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Abstract

The aim of this work was to conduct a research study of the leaf morphological 
traits of ten woody species that grow and develop in the Tamaulipan Thorn scrub 
Shrub land. Study species were Cordia boissieri, Helietta parvifolia (A.DC.), 
Condalia hookeri (M.C. Johnst.), Diospyros texana (Sheele), Diospyros palmeri 
(Eastw.), Zanthoxylum fagara (L. Sarg.), Sideroxylon celastrinum (Kunth T.D. Penn), 
Karwinskia humboldtiana (Schult. Zucc.), Celtis pallid (Torr.) and Celtis laevigata 
(Willd). Leaf morphological characteristics were leaf fresh weight (g), leaf area 
(cm2), leaf length (cm), leaf width (cm), petiole length (cm), total leaf length (cm), 
leaf dry weight (g), leaf water content (g) and specific leaf area (cm2 g-1).The results 
showed that the species Cordia boissieri got the highest value in all studied variables 
which ranged from 0.4167 g (leaf water content) to 101.4605 cm2 g-1 (specific leaf 
area). In contrast, the species Diospyros texana registered the lowest value in seven 
variables which ranged from 0.0217 (leaf water content) to 3.186 cm (Leaf total 
length. Correlation analysis showed highly significant relationships, both positive 
and negative, among studied leaf traits.
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1.  Introduction

Large variatioan exists in leaf morphology within the population 
of the species. Various studies have demonstrated  significant 
associations  between the variation in leaf morphology and 
specific environmental condition of the plant species (Abrefa 
et al., 2011). Under abiotic stress conditions  the plants alter 
their physiology, morphology and development in response 
to environmental changes. The leaves are important organs 
for photosynthesis and playa n important role for the survival 
and growth of the plants. The leaf form and its structure may 
differ within  a brief  period mainly  during  the morphogenesis 
of the basal primordium, thereby playing its posible role  in 
the difusion reaction  and this may be changed by allometric 
expansion (Xu et al., 2009).  The leaves stand as an interphase 
between the atmosphere and the rest of the plant, thereby 
being responsable to mantain the carbon and water balance. 
At the global level, the chemical, physiological and structural 
variations  explain parallely the distribution of the species, 
thereby, the species variatin is one of the te consequences of 
the adaptation of the plants in macro-environment.

For an example, in a high humid environment the  leaves may 
be finer with higher leaf area compared those in dry and high 

temperature environment. However, it is also confirmed that 
there exists a spectrum of fliar variation within a  determined 
community which may partially explain the coexistence of the 
species in the eco-system (Diaz et al., 1998).

The foliar morphology is basically determined on genetic 
basis but the leaves exposed to intense selection pressure in 
the environments, lead to phenotypic differences in the leaves 
depending on the environment where they  grow and develop, 
thereby leading to a wide range of leaf forms and sizes (Aguiar 
et al., 2000). On the otherhand, the foliar traits determine the 
loss of water and thereby is largely related to water. A high 
specific leaf area  indicate a greater relation between leaf 
surface area and volumen but greater loss of water (Lopez et 
al., 2013). It is documented that the decrease in leaf area reduce 
the transpiration in the leaves exposed to the solar radiation, 
thereby improve water use efficiency. Therefore, the leaves 
with greater biomass unit-1 area is considered more efficient 
both in water and nutrient use  in arid environment. However 
these leaf characteristics might be affected by variations in 
nutrients, and or moisture, light intensity, temperature, altitude, 
concentration of CO2, in the atmosphere, seasonal variation 
and leaf (Navarro, 2004).
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Table 1: Shrub species selected for determination of 
morphological characteristics
Sl. 
no

Scientific name Common name Family

1. Cordia boissieri Anacahuita Boraginaceae
2. Helietta parvifolia Barreta Rutaceae
3. Condalia hookeri Brasil Rhamnaceae
4. Diospyros texana Chapote prieto Ebenaceae
5. Diospyros palmeri Chapote manzano Ebenaceae
6. Zanthoxylum 

fagara
Colima Rutaceae

7. Sideroxylon 
celastrinum

Coma Sapotaceae

8. Karwinskia 
humboldtiana

Coyotillo Rhamnaceae

9. Celtis pallida Granjeno Ulmaceae
10. Celtis laevigata Palo blanco Euphorbia-

ceae

Table 2: Summary of analysis of Kruskal-Wallis for detecting 
significant differences among shrub species for studied leaf 
traits 

Statistical
Leaf characteristics χ2 Value p
Leaf fresh weight 426.43 <0.001
Leaf area 432.93 <0.001
Leaf length 415.65 <0.001
Leaf breadth 431.80 <0.001
Petiole length 462.10 <0.001
Total leaf length 437.78 <0.001
Leaf dry weight 428.71 <0.001
Leaf water content 406.34 <0.001
Specific leaf area 234.12 <0.001

The decrease in leaf area is attributed to change in leaf structure 
or owing to an increase concentrations of nutrients or non- 
carbohydrates in the same, therefore this decrease in leaf area 
is the result of the incapacity of the plant for assigning these 
compounds in its structural growth There after the study on 
leaf area is important (Perez et al., 2004).

