helietta parvifolia showed the 
highest mean annual mortality rate (2.5%), in comparison 
to E. ebano (0.30%), H. pallens (0.40%) and P. aculeata 
(0.40%), for which the most probable explanation is the 
origin of the plants used. 

The capacity for ready establishment confers to these 
species, especially Acacia species, with 86-89% and 
Leucaena species with 83% of survival, which were the 
most adaptable species assessed. The adaptive and 
aggressive characteristics of these species include deep 
root systems that penetrate the subsoil in search of 
moisture and provide tolerance to the drought conditions 
of the semiarid areas of northeastern Mexico (Maydel 1996; 
Stewart et al. 1992). 
 
Height and diameter growth 
 
Along with survival, a further criterion to evaluate the 
development of woody species for forestry programs is 
height and diameter growth. These parameters are proper 
indicators of the site conditions (soil and climate) although 
they are also dependent on factors such as interspecific 
competition, standard density (spacing) and climatic 
conditions. The latter factor seems to determine the growth 
and development of the evaluated species in northeastern 
Mexico. 
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Table 3. Duncan’s multiple range test for growth in height (m) and mean annual increment (MAI) parameters  
 

Species 
Years after plantation 

MAI (m) 
5 10 15 20 

Leucaena pulverulenta 2.85±0.6A* 4.11±1.2A 7.50±0.8AB 9.49±1.4BC 0.475 
Leucaena leucocephala 2.14±0.8C 3.90±0.9AB 7.83±1.3A 9.78±1.6B 0.489 
Parkinsonia aculeata 2.30±0.6B 4.16±1.3A 7.45±0.9AB 10.23±1.0A 0.512 
Acacia farnesiana 1.45±0.7F 2.05±1.1FG 4.78±0.7DE 7.46±1.2D 0.373 
Havardia pallens 1.27±0.5G 2.23±0.7E 3.94±0.5F 6.16±0.8EF 0.308 
Acacia wrightii 1.11±0.4H 1.98±0.8FGH 3.89±1.1F 5.80±0.6GH 0.290 
Ebenopsis ebano 1.70±0.2E 2.68±0.4D 3.36±0.6G 5.10±0.5IJK 0.255 
Acacia berlandieri 1.08±0.7HI 2.14±1.0EF 3.16±1.3GH 4.88±1.6KL 0.244 
Acacia rigidula 1.28±0.3G 1.89±0.7GHI 2.91±0.9I 4.27±1.1M 0.214 
Helietta parvifolia 1.14±0.9H 2.20±1.1E 3.83±0.6F 5.90±0.8EFG 0.295 
Prosopis glandulosa 1.98±0.6D 3.59±0.5C 5.45±1.7C 7.66±1.2D 0.383 
Prosopis laevigata 2.37±0.8B 3.89±0.6AB 4.85±1.5D 6.81±1.3E 0.341 

 

*Different literals in columns indicate significant differences (P<0.05) ± standard deviation 

 
 

Table 4. Duncan’s multiple range test for basal diameter value (cm) and mean annual increment (MAI) 
parameters  

  

