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Abstract
In rural zones of Mexico, the demand for timber and forest product continues to in-
crease. Efforts are being made to meet the demand for timber by raising compensatory 
man-made plantations. Presently, attention is given to growing indigenous premium 
hardwood species. One of the promising indigenous species among various fuelwood 
species is Helietta parvifolia which grows naturally in the dry and sub-tropical zones of 
north-eastern Mexico. It is a premium quality hardwood species and the wood is of high 
density which is used for construction and furniture. This paper describes its structure, 
growth characteristics and the economic yield in north-eastern Mexico. H. parvifolia 
was sampled in seven study sites of native vegetation. The average population density 
was 1210 plants ha-1. Three strata were found: a low stratum along with sub-chaparral 
less than 3 m in height; a chaparral stratum with 3-5 m height (3-6 cm dbh), and a 
third stratum higher than 6 m in height and 7-12 cm in dbh (diameter at breast height). 
The principal component analysis indicated 75% of the biomass as wood product and 
25% as foliage and debris. The economic yield was 1455 fence posts ha-1 with a dbh 
superior than 7 cm, corresponding to an income of USD 1892 ha-1.
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1.  Introduction

The screening of large number of tree species for high biomass 
productivity has arisen directly out of the growing recognition 
by the forestry research community during 1980s in arid zones 
(Foley and Barnard 1984; Gregersen et al., 1989). There has 
been a significant shift in priorities towards concentration 
on non-industrial species grown or managed by farmers for 
such products as fuelwood, poles, animal fodder and house 
fencing. Increase in the yields of these and other products by 
identifying superior genotypes is now a major thrust area of 
research throughout the arid and semi-arid zones (Glover and 
Adams, 1990). 
In view of these facts, rapid deforestation often produces 
landscape-level changes in forest characteristics and structure, 
involving area, distribution, and forest habitat types (Virginia 
et al., 1995). Changes in landscape pattern through fragmenta-
tion or aggregation of natural habitats can alter the pattern of 
abundance of single species and entire communities (Quinn 
and Harrison, 1988; Hughes, 2000). A decrease in the size and 
number of natural habitat patches increases the probability 
of local extirpation and loss of diversity of native species, 
whereas a decline in connectivity between habitat patches can 
negatively affect regional species persistence. Thus, there is 
an empirical justification for managing entire landscape, not 
just individual habitat types, in order to ensure and maintain 
the native plant diversity (Andrean and Angelstam, 1988; 
Malcom et al., 2002). 
The Tamaulipan thornscrub is a low dry forest and shrubland 

complex covering about 20 mha of the Gulf coastal plain in 
north-eastern Mexico and southern Texas, USA. The Tamauli-
pan thornscrub, a matorral type, has been grazed by domestic 
stock for about four centuries and is heavily exploited by sub-
sistence farmers for fuel, timber and other resources (Reid et 
al., 1990). In order to prevent further desertification and sustain 
agricultural, livestock and forestry production, the matorral 
must be conserved, and where necessary, enriched with planting 
of desirable multipurpose trees and shrubs (Foroughbakhch, 
1992; Foroughbakhch et al., 2006, 2007).
Helietta parvifolia (Rutaceae) is a native species of sub-
mountainous matorral of north-eastern Mexico, with a large 
range of the ecological distribution, starting from south-eastern 
Texas, USA, through central parts of Mexico (San Luis Potosí, 
Guanajuato) and concentrating in Nuevo Leon, Tamaulipas and 
part of Coahuila, Mexico. 
H. parvifolia is a shrub with a long irregular crown which is 
open in the dry season and dense in the wet season. It reaches 
a height of 4-6 m (up to 12 m). Its diameter at breast height 
(dbh) ranges from 5.2 to 20 cm depending on the locality. Its 
branches are thin, erect and cylindrically shaped, forming a 
vertical crown. The bark is solid, smooth and dull brown. Its 
orange-brown wood is hard and heavy, with a specific density of 
0.88 g cm3. The leaves are opposite, trifoliate with the terminal 
foliate longer than the two laterals (2-5 x 1-2 cm2). All parts of 
H. parvifolia are highly aromatic. 
Studies on management of H. parvifolia in north-eastern 
Mexico showed that it grows best in gentle slopes and hills up to 
20° with slopes in northern or north-eastern directions (10-30°) 
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and rocky hills of 15 to 70°. The favorable soils for this species 
are dark gray silty-clay vertisols, well drained, with a pH of 7-8 
and a depth of more than 60 cm (Rovalo et al., 1983).
The shrub has a variety of uses, the main one being timber for 
house construction, fence and corral installations for animals 
in the rural areas. Its wood is highly valued for its durability 
and resistance to rotting. Its leaves are used as forage for cattle. 
The deep system of its root makes it an appropriate species for 
erosion control and soil conservation. Furthermore, due to the 
shape of the crown, H. parvifolia can be used as an ornamental 
plant in urban areas (Reid et al., 1989, 1990). H. parvifolia was 
selected for agro-forestry trials on the basis of its ecological im-
portance, uses and preference by the rural population (Stewart 
and Dunsdon 1994; Gonzalez et al., 2005). Knowledge of their 
ecophysiological characteristics would facilitate the selection 
of the species most suitable for silvicultural management under 
specified conditions. In the semi-arid environment of the Gulf 
coastal plain, the water deficit, drought and extreme tempera-
tures frequently limit the growth and productivity. This paper 
aims to provide a synthesis of the results from the evaluation 
of wood and leaf biomass production of H. parvifolia through 
forestry inventory in order to compare the data from seven sites 
of north-eastern Mexico. 

