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SUMMARY

In rural zones of Mexico the demand for timber and forest
products continues to increase. Efforts are being made to meet
the demand for timber by raising compensatory man-made plan-
tations. At present, attention is given to growing indigenous pre-
mium quality hardwood species. One of the promising indigenous
species among various fuelwood species is Helietta parvifolia
(Rutaceae), which occurs naturally in the dry and subtropical
zones of northeastern Mexico. This paper describes its structure,
growth characteristics and economic yield in northeastern Mex-

ico. H. parvifolia was sampled in seven study sites of native veg-
etation. The average population density was 1210 plants per ha.
Three strata were found: a low stratum along with subchaparral
less than 3m in height and a DBH (diameter at breast height)
less than 3cm; a chaparral stratum with 3-5m height (3-6cm
DBH) and a third stratum higher than 6m in height and 7-12cm
in DBH. The economic yield was 1455 fence posts per ha, with
a DBH superior to 7cm, corresponding to an income of US$
1892 per ha.

STRUCTURAL ANALYSIS AND PERFORMANCE OF Helietta parvifolia

(GRAY) BENTH. IN SOUTHEASTERN NUEVO LEON, MEXICO

Rahim Foroughbakhch, Marco A. Alvarado-Vázquez, Adriana Núñez-González,
Jorge Hernández-Piñero and Alejandra Rocha-Estrada

Introduction

The screening of large
numbers of shrub and tree
species for high biomass pro-
ductivity has arisen di-
rectly out of the growing rec-
ognition by the forestry re-
search community during the
1980s concerning arid zones
and rural economies (Foley
and Barnard, 1984; Gregersen
et al., 1989). There has been
a significant shift in priorities
toward concentration on non-

industrial species grown or
managed by farmers for prod-
ucts such as fuelwood, posts,
animal fodder and house
fencing. An increase in the
yields of these and other
products through the identifi-
cation of superior genetic ma-
terial is now a major research
subject throughout arid and
semiarid zones (Glover and
Adams, 1990).

The timber situation in de-
veloping countries can be im-
proved by planting more trees

and by better management of
the existing forest resources.

The tamaulipan thornscrub,
a matorral type, is a low dry
forest and shrubland complex
covering about 20 million ha
of the Gulf coastal plain in
northeastern Mexico and
southern Texas, USA. The
tamaulipan thornscrub has
been grazed by domestic live-
stock for about four centuries
and is heavily exploited by
subsistence farmers for fuel,
timber and other resources
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(Reid et al., 1990a). In order
to prevent further desertifica-
tion and sustain agriculture,
livestock and forestry produc-
tion, the matorral must be
conserved and, where neces-
sary, enriched with planting
of desirable multipurpose
trees and shrubs (Foroughba-
khch, 1992).

Native shrubs and trees as
Helietta, Prosopis, Pithecello-
bium and Acacia have been
selected for agroforestry trials
on the basis of the products
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H. parvifolia fue muestreada en 7 sitios de estudio dentro de la
vegetación nativa. La densidad poblacional promedio fue de
1210 plantas por ha. Tres estratos fueron determinados: un es-
trato bajo con subchaparral de menos de 3m de altura y un
DAP (diámetro a la altura del pecho) menor a 3cm, un segundo
estrato de 3-5m de altura y 3-6cm de DAP, y un tercer estrato
con una altura superior a 6m y un DAP entre 7 y 12cm. El ren-
dimiento de madera fue de 1455 postes por ha, con una altura
superior a 1,8m y un DAP superior o igual a 7cm, correspon-
diendo a un rendimiento económico de US$ 1892 por ha.