Species 
Years after plantation 

MAI (cm) 
5 10 15 20 

Leucaena pulverulenta 5.7±1.2AB* 8.9±1.8B 11.1±0.7DE 15.8±0.6 CD 0.790 
Leucaena leucocephala 5.9±0.8A 9.8±0.5A 13.8±0.9 A 18.6±0.9 A 0.930 
Parkinsonia aculeata 4.6±1.2CD 8.0±1.7CD 10.3±2.3FG 14.4±1.0DEF 0.720 
Acacia farnesiana 5.8±0.9A 8.9±0.7B 13.6±1.5 A 17.9±2.3 AB 0.895 
Havardia pallens 4.9±0.8C 8.5±1.5BC 12.2±2.4BC 13.7±1.6EF G 0.685 
Acacia wrightii 4.4±1.6CDE 7.9±1.0CDE 10.3±2.4FG 12.8±1.3GH 0.640 
Ebenopsis ebano 4.9±0.3C 7.6±0.8F 11.6±0.4D 15.3±1.0DE 0.765 
Acacia berlandieri 3.6±0.9FGH 6.3±1.8G 9.1±1.1H 12.0±3.1GHI 0.600 
Acacia rigidula 3.5±0.2FGH 5.4±0.7 H 9.0±1.7 H 11.5±0.9HIJ 0.575 
Helietta parvifolia 3.8±0.3F 7.5±0.5F 10.5±0.4DEF 14.8±0.8DE 0.720 
Prosopis glandulosa 4.3±1.6CDE 8.2±2.3CD 12.1±3.6 BC 15.9±1.8 CD 0.795 
Prosopis laevigata 3.5±1.0FGH 7.8±2.8DEF 12.5±3.7 B 16.2±4.0 C 0.810 

 

* Different literals in columns indicate significant differences (P<0.05) ± standard deviation 

 
 

 
In the present investigation the 12 species showed variable 
height and basal diameter increments (BD) during the 
twenty year period of establishment (Tables 3 and 4). 
Leucaena species with an annual rate of 50-70 cm in height 
increase and 0.8-1.0 cm of BD rise showed a remarkable 
and fastest growth rate from the moment of plantation in 
addition to a particularly good drought resistance even 
though individuals of these species were more sensitive to 
low temperatures during winter and at the beginning of the 
growing season. Their sensitivity to low temperatures does 
not limit their use as a forest tree while their rapid growth 
makes it ideal for forestry purposes. 

P. aculeata (51 cm), A. farnesiana, Prosopis species 
(35cm), A. wrightii, H. pallens (30 cm) in height year-1 

showed high growth potential, although less than Leucaena 
species, and did not suffer significant reductions in height 
due to environmental causes. The diameter of P. aculeata 
and A. wrightii increased constantly across each growing 
season so increasing its photosynthetic surface rapidly. A. 

farnesiana and H. pallens showed a similar pattern but in a 
lesser degree. 

H. parvifolia and Prosopis species constitute a special 
group of species. Their growth potential cannot be deduced 
from this experiment because of repeated grazing or 
establishment problems. In those places where Prosopis 
plants were covered with a protecting net from insects and 
rabbits their growth improved satisfactorily. Methods for 
the proper establishment of Prosopis species have to be 
found due to their great economic importance in order to 
exploit their multipurpose characteristics in both the 
United States and Mexico(NAS 1979). 

A. rigidula and A. berlandieri with 21 and 24 cm in height 
year-1 respectively showed the lowest average growth rate 
for the 20 year period. The rest of the species showed an 
intermediate growth rate between these two groups. 
 

Crown development 
 

According    to    Burley  and  Von  Carlowitz (1984), under 
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Table 5. Coefficient of determination (R2) calculated between crown, height and basal diameter after 20 years of the experiment 
 

Species 
R2 between crown and base 

diameter 
Sig. level 

R2 between crown and 
height 

Sig. level 

Leucaena pulverulenta 0.56 ** 0.61 ** 
Leucaena leucocephala 0.68 ** 0.55 ** 
Parkinsonia aculeata 0.71 ** 0.43 * 
Acacia farnesiana 0.58 ** 0.72 *** 
Havardia pallens 0.41 * 0.52 ** 
Acacia wrightii 0.28 NS 0.42 * 
Ebenopsis ebano 0.73 *** 0.65 ** 
Acacia berlandieri 0.29 NS 0.48 * 
Acacia rigidula 0.39 * 0.46 * 
Helietta parvifolia 0.78 ** 0.57 ** 
Prosopis glandulosa 0.62 ** 0.52 ** 
Prosopis laevigata 0.75 *** 0.66 *** 

 

Sig. level =Significance level: *** = p<0.001; ** = p<0.01; * = p<0.05), NS = not significant (p> 0.05).  
 