2.  Materials and Methods

2.1. General description of the study area
The study was conducted in the Tamaulipan spiny matorrals 
situated at 35 km south-east of General Teran, Nuevo León, 
Mexico having the coordinates: 25°16´N latitude and 99°21´W 
longitude with an altitude of 200-800 msl. 
The study area has a semi-dry to sub-humid climate with very 
low winter precipitation. It belongs to (A) C (Wo) type with 
two periods of summer rainfall. The long-term mean annual 
precipitation is 800 mm, with two peaks in the spring and 
late summer and drought periods in mid-summer and winter 
(Stienen, 1990). The mean annual temperature is 22.1°C with a 
large difference between winter and summer (abs. Min. 12°C, 
abs. Max. 45°C) and even within the same month. Hail and 
frosts usually occur each year even after the beginning of the 
growing season during February-March. The water budget is 
unbalanced, the ratio of precipitation on free evaporation be-
ing 0.48 and precipitation/potential evaporation 0.62 (Cavazos 
and Molina, 1992). 
The soils of the region are basically rocky of Upper Cretaceous 
lutite or siltstone. The dominant soils are deep, dark grey, 
lime-clay vertisols which are the result of complex processes 
of alluvial and coluvial types. They are characterized for high 
clay and calcium carbonate contents (pH: 7.5-8.5) and relatively 
low in organic matter, phosphorus and nitrogen contents (Navar 
and Bryan, 1994). 
2.2. Sampling, data collection and analysis
In order to determine the plant density, timber and firewood 
volume of H. parvifolia in a representative area of Tamaulipan 
matorral (400 ha) of 5-8 m high, which consists of some 30 
woody species growing in vertisol soil, 7 sites were selected 
with sizes of 2-3 ha each. 

The selection of the sites is based on the height and the slope 
which are considered as factors influencing the density and 
growth of H. parvifolia. Along the length of each site a transect 
was established in a systematic form having 15 plots of 25 
m² (5 x 5 m2) as sample size. We took a uniform sample ac-
cording to Braun-Blanquet (1979), and Muller-Dombois and 
Ellenberg (1974). 
On the basis of the vegetation characteristics and the case of 
determination as well as information records quadrant sampling 
was done. From each plot and site, the number of plants, its total 
height (m), basal diameter (cm), diameter at the breast height 
(cm) and plant canopy projection (m²), and also its importance 
value were recorded. The composition of the species and the 
response among them was determined through application of 
four coefficients which are explained as follows.