RESUMEN

En las zonas rurales de México la demanda de leña como
combustible y madera para construcción ha tenido un aumento
considerable. Actualmente, las especies indígenas con madera de
alta resistencia son las de mayor interés. Entre las especies na-
tivas promisorias, de las numerosas especies leñosas de zonas
áridas y semiáridas del noreste de México, se encuentra Helietta
parvifolia (Rutaceae), la cual es una especie de alta calidad y
densidad de madera. El presente trabajo describe la estructura
de esta especie del matorral, así como los parámetros de creci-
miento y rendimiento de H. parvifolia en el noreste de México.
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RESUMO

Nas zonas rurais do México, a demanda de lenha como
combustível e madeira para construção tem tido um aumento
considerável. Atualmente, as espécies indígenas com madeira de
alta resistência são as de maior interesse. Entre as espécies na-
tivas provisórias, das numerosas espécies lenhosas de zonas ári-
das e semiáridas do nordeste do México, se encontra Helietta
parvifolia (Rutáceas), a qual é uma espécie de alta qualidade e
densidade de madeira. O presente trabalho descreve a estrutura
desta espécie do mato, assim como os parâmetros de crescimen-
to e rendimento de H. parvifolia no nordeste do México. H.

parvifolia foi amostrada em 7 sítios de estudo dentro da vegeta-
ção nativa. A densidade populacional em média foi de 1210
plantas ha-1. Três estratos foram determinados: um estrato baixo
com sobreiral (subchaparral) de menos de 3 m de altura e um
DAP (Diâmetro da altura do peito) menor a 3 cm, um segundo
estrato de 3-5 m de altura e 3-6 cm de DAP, e um terceiro es-
trato com uma altura superior a 6 m e um DAP entre 7-12 cm.
O rendimento da madeira foi de 1455 postes ha-1 com uma altu-
ra superior a 1.8 m e um DAP superior ou igual a 7 cm,
correspondendo a um rendimento econômico de US $ 1892 ha-1.

which they provide and their
expected productivity (Stewart
and Dunsdon, 1994). Knowl-
edge of their ecophysiological
characteristics would facilitate
the selection of the species
most suitable for silvicultural
management under specific
conditions. In the semiarid
environment of the Gulf
coastal plain, the water defi-
cit, drought and extreme tem-
perature frequencies limit the
growth and productivity.

Helietta parvifolia (Ruta-
ceae) is a perennial shrub or
small tree 6m in height, with
a thin trunk 15-20cm in di-
ameter and thin brown scaly
bark. It has 3 opposite ovoid
1-5cm leaflets, sessile or al-
most sessile. Flowers are
white, perfect and small in
terminal panicles, 3-4 sta-
mens, fruit about 6-8mm
(Standley, 1920, Martínez,
1979, Correll and Johnston,
1970). It is native to north-
eastern Mexico, ranging from
southeastern Texas through
central Mexico, e.g., San Luis
Potosi, Guanajuato, yet con-
centrated in Nuevo Leon,
Tamaulipas and parts of
Coahuila. Studies on manage-
ment of H. parvifolia in
northeastern Mexico show
that it grows best in gentle
slopes and on hills with up to
20° slopes in northern or
northeastern directions (10-
30°) and on rocky hills of 15
to 70°. The favorable soils for
this specie are well drained
dark gray silty-clay vertisols,
with pH 7-8 and a depth of
more than 60cm (Rovalo et
al., 1983).

This shrub has a variety of
uses, the main one being tim-
ber for housing construction,

fences and corrals for animals
in rural areas. Its wood is
highly valued for its durabil-
ity and resistance to rotting.
The leaves are used as forage
for cattle. The deep root sys-
tem makes it an appropriate
species for erosion control
and soil conservation. Further-
more, due to the shape of the
crown, H. parvifolia can be
used as an ornamental plant
in urban areas (Reid et al.,
1989).

This study of H. parvifolia
is devoted to improving
knowledge of the structure of
the vegetation regarding the
development of the physical
characters like height, diam-
eter, canopy and biomass in
relation to its potential use as
a source of wood.