 
 
normal conditions, wood and firewood volume production 
is a function of height and crown size in arborescent 
dicotyledonous species in which the lateral branches grow 
more quickly than the central apex. This growth habit gives 
rise to a broad disperse canopy, especially in poor or dry 
sites. 

Leucaena, Acacia species and P. aculeata, quickly produce 
a broad crown which promotes their ability to produce a 
large basal diameter. Data suggest that these species are 
more capable to establish properly in cleared sites along 
their natural distribution areas than other native woody 
plants. H. pallens and E. ebano showed a surprising capacity 
for early crown expansion similar to the Acacia species. 
Aggressive crown expansion may inhibit the growth of 
slow-growing valuable wood-producing trees in mixed 
stands if species have heterogeneous growth rates. 

The analysis of the development and environmental 
responses of each tree species using commonly accepted 
criteria such as survivorship and growth in height, 
diameter and projected foliage cover, suggest that each 
species has unique aspects of growth potential. The 
relationship between variables helps to highlight these 
characteristics. In Table 5, two points are remarkable: 
firstly, Leucaena species  (r2= 0.68), P. aculeata (r2=0.71), H. 
parvifolia (r2= 0.78) and Prosopis species (r2= 0.75), showed 
a high correlation between crown, height and basal 
diameter, confirming their great potential for growth and 
biomass production observed both in the field and 
elsewhere. Secondly the high correlation between crown 
and basal diameter for A. farnesiana (r2= 0.58) and E. ebano 
(r2= 0.73) in the period of establishment disappears in the 
following years. This is due to the result of their sudden 
growth in basal diameter, correlated with rapid crown 
expansion compared to A. wrightii (r2= 0.28) and A. 
berlandieri (r2= 0.29). 

Although, not directly comparable with the growth rates 
reported in this paper, the data suggest slow growth rates 

for the native species growing under conditions of inter-
specific competition in the natural community and 
emphasize the high yield of many native species in 
managed plantations. 
 
Fuelwood volume determination 
 
The results of the harvested fuelwood yield volume of the 
planted native species (Table 6) after 20 years of 
establishment indicated a higher production compared to 
yields on native vegetation growing naturally in the field. 
Data on volume indicated that under plantation conditions, 
L. leucocephala and L. pulverulenta demonstrated a high 
production both per hectare and per tree, with a population 
density of 2200 trees ha-1. On the basis of volume plant-1, 
Leucaena species produced only 0.017136 m3, a quantity 
much higher than A. farnesiana (0.013705 m3 plant-1), A. 
wrightii (0.010103 m3 plant-1) and H. pallens (0.008005 m3 
plant-1) among others. Compared with naturally growing 
plants these volume values are noticeably higher than those 
obtained for A. farnesiana ( 010405 m3 plant-1), A. wrightii 
(0.071401 m3 plant-1) and H. pallens (0.007328 m3 plant-1) 

Results indicate that the fuelwood production, even 
during early establishment, is high for most of the 
evaluated species compared to A. berlandieri, A. rigidula and 
H. pallens, thereby indicating a quick growth of these 
species both in height and diameter. It must also be 
mentioned that planting density as well as the number of 
trees (stems) clearly influence the volume and the 
productivity of plants. 
 