For H. parvifolia, in addition to its annual growth, the number 
of stands and the volume of the same (m³ ha-1) in each site were 
determined according to the Smalian formula for all cylindrical 
trunks (Meskimen and Franklin, 1978) as follows.
V = SmXL    o     V = ½ (S1+ S2) x L 
Where V=Volume of the trunk in m³, Sm=Area of central section 
of the log in m², S1=Area in m² at large end of the log, S2=Area 
in m² at small end of the log, and L=Length of the log in m. 
It is considered as commercial trunk as a stand with a mini-
mum length of 1.8 m and a superficial diameter of 7 cm in 
both extremes. 
On the basis of the population density and the calculated com-
mercial stands, the economic return ha-1 from the standpoint of 
the sale of the product was determined taking into account the 
unit price (Mex. $13=USD 1.0) of each stand in the regional 
level multiplied by total number ha-1. 
Data was analyzed statistically (SPSS, vers. 15.0) using a 
simple analysis of variance (one-way) to determine the differ-
ences among sites. One-way ANOVAs were conducted on all 
parameters under study. Mean comparisons for specific groups 
on each site were made using the Tukey test (Zar, 1996). 
The measurement of growth parameters was done once year-1 
during a period of three consecutive years, while the volume 
of the firewood and the number of stands are quantified during 
the second year of the study. 

3.  Results and Discussion 

3.1. Physical structure
The analysis of physical structure reflects the composition of the 
matorral, number of the species and their ecological behavior. 

X100
Number of plots with species

Total number of plots
b)  Relative abundance 
 species-1 (A%) = X100

Number of plants with species
Total number of plants

c)  Relative dominance 
 species-1 (D%) = X100

Canopy area of the species
Total area of canopies

d)  Importance value 
 species-1 (IV%) = 

F%+A%+D%
3

a)  Relative frequency
  species-1 (F%) = 
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The interactions between diverse environmental factors affect 
the survival and growth of every species. Thus the existence 
and development of the diverse plant components of the ma-
torral need to be viewed as the results of a complex process 
or adaptation to the ecological conditions of the environment 
(Muller-Dombois and Ellinberg, 1974). 
In total, 30 woody species are registered from seven sites of 
the study area. The results on the similarity analysis showed a 
clear dominance of H. parvifolia which accounts for 34.16% 
of the important vegetation (Table 1). According to these ob-
servations, H. parvifolia could be considered as the species of 
higher dominance, prevalent in deep rocky soil with inclina-
tion (10-30°), and relatively rich in nutrients with favorable 
water region. 
The competitive capacity of a species and its utility depends 
largely on its height. On the basis of the growth parameters 
and production, H. parvifolia is considered a dominant timber 
plant of economic importance in the region. 
According to Thomas (1989), physical structure analysis 
provides information on the plant composition, number of 
the species and their ecological behavior, i.e. their dynamic 
interaction with the environment. This analysis also generates 
information on parameters such as the density, height and crown 
area, as well as basic data on the evaluation of the usage of 
natural resources. The results on the population density of H. 
parvifolia as a function of different study sites are given in Table 
2. These data demonstrate significant differences (ANOVA, 
p<0.05) among the study sites with a progressive increase in 

the density at higher elevation in each study area. 
To determine the growth parameters, 25 m² plots were 
commonly employed in forests as well as high sub-mountainous 
matorral studies. In each plot, the height, diameter and crown 
growth of all the shrubs and trees were recorded. The increase 
in height and diameter of plants is normally a good index of its 
capacity for successful development, especially in the initial 
establishment phase. When other factors such as the spacing, 
competition, soil quality and climate begin to take effect, the 
absolute importance of the height increment diminishes and 
other criteria need to be evaluated for monitoring the growth. 
The results of plant height and diameter suggest the existence 
of three distinct strata on the basis of the mean of these two 
parameters as a lower stratum between 0.1-3 m height without 
dbh, an intermediate stratum of 3-5 m tall with 3-6 cm dbh, 
and a higher stratum of over 7 m height with dbh between 
7-12 cm. 
One-way analysis of variance showed significant differences 
between the heights (F test=3.87, p<0.01) and dbh (F test=2.64, 
p<0.05) among the plants and sites. Mean diameter was es-
sentially more constant ranging from 7.1 cm (200-500 msl) to 
8.6 cm (800 msl). 
H. parvifolia with a low growth rate of 0.4 cm year-1 in dbh 
and 13-24 cm in height is not an adequate species to be used 
in mixed plantations, because a species with a rapid rate of 
growth can become dominant when different species in the 
mixture have different rates of growth. 
Under normal conditions, wood production is a function of the 