Material and Methods

Study area

The study was conducted
in the tamaulipan thornscrub,
situated at 35km southeast of
General Teran, Nuevo Leon,
Mexico, 25°16’N and
99°21’W, with an altitude of
200-800m.

The study area has a
semidry to subhumid climate
with very low winter precipi-
tation. It belongs to (A)C(Wo)
type, with two periods of
summer rainfall. The long-
term mean annual precipita-
tion is 800mm, with two
peaks in the spring and late
summer and drought periods
in midsummer and winter
(Stienen, 1990). The mean
annual temperature is 22.1°C
with a large difference be-
tween winter and summer
(Min. 12°C, Max. 45°C) and

even within the same month.
Hail and frost usually occur
each year, sometimes even af-
ter the beginning of the grow-
ing season in February-
March. The water budget is
unbalanced, the ratio of pre-
cipitation on free evaporation
being 0.48 and precipitation/
potential evaporation 0.62.

The soils of the region are
basically a rocky substrate of
Upper Cretaceous lutite or
siltstone. The dominant soils
are deep, dark grey, lime-clay
vertisols, which are the result
of complex processes of
aluvial and coluvial types.
They are characterized for
high clay and calcium carbon-
ate content (pH 7.5-8.5) and
relatively low in organic mat-
ter, phosphorus and nitrogen.

Methods

In order to determine the
plant density, timber and fire-
wood volume of H. parvifolia
in a representative area of
tamaulipan thornscrub (400ha)
of 5-8m height, which consists
of some 30 woody species
growing in vertisol soil, 7 sites
ranging in size from 2-3ha
each were selected. The selec-
tion of the sites is based on
the height and the slope which
are considered as factors influ-
encing the density and growth
of H. parvifolia. The length of
each site a transect was estab-
lished in a systematic form
having 15 plots of 25 m2

(5x5m) as sample size. We
took uniform samples accord-
ing to Braun-Blanquet (1979)
and Mueller-Dombois and
Ellenberg (1974).

To determine the height, di-
ameter and plant canopy pa-

rameters, we used 25m2 plots
commonly employed in for-
ests as well as high submoun-
tainous matorrals studies
(Goor and Barney, 1976).

On the basis of the vegeta-
tion characteristics and the
case of determination as well
as information records, qua-
dratic samples were taken.
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) were recorded,
and its importance value reg-
istered.

The wood volume (m3·ha-1)
for H. parvifolia was deter-
mined in each site according
to the Smalian formula for all
cylindrical trunks (Meskimen
and Franklin, 1978). We con-
sidered as commercial trunk
stand any stand with a mini-
mum length of 1.8m and a
superficial diameter of 7cm in
both extremes.

On the basis of the popula-
tion density and the calcu-
lated commercial stands, we
determined the economic re-
turn per ha from the stand-
point of the sale of the prod-
uct, taking into account the
unit price (Mex.$10 = US$1)
of each stand in the regional
level multiplied by total num-
ber per ha.

Data were analyzed statisti-
cally (Statgraphics 6.0) using
one way analysis of variance
to determine the differences
among sites. Means compari-
sons for specific groups on
each site were made using the
Tukey test (Zar, 1996).

The measurement of growth
parameters (height and diam-
eter) was done once per year
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during a period of three con-
secutive years, while the vol-
ume of the firewood and the
number of stands were quan-
tified during the second year
of the study.

Results and Discussion

Physical structure

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 I). Accord-
ing to these observations we
could consider H. parvifolia
as the species of higher domi-
nance, prevalent in deep
rocky soil with an inclination
of 10-30°, and relatively rich
in nutrients with a favorable
water regime.

According to Thomas
(1989), physical structure
analysis provides information
on the plant composition,
number of species and their
ecological behavior, i.e. their
dynamic interaction with the
environment. This analysis
also generates information on
parameters such as the den-
sity, 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 II. These data dem-
onstrate significant differences
(ANOVA, p<0.05) among the
study sites, demonstrating a
progressive increase in the
density at higher elevation in
each study area.