 
DISCUSSION 
 
Most of the species employed in this study developed a 
broad disperse canopy, and the stand density varied among 
species as the trees matured. The high  initial  plant  density  
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Table 6. Fuelwood volume production of 12 woody plant species after 20 year of plantation 
 

Species 
 Fuelwood volume (m3) 

Density ha-1 MAVm3 ha-1 
DBH (cm) ha-1 plant-1 

Leucaena pulverulenta 13.91 37.70 0.017136 2200 1.885 
Leucaena leucocephala 16.63 40.10 0.018022 2225 2.005 
Parkinsonia aculeata 12.38 29.36 0.013656 2150 1.468 
Acacia farnesiana 16.06 30.15 0.013705 2200 1.508 
Havardia pallens 12.30 18.81 0.008005 2350 0.941 
Acacia wrightii 11.01 23.49 0.010103 2325 1.175 
Ebenopsis ebano 13.09 32.73 0.025671 1275 1.637 
Acacia berlandieri 10.68 15.06 0.007171 2100 0.753 
Acacia rigidula 9.36 18.92 0.009011 2100 0.946 
Helietta parvifolia 11.94 21.08 0.016533 2300 1.054 
Prosopis glandulosa 13.65 29.46 0.016367 1800 1.473 
Prosopis laevigata 14.22 30.84 0.017877 1725 1.542 

 

MAV = mean annual volume 

 
 
 
(2500 plants ha-1) and the plantation surface available (4 
m2 plant-1) notably influenced the growth in height and 
diameter of all species. Thus, the 12 species showed 
variable height and diameter growth during 20 years of 
development. 

The growth pattern of all species was affected by the low 
rainfall (spring and summer) and high temperatures during 
the establishment phase (1985–1990). Besides, there were 
winter frosts (-8.8°C in winter 1985 and – 8°C in early 
spring 1989) which had negative influence in their growth. 
After the frosts all these species re-sprouted from the 
remaining stumps. 

Acacia species and P. aculeata quickly produce a broad 
crown which promotes their ability to produce a large basal 
diameter. Data suggest that these species are more capable 
to establish properly in cleared sites along their natural 
distribution areas than other native woody plants. H. 
pallens and E. ebano showed a surprising capacity for early 
crown expansion similar to the Acacia species. Aggressive 
crown expansion may inhibit the growth of slow-growing 
valuable wood-producing trees in mixed stands if species 
have heterogeneous growth rates. 

It has been observed that the growth rate of the twelve 
species in plantation is very different from their growth 
rates in their natural communities. Heiseke and 
Foroughbakhch (1985), working on 30 species, obtained a 
mean annual diameter increment of 0.2-0.4 cm year-1 and a 
height increment of 13-24 cm year-1 for woody native 
species living in nature close to plantations. Similar results 
were obtained by Reid et al. (1990) working on nearly 60 
species. 

On the basis of our results on growth and productivity of 
multipurpose plant species, preservation of woody plants is 
a priority issue because of ecological and economic reasons. 
However, this does not appear to be possible in agricultural 
terrains of vertisol although it is feasible on all other 
marginal soil types and slopes (Andrew et al. 1981).Native 

plants in semiarid zones can be managed in a forestry 
perspective (Goor and Barney 1976), especially with regard 
to the re-sprouting characteristics of the species studied. 
However, the improvement of the woody plant with 
introduced species is as important as its enrichment by 
planting and sowing native species. Leucaena species 
occurs naturally in the region, invading slowly from the 
more humid parts of northeastern Mexico. Two relatively 
frost-tolerant and drought-adapted species in this region 
are L. leucocephala and L. pulverulenta. Both species 
produce between 1.89 to 2.60 m3 ha-1 year-1 wood volume 
under plantation conditions in northeastern Mexico, 60% 
can be used as firewood for charcoal production and 40% 
for the elaboration of posts and construction. According to 
Whelan (2001) these species can be planted in strips or 
broad bands and serve as a protein bank for feed and wood 
production. The fuelwood situation in Mexico can be 
improved by planting more trees and improving the 
management practices of the existing forest resources 
(Semana et al. 1977). Acacia berlandieri, A. wrightii, A. 
rigidula and Prosopis glandulosa produce fuelwood with 
short boles, crooked trunk or wood that warps or splits as it 
dries. These features are not as detrimental to fuelwood use 
as to timber production or stem size. In simple cook-stoves, 
for example, branches as small as four or five centimeters in 
diameter may be the ideal size. In concordance with 
Dávalos and Bárcenas (1999), and Sánchez and Febles 
(1999), H. pallens, P. aculeata, Prosopis and Leucaena 
species are the species with the best integrated 
multipurpose characteristics for their hasty growth and 
production of browse, fuelwood and construction materials. 