Table 1: Importance value of principal woody species in the Tamaulipan matorral of  north-eastern Mexico
Species F% A% D% IV% Stratum

Helietta parvifolia (Gray.) Benth. 34.9 36.1 31.5 34.16 High
Pithecellobium pallens (Benth.) Standl. 14.3 16.8 12.7 14.60 Medium high

Gochnatia hyperlauca (D.C.) Gray. 6.1 5.4 10.6 7.36 Medium high
Cordia boissieri D.C. 4.7 5.2 9.1 6.33 Medium high

Pistacia texana H.B.K. 3.7 2.2 3.4 3.11 Low
Diospyros texana Scheele. 2.4 3.0 2.9 2.76 High

Eysenhardtia polystachya (Ortega.) Sarg. 2.6 1.7 2.2 2.16 Medium high
Forestiera angustifolia Torr. 1.9 1.7 2.8 2.13 Medium

Diospyros palmeri Eastw. 1.5 2.2 1.9 1.86 High
Zanthoxylum fagara (L.) Sarg 2.2 1.7 1.6 1.83 High

Celtis pallida Torr. 2.0 2.1 1.3 1.80 Medium
Castela Texana (Torr. et Gray) Rose 1.9 2.4 0.8 1.70 Medium low

Condalia hookeri M.C. Johnst. 1.5 1.4 1.2 1.36 High
Leucophyllum frutescens Benth. 1.4 1.6 1.1 1.36 Low

Acacia Berlandieri Benth. 1.2 1.3 15 1.33 Medium
Acacia farnesiana L. Wild 0.8 1.2 1.5 1.26 Medium high

Amyris texana (Buckl.) Wilson 1.5 1.2 1.1 1.20
F%=Relative frecuency, A%=Relative abundance, D%=Relative dominance, IV%=Importance value
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Table 2: Physical structure of H. parvifolia stands in seven permanent sites in the Tamaulipan thornscrub of north-eastern 
Mexico

Site
elevation (msl)

Density
ha-1

Height (m) Dbh (cm) Crown
growth (m2)1 2 3 1 2 3

200 848e 6.6±0.2c 3.9 ±0.3b 1.7±0.6b 7.1±1.3c 3.8±0.3c NM 1.2-13.4
300 916e 5.7±0.4c 4.0±0.5ab 1.9±0.3ab 7.4±0.5b 4.6±0.6a NM 1.5-12.8
400 1003d 6.9±0.2b 3.6±0.7b 2.1±0.6a 7.5±1.9b 4.7±0.1a NM 0.9-13.1
500 1126c 7.0±0.3ab 4.2±0.1a 1.9±0.8ab 7.3±2.3b 4.7±0.9a NM 0.5-11.6
600 1472b 7.2±0.1a 4.3±0.8a 1.6±1.0b 7.2±0.9ab 4.6±0.7a NM 1.1-9.8
700 1576a 7.4±0.7a 3.7±0.3b 2.2±0.6a 8.3±2.6ab 4.2±0.5b NM 0.3-8.5
800 1527a 6.9±0.2b 4.1±0.5a 1.8±0.3b 8.6±1.1a 4.2±0.1b NM 1.3-9.2

Mean 1210 6.8 4.0 1.9 7.6 4.4
*Includes all individuals of different sizes and diameters; 1=Trees with 8-10 m height and 7-12 cm dbh; 2=Trees with 3-5m 
height and 3-6 cm dbh; 3=Trees with 0.1-3.0 m height; NM=Not measured

Table 3: Average dbh, growth height, estimated number of the fence posts and the economic yield of H. parvifolia trees at 
different study sites

Site elevation 
(msl)

Average dbh
as fence 

post
(cm)

Average
stem 

height
(m)