In this respect very limited studies have been undertaken in 
Tamaulian Thorn Scrub on leaf traits. The present study was 
undertaken to dtermine the morphological variatios of ten 
species of Tamaulipan Thorn Scrub.

2.  Materials and Methods

The study was undertaken in January and June  2015, in the 
municipality of Linares, Nuevo Leon in Forest Faculty of 
Universidad Autonoma de Nuevo Leon (24°47΄ N; 99°32΄ W). 
The type of climate according to Koppen (1938), modified by 
Arcia (1981), (Gonzalez et al., 2000) present subtropical and 
semiarid condition with hot summer. The average monthly air 
temperatures oscillate between 14.7 °C in January to 3 °C in 
August, although the common temperature in summer is 45 
°C. The average annual precipitation is approximately 805 
mm with a bimodal distribution. Thesoils are deep vertisol 
with brown-dark. The predominant vegetation is Tamaulipan 
Thorn Scrub or subtropical thorn scrub. Soil is vertisol. The 
predominant vegetation is Tamaulipan Thorn Scrub.

2.1.  Selection of  species

According to the values of importance  (economic, ecological, 
ltural, etc.)  10 speciesn of shrubs, 5 individuals species-1 and 10 
leaves from each individual from each species thereby giving 
total of total of 500, Table 1.

2.2.  Determination of morphological characteristics 

For determination of morphological characteristics, the leaves 
were collected from 10 species, 5 individuals from each species 
and 10 leaves from each individual species, tereby collecting 
in total 500 leaves. Meeasurement taken were, length (cm), 
breadth (cm), petiole  length (cm)  manually. The leaf area 
(cm2) was taken with leaf area meter LI-3000, localized in 
chemistry Laboratory of Forest Science Faculty.

2.3.  Statistical analysis

Owing to the fact that the data did not show normal distribution 
nor homogeneity of variance, non-parametric analysis of 
Kruskal-Wallis was utilized to detect significant differences 
among shrub species for each of morphological characters 
studied.

In order to detect the relation among leaf characteristics, the 
correlation of Spearman (Ott, 1995) was utilized. The analysis 
has been carried out using by statistical package SPSS, version 
version 13 released by Windows (SPSS, 2000).

3.  Results and Discussion

The results showed significant differences (p<0.001) among the 
shrub species for each leaf morphological variable evaluated 
(Figure 1a to 1i and Table 2). The present  reveales a wide range 
of inter specific diversity among distinct  leaf characteristics  
which coincides  the observation of (Quero et al., 2009) that 
there exist distinct functional characteristics among the plant 
community.
3.1.  Morphological variables
3.1.1.  Leaf length 

With respect to leaf length, the Celtis pallida showed very low 
value  while  the species Cordia boissieri presented very high 
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value, the values were 2.9 and 9.8 cm, respectively amante. 
It may be inferred that a higher value of leaf area represents 
higher transpiration.

3.1.2.  Leaf breadth

With respect to leaf breadth with greater value was obtained 
in Cordia boissieri with 5.1 cm  and the species with very low 
value  was found in Diospyros texanawith 1.2 cm. The results 
demonstrate that very high value of leaf breadth  indicate 
that the very high value of  was found in oval leaf  and high 
transpirable leaf area. 

3.1.3.  Specific leaf area (cm2 g-1)

1g

1i

1h

Figure 1a to 1i: Morphological leaf characteristics of 10 species 
of Tamaulipan Thorn Scrub, represented graphically, average 
(n=50), standard error ±

With respect specific leaf area, the very high value was 
observed in Condalia hookeri (204.1 cm2 g-1) while the species 
with low value was obtained in Helietta parvifolia p (88.5 cm2 
g-1). The specific leaf area expressses the relative thickness of 
the leaves and is a morphological characteristic, sensitive to 
environments (Santos and Segura, 2005). The specific leaf 
area explain the greater part of variation of growth among 
the species. The especies with rapid growth under optimum 
conditions are those with greater specific leaf area (Poorter and  
Garnier, 1996). The specific leaf leaf area is leaf area its dry-1 
weight. An increase in specific leaf area  that the leaf use low 
biomass unit-1 leaf area.

3.1.4.  Leaf area (cm2)

Th especies Cordia boissieri had  greater leaf area and the 
species with very low value was found in Diospyros texana, 
with the values of 7.9 cm2 and 2.6 cm2, respectively. The lower 
leaf area indicate that it reduces incidence of light in te plant 
crown, depending on the orientation, distribution and leaf 
sizes. In decidous shrubs have rought escape capacity and 
are considered highly adapted to  the conditions of prolonged 
water, the common strategy adapted is the reduction of leaf  
area mainly. by seasonal loss of leaves (Pereira and  Chavez, 
1993).