 The results of plant
heights and diameters suggest
the existence of three distinct
strata on the basis of the
mean of these two param-
eters, as follows: a) a lower
stratum 0.1-3m height (DBH
<3cm), b) an intermediate
stratum 3-5m tall and 3-6cm
DBH, and c) a higher stratum
with heights over 7m and
DBH between 7-12cm.

One way analysis of vari-
ance showed significant dif-
ferences 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 essen-
tially more constant than
height ranging from 7.1cm for
the sites of 200 to 500m, to
8.6cm for 800m.

H. parvifolia with a low
growth rate of 0.4cm per year
in DBH and 13-24cm in height
(Foroughbakhch and Heiseke,
1990) is not a desirable species
to be used in mixed planta-
tions, because a species with a
rapid rate of growth can be-
come dominant when different
species in the mixture have dif-
ferent rates of growth.

Under normal conditions,
wood production is a function
of the crown size in the ar-
borescent dicotyledons in
which the lateral branches
grow more quickly than the
central apex. This growth
habit gives rise to a broadly
dispersed canopy, especially

in poor or dry sites (Daniels
et al., 1979).

The analysis of the devel-
opment and environmental re-
sponses of H. parvifolia using
commonly accepted criteria
such as the survival and
growth in height, diameter
and projected foliage cover,
suggest that H. parvifolia has
different growth characteris-
tics as compared with other
firewood species of matorral
(Reid et al., 1990b).

In the accounting of bio-
mass, trunks and woody
branches are the principal
components (Table III). Bio-
mass shows a differential be-
havior among the sites that
were sampled, as trunks,
branches and total biomass
were greater at an elevation
of 400m, although the foliage
was greater at 300m. Thus,
the biomass diminished sig-
nificantly above and below
300-400m.

Wood volume determination

To quantify wood volume,
data on height and DBH on
all primary and secondary
trunks of all plants per study
site were taken. Stand refers
to all trunks between 1.7-
2.0m height and DBH >8cm.
Wood (volume) is classified
as any woody branch with
thickness of more than 3cm
(3-7cm). Table III  shows
how shrubs with diameters
between 8 and 12cm have
an estimated volume of
10234m3·ha-1, which is the
most recommended size to
begin harvesting the shrubs
(25-30 years) as given in
Reid et al. (1990a). H. par-
vifolia  wood volume can
reach up to 13 m3·ha-1.

Based on the results, in
general terms, each plant pro-
duces 2-3 principal trunks
(primary) and 4-6 secondary
stems. One ha of H. parvifo-

TABLE I
PHYSICAL STRUCTURE OF SOME TREE SPECIES IN THE HIGH STRATUM OF

MATORRAL IN NORTH-EASTERN MEXICO

Species Relative
frequency %

Relative
abundance %

0.8
1.4
5.2
2.2
3.0
1.7
5.4

36.1
16.8

0.7

0.7
1.5
4.7
1.5
2.4
2.6
6.1

34.9
14.3

1.2

Relative
density %

1.2
1.2
9.1
1.9
2.9
2.2

10.6
31.5
12.7

0.6

0.90
1.36
6.33
1.86
2.76
2.16
7.36

34.16
14.60

0.83

Importance
value %

Bumelia celastrina (Michx.) Pers.
Condalia hookeri M.C. Johnst.
Cordia boissieri D.C.
Diospyros palmeri Eastw.
Diospyros texana Scheele
Eysenhardtia polystachya (Ortega) Sarg.
Gochnatia hypoleuca (DC.) Gray
Helietta parvifolia (Gray) Benth.
Pithecellobium pallens (Benth.) Standl.
Zanthoxylum fagara (L.) Sarg.