Average volume
(m³)

Average number of
fence posts Income (USD)

Tree-1 ha-1 Tree-1 ha-1 Tree-1 ha-1

200 7.1 6.6 0.008a 7.465e 6.7 1687 11.39 2193
300 7.4 5.7 0.0085a 7.894d 6.3 1565 10.71 2034
400 7.5 6.9 0.0089a 8.991bc 6.8 1616 11.56 2100
500 7.3 7.0 0.0077c 8.428c 4.6 1246 7.82 1619
600 7.2 7.2 0.0075c 9.024b 4.2 1486 7.14 1931
70 8.3 7.4 0.0081b 10.164a 5.4 1348 9.18 1752
800 8.6 6.9 0.0072d 10.234a 4.6 1242 7.82 1614

Mean 7.63 6.81 0.0081 8.886 5.5 1455 9.66 1892

crown size in the arborescent dicotyledons in which the lateral 
branches grow more quickly than the central apex. This growth 
habitat gives rise to a broad dispersed canopy, especially in poor 
or dry sites (Daniels et al., 1979; Stienen, 1990). 
Crown growth is significantly different among sites. It cor-
relates inversely with height and dbh growth. The canopy 
projection showed an inverse relationship with the elevation 
and plant height. 
The analysis of the development and environmental response 
of H. parvifolia using commonly accepted criteria such as the 
survival and growth in height, diameter and projected foliage 
cover, suggests that H. parvifolia has the different aspects of 
the growth potential as compared with other firewood species 
of matorral. 
3.2. Wood volume determination 
The wood resource in the developing countries can be im-
proved by planting more trees and by better management of 
the existing forests.  
To quantify wood volume, data on height and dbh on all primary 

and secondary trunks of all plants study site-1 was taken. Stand 
refers to all trunks between 1.7 -2.0 m height and dbh of more 
than 8 cm. Wood (volume) is classified as any woody branch 
with thickness of more than 3 cm (3-7 cm). 
Table 3 shows how trees with diameter between 8 and 12 cm 
have an estimated volume of 10.234 m³ ha-1, which is the most 
recommended size to begin harvesting of the trees (25-30 
years). Based on the results, each plant commonly produces 
2-3 principal trunks (primary) and 4-6 secondary stems. One 
hectare of H. parvifolia produces approximately 1455 primary 
trunks, corresponding to an income of USD 1892 (USD 966 
tree-1) which is considered as a very good production of wood 
ha-1. Adding the incomes from the sale of firewood and other 
products (forage), we find a net income ha-1 of USD 1980 for 
the study sites. 
The results of Table 2 and 3 indicate a highly positive correla-
tion among the population density and the elevation of study 
site (r=0.95 and p=0.001). Greater number of seedlings were 
observed in sites with elevation of 600-800 msl result ing from 
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the natural regeneration as compared to the plain sites. Never-
theless, this relation changes inversely with the volume of the 
wood ha-1 (r=-0.76 and p=0.04) and the number of fence posts 
(r=-0.81 and p=0.02) as a function of the elevation. On the other 
hand, the sites with lower density present highly developed 
plants with a higher production of wood and fence posts. 

4.  Conclusion

There is no control or evaluation to determine how many trees 
can be cut and, how many young trees should be planted cut-1 
tree. Proper management of the vegetation is needed, as this 
approach will aid in the sustained and rational management of 
H. parvifolia. In this context, we must involve other species of 
rapid growth and commercial value, in order to prevent damage 
both to the ecological balance and to the economic activity in 
these areas where H. parvifolia plays a decisive role with the 
probable negative impact on the economic status of many fami-
lies which depend on the products of this dwindling species. 
From the ecological as well as management perspectives, an 
important observation that emerges from this investigation is 
that the Tamaulipan matorral of north-eastern Mexico has been 
extremely dynamic. This suggests that attempts to preserve the 
stand structure at this stage may not be an appropriate or practi-
cal conservation objective. Rather, priority should perhaps be 
placed on protecting a sufficient range of the community types 
so that the disturbance of any particular site may be considered 
acceptable as a functional process in the preservation of the 
natural area. 
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