3.1.5.  Leaf  water content

Diospyros texana showed minimu, moisture content while 
the species Cordia boissieri had greater value; these values 
were 0.02 and 0.41 g, respectively. It may be inferred from 
the results that this species of Tamaulipan Thrn Scrub to 
more tolerant to descication which may be due to to smaler 
microphyls of the leaves. which allow to reduce the high rate of 
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Table 3: Spearman correlation coefficients (n=500) 
Variable V1 V2 V3 V4 V5 V6 V7 V8 V9

V1. Leaf fresh weight 0.948 0.870 0.904 0.751 0.887 0.984 0.981 -0.373
V2. Leaf area <0.001 0.901 0.919 0.672 0.890 0.928 0.934 -0.125
V3. Leaf length <0.001 <0.001 0.774 0.731 0.980 0.861 0.852 -0.160
V4. Leaf breadth <0.001 <0.001 <0.001 0.736 0.809 0.881 0.892 -0.225
V5. Petiole length <0.001 <0.001 <0.001 <0.001 0.842 0.727 0.750 -0.335
V6. Total leaf length <0.001 <0.001 <0.001 <0.001 <0.001 0.876 0.872 -0.220
V7. Leaf dry weight <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.941 -0.448
V8. Water content <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 -0.302
V9. Specific leaf area <0.001 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

transpiration flowlo y por consequently contain higher greater 
moisture content in the leaf tissue which has been documented 
(Gonzalez et al., 2000). Salisbury and  Ross (1994) inferr that 
the reduction of water content is accompamied by the loss of 
turgour and withering, ceasescell expansion, closes stomatas, 
reduces  photosynthesis and the interference of many other 
metabolic processes. It is documented thdecrease in leaf area 
reduce transpiration in the leaves exposed to radiatins, this in 
turn improve water use efficiency (Salisbury and Ross, 1994).

3.1.6.  Petiole length

Th especies Cordia boissieri had greater petiole length with 2.1 
and very low value was observed in Diospyros texana with 0.2 
cm. The greaer value of petiole length  favor greater capture of 
solar radiation, on the contrary in the species with short petiole, 
the leaves receive low quantity of light for photosynthesis.

Total leaf length fluctuated 12.0 y and 3.1 cm, in the species 
Cordia boissieri and Diospyros texana, respectively. The 
higher value of total length indicate tat  that thetranspirable is 
greater, the water content is greater and the capture of solar 
radiation is greater.

3.1.7.  Leaf fresh weight

The species with greater fresh weight was observed in the 
species Cordia boissieri with  0.79 and the species with very 
low value was obtained in Diospyros texana with 0.04 g, 
respectively. The difference of fresh weight between species 
indicate the diferencia water use water, the higher value in the 

species present higher water content ori s related to the depth 
of root system for having higher Access or the availability of 
moisture in the soil profile.

3.1.7.  Leaf dry weight

Th species Condalia hookeri had lower leaf dry weight with 
0.01 and the species Cordia boissieri presented greater value 
with 0.38 g. The leaves with greater quantity of biomass     
unit-1 area is considered more efficient in water use and also 
in nutrieny use. However this may be affected by variations in 
nutrients and or moisture, light intensity. Altitud, atmospheric 
concentrations of CO2, seasonal variations and leaf age 
(Navarro, 2004).

3.2.  Relationships among leaf traits

Correlation: In the Table 3 is shown the correlation coefficients 
(Spearman) and significance value (p<0.001) demonstrating 
that each morphological characteristic is associated with 
others in 10 species studied. The values of correlation showed   
satistically significant positive and significant correlation for 
variables, fresh weight, leaf area, leaf length and total leaf 
length, dry weight, moistue content in the leaf. The values 
fluctuated from 0.672 to 0.984. On the contrary, a statistically 
significant negative correlation  was found between specific 
leaf area with the rest of the variables, the vaies fluctuated 
from  -0.125 to -0.448. The associations among distinct foliar 
traits were observed, although these associations may vary 
in some cases bserved by some authors (Quero et al., 2009; 
Gotsch et al., 2010).

4.  Conclusion
The morphological characteristics of the shrub species 
of Tamaulipan Thorn Scrub studied showed significant 
difference among the speciess (p<0.001), which favor the 
the estabishment of the species in the climatic conditions 
prevalent in the regionIt is observed that there exist positive 
and significant correlations among the variables, fresh weight, 
leaf area, leaf length, leaf breadth, petiolelength, total leaf 

length, dry weight and moisture conent of the leaves on the 
contrary, specific leaf area showed negative correlation with 
all the variables studied.
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