TABLE II
PHYSICAL STRUCTURE OF H. parvifolia STANDS IN SEVEN PERMANENT SITES IN

THE TAMAULIPAN THORNSCRUB OF NORTHEASTERN MEXICO

Site Density Height (m) DBH (cm) Plant Canopy (m2)
Elevation per ha H M H M H M
(m)

200 848e 6.6 ±0.2c 3.9 ±0.3b 7.1 ±1.3bc 3.8 ±0.3c 14.1 ±1.1 ab 6.4 ±0.9 b

300 916e 5.7 ±0.4c 4.0 ±0.5ab 7.4 ±0.5b 4.6 ±0.6a 14.8 ±0.6 a 7.8 ±1.2 a

400 1003d 6.9 ±0.2b 3.6 ±0.7b 7.5 ±1.9b 4.7 ±0.1a 13.6 ±1.4 b 8.2 ±0.8 a

500 1126c 7.0 ±0.3ab 4.2 ±0.1a 7.3 ±2.3b 4.7 ±0.9a 12.6 ±1.3 c 6.7 ±1.5 c

600 1472b 7.2 ±0.1a 4.3 ±0.8a 7.2 ±0.9ab 4.6 ±0.7a 10.8 ±0.7 d 6.1 ±0.9 d

700 1576 ª 7.4 ±0.7a 3.7 ±0.3b 8.3 ±2.6ab 4.2 ±0.5b 8.5 ±1.0 e 7.5 ±1.3 c

800 1527 a 6.9 ±0.2b 4.1 ±0.5a 8.6 ±1.1a 4.2 ±0.1b 9.4 ±0.2 de 4.8 ±0.5 e

Mean 1210 6.8 4.0 7.6 4.4 10.42 6.78

Includes all individuals of following sizes and diameters: H= Plants with 8-10m height and 7-12cm DBH; M= Plants
with 3-5m height and 3-6cm DBH. Different letters in columns indicates significative differences (p<0.05).
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posts (r= -0.81 and p= 0.02)
as a function of the eleva-
tion. On the other hand, the
sites with lower density
present highly developed
plants with a higher produc-
tion of wood and fence
posts.

Conclusions

This study was conducted
in only seven sites of sub-
mountainous matorral with
25-30 woody species, where
H. parvifolia are the dominant
plants. This presents limita-
tions on the interpretation of
the results, especially if it is
desired to extrapolate infer-
ences on the regional or na-
tional scale.

 The elevation and inclina-
tion of the study site has a
notable influence on the
population density and wood
volume per plant. The density
of plants increase with an in-
crease in elevation, but the

volume of wood and the
number of posts present a re-
verse tendency.

There is no control or evalu-
ation to determine how many
plants can be cut and how
many young plants should be
planted per cut shrub. Proper
vegetation management tech-
niques must be employed,
which will aid in the sustained
and rational management of H.
parvifolia. In this context,
other species of rapid growth
and commercial value must be
involved 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 nega-
tive impact on the economic
state of many families who
depend on the products of this
dwindling species.

The soils, slopes and eleva-
tions of sites gradually influ-
enced plant development such
as the number of trunks and

the foliar mass. Foliar bio-
mass production and wood
volume of H. parvifolia is
greatest at 200-500m, having
deep soils with good drainage
(Reid et al., 1987). Rocky
soils that increase with eleva-
tion lower production. The
production of trunks, foliar
biomass, height and diameter
are influenced by elevation.

From the ecological as well
as management perspectives,
the tamaulipan matorral of
northeastern Mexico is ex-
tremely dynamic, suggesting
that attempts to preserve the
stand structure at this stage
may not be an appropriate or
a practical conservation objec-
tive. Rather, priority should be
placed on protecting a suffi-
cient range of community
types, so that the disturbance
of any particular site may be
considered acceptable as a
functional process in the pres-
ervation of the entire natural
area.