Due to a combination of selective use of native plants, soil 
and certain ecological factors almost pure patches of A. 
farnesiana, A. berlandieri, A. wrightii and Prosopis species 
have developed in some areas. On these sites fodder 
production is often high and their promotion is 
recommended by  Boyle  and  Bonontawee  (1995). Helietta  
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parvifolia and Prosopis species on calcareous soils forms 
native communities which are heavily harvested for fence 
posts when it reaches 10 cm basal diameter. Its wood is 
mostly preferred by farmers out of 38 species used for this 
purpose and may last 80 years in outdoor constructions 
exposed to weathering (Reid et al. 1990). These last species 
constitute a special group of species. Their growth potential 
cannot be deduced from this experiment because of 
repeated grazing or establishment problems. Methods for 
the proper establishment of H. parvifolia and Prosopis 
species have to be found due to their great economic 
importance in order to exploit their multipurpose 
characteristics in both the United States of America and 
Mexico. According to Stewart et al. (1992) and Maydel 
(1996), their sensitivity to low temperatures does not limit 
their use as a forest tree. Woody species provide many 
other products to local people, for example: a coffee 
substitute is obtained from the toasted seeds of Ebenopsis 
ebano, Havardia pallens, Leucaena species and fruits may be 
cooked as beans when young and soft. 
 
 
CONCLUSIONS 
 
Rehabilitation of marginal lands that have been highly 
degraded, compacted and eroded by inadequate activities is 
a major need for the Tamaulipan thornscrub. Forestry with 
components for pastoral activities could be established on 
less productive soils, especially in places with native 
vegetation under severe pressure due to exploitation of 
wood and overgrazing. In this sense, more than twenty 
years of experience growing native and naturalized species 
for plantation in semiarid zones of northeastern Mexico 
have shown that most of these species were well suited to 
the edaphic and climatic conditions of the region, but 
establishment in an unprotected cleared site was variable 
due to biotic (ants, grasshoppers and jack rabbits) and 
climatic factors. 

Growth rates and wood volume of Leucaena species, P. 
aculeata, A. farnesiana and Prosopis species were clearly 
higher to all other species and showed the highest yield 
under the study conditions; therefore, these species have 
the potentiality to become important for fuelwood and 
forestry activity for the region. Acacia species showed 
characteristics of woody species and a strong capacity for 
precocious canopy expansion. H. pallens and, in a less 
extend, A. berlandieri share similar characteristics. 

E. ebano, H. parvifolia and Prosopis species are exploited 
for multiple purposes in the wild vegetation and should be 
considered for future planting in forestry and silvicultural 
systems. Establishment problems, vegetative and sexual 
reproductive potential and allelopathic characteristics of H. 
parvifolia require detailed studies because this species is an 
important timber resource in the Tamaulipan thornscrub, 
providing the rural community with hard and durable posts 
for  fences  and  construction. All   species  not   affected   by  

 
 
 
 
biotic stresses (Acacia species, Prosopis species, P. aculeata, 
E, ebano, H. pallens) showed good growth in plantation and 
a high potential to use them in diversified silvicultural 
management programs of native areas. There is a great 
interest for a larger use of leguminous trees for wood 
volume, firewood and shade, while reforesting with this 
kind of trees restore soil fertility and bind the soil with 
their roots allowing better water infiltration. 

In general, methods applied in this research gave positive 
results that could be used to develop strategy actions in 
programs of reforestation and rehabilitation of degraded 
ecosystems with proper management plans for timber 
species in order to preserve plant communities of semiarid 
areas of Mexico. 
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