TABLE III
DETERMINATION OF BIOMASS* IN DIFFERENT COMPONENTS OF ADULT TREES OF

H. parvifolia

Site Trunks Woody Leaves Dead leaves Total
Elevation branches on soil biomass
(m) per plant

200 12.04 ± 2.46 c 14.80 ± 3.69 c 5.48 ±1.64 c 2.10 ±0.95a 34.42
300 14.31 ± 3.07 b 16.08 ± 1.30 b 6.69 ±0.85 ab 2.49 ±1.10a 39.57
400 16.10 ±10.37 a 18.31 ±12.53 a 7.81 ±4.64 a 1.33 ±1.64bc 44.46
500 13.98 ± 7.25 bc 14.58 ± 3.56 c 7.02 ±2.87 a 1.78 ±1.21b 37.36
600 10.60 ± 2.91 e 11.56 ± 4.69 d 4.68 ±2.18 cd 1.23 ±0.54bc 28.07
700 12.89 ± 8.10 d 12.30 ± 3.87 d 4.11 ±1.05d 0.65 ±0.24d 29.95
800 12.22 ± 3.74 d 10.93 ± 2.87 e 4.02 ±1.81 d 0.85 ±0.83d 28.02
Mean 13.16 14.08 5.68 1.49 34.55

* Average dry weight in kg ±SD. E/plant. n: 10 per elevation.
Different letters in columns indicates significative differences (Tukey, p<0.05).

lia produces approximately
1455 primary trunks, corre-
sponding to an income of
US$ 1892 (US$ 9.66 per
shrub) which is considered a
very good production of
wood per ha in Nuevo Leon,
according to the landowners.
Adding the incomes from the
sale of firewood and other
products (forage), we get a
net income per ha of US$
1980 for the study sites
(Table IV).

On the basis of the growth
parameters and production
(Table IV), H. parvifolia, is
considered a dominant timber
plant of economic importance
in the region. More than three
years of study on physical
structure of the tamaulipan
matorral (Foroughbakhch et
al., 2001) indicated that H.
parvifolia has the highest
yield in this community and
constitutes an important po-
tential source for timber and
fuel wood for the region, pro-
viding the rural community
with hard, durable posts for
fences and construction.

It should be noted that any
evaluation based only on
wood production may give a
misleading impression of the
money value of a species. H.
parvifolia occurs in south
Texas, USA and northeastern
Mexico as scattered plants in
matorral, due to its allelo-
pathic characteristics in the
shrubland, and provides valu-
able forage which is used for
animal feed. Fuelwood is a
by-product of the community
of H. parvifolia in northeast-
ern Mexico. This community
is not well exploited and does
not receive adequate manage-
ment.

A highly positive correla-
tion was found between the
population density and the
elevation of study site (r=
0.95 and p= 0.001). We have
registered a greater number
of seedlings in sites with el-
evations of 600-800m, result-
ing from the natural regen-
eration, as compared to the
plain sites. Nevertheless, this
relation changes inversely
with the volume of the wood
per ha (r= -0.76 and p= 0.04)
and the number of fence

TABLE IV
AVERAGE DBH, GROWTH HEIGHT, ESTIMATED NUMBER OF THE FENCE POSTS AND

THE ECONOMIC YIELD OF H. parvifolia TREES AT DIFFERENT STUDY SITES

Site Average volume (m3) Avg. number of fence posts Income US$
elevation per plant per ha per plant per ha per plant per ha
(m)

200 0.0087a 7.465e 6.7 1687 11.39 2193
300 0.0085a 7.894d 6.3 1565 10.71 2034
400 0.0089a 8.991bc 6.8 1616 11.56 2100
500 0.0077c 8.428c 4.6 1246 7.82 1619
600 0.0075c 9.024b 4.2 1486 7.14 1931
700 0.0081b 10.164a 5.4 1348 9.18 1752
800 0.0072d 10.234a 4.6 1242 7.82 1614
Mean 0.0081 8.886 5.5 1455 9.66 1892

Different letters in columns indicates significative differences (p<0.05)
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