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Plant pigments play an important role in plant assimilatory systems and plant
growth. Large variations were observed in the contents of chlorophyll (a and b, total
chlorophyll) and also in carotenoids among the nine species of trees and shrubs. The
species, Guiacum angustifolium and Diospyros palmeri did not show variation, while
Helietta parviflora and Bernadia myricifolia and Leucophyllum frutescens showed
decrease in chl a content in summer. Ebenopsis ebano, Eysenhardtia polystachya and
Leucaena leucocephala showed increase in chl a during summer, whereas an increase
in chl a content was observed in Bernadia myricifolia and Leucophyllum frutescens
in winter. Helietta parviflora, Guiacum angustifolium, Ebenopsis ebano, Diospyros
palmeri showed decrease in chl b in summer, but Leucophyllum frutescens followed
by Bernardtia myricifolia showed a larger reduction in chl b in summer. The species
Ebenopsis ebano, Diospyros palmeri, Bernardtia myricifolia, Leucophyllum frutescens
showed an increase in chl b content in winter. With respect to carotenoid the species
also showed variable responses in two seasons, winter and summer but Guiacum
angustifolium and Sargentia gregii showed negligible increase, while Ebenopsis ebano,
Diospyros palmeri and Leucaena leucocephala, showed an increase in carotenoid
content in summer, while Helietta parviflora, Bernardtia myricifolia and Leucophyllum
frutescens showed decline in carotenoid in summer. The proportion of chl a/chl b
showed variations in few species except Eysenhardtia polystachya and Bernadtia
myricifolia (vey negligible) but all other species showed an increase. Therefore,
Eysenhardtia polystachya and Bernadtia myricifolia could be considered to be well
adapted in both winter and summer season which needs to be confirmed.

1. Introduction

algae and photosynthetic bacteria, where they also play a role
in photosynthesis. In some non-photosynthetic bacteria, they

Plant pigments play an important role in plant metabolism.
Various leaf pigments such as chlorophyll, carotenoids,
xanthophylls, flavonoids etc., play important roles in the
physiological performance of the plants, which can be
related to varying leaf structural characteristics. Often, the
presence of these acts as indices for protection. Chlorophyll
and carotenoids play an important role in photosynthetic
process in higher plants. They play a vital role in capturing
light energy, which is converted to chemical energy (Britton,
1995). Chlorophyll has capacity in absorbing radiant energy
of sunlight into chemical energy of organic carbon through the
process of photosynthesis (Sims and Ganon, 2002).

Carotenoids are natural fat-soluble pigments found in plants,
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may help in protective functions against damage by light
and oxygen (Biswel, 1995; Gitelson et al., 1999). Animals
appear not to have capacity to synthesize carotenoids and may
incorporate carotenoids from their diets. In animals carotenoids
impart bright coloration and serve as antioxidants and a source
for vitamin A activity (Brotton, 1995). Besides, carotenoids
develop important functions in plant in plant reproduction
through their role in attracting pollinators and seed dispersal
(Yeum and Russel, 2002). Uvaille Saucedo et al. (2008) studied
seasonal trends of chlorophyll a and b and carotenoids in native
shrubs of Northeastern Mexico. They reported that all these
pigments were significantly different between years and also
among species thereby, exhibiting the influence of climates on
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pigment production in plants.

Chlorophyll and carotenoids are responsible to absorb light
energy and transfer it to the photosynthetic apparatus in
chloroplast for the production of photosynthates and finally
to biomass production in plants. Therefore, the estimation of
leaf pigment content serves as a valuable tool to understand the
physiological and biochemical functions of leaves (Sims and
Ganon, 2002). Native shrubs and trees in semiarid region of
Northeastern Mexico serve as important resources for varied
range of ruminants and white tailed deer (Ramirez-Lozano,
2015). They also provide high quality fuel and timber for
fencing and construction (Reid et al., 1990; Fullbright et al.,
1991) but the growth of these species is affected by climatic
conditions probably causing differences in the production
of the photosynthetic pigments. The objective of the present
study is to determine the differential response of few native
trees and shrubs in the pigment contents in winter and summer
seasons.

2. Materials and Methods

This study was undertaken in winter (February, 2015) and
summer (June, 2015) at the experimental station of Facultad
de Ciencias Forestales, Universidad Autonoma de Nuevo Leon,
located in the municipality of Linares (24° 47" N. 99° 32" W),
at elevation of 350 m. The climate is subtropical or semiarid
with warm summer, monthly mean air temperature vary from
14.7 °C inJanuary to 23 °C in August, although during summer
the temperature goes up-to 45 °C. Average annual precipitation
is around 805 mm with a bimodal distribution. The dominant
type of vegetation is the Tamaulipan Thornscrub or subtropical
Thorncrub wood land (SPP-INEGI, 1986). The dominant soil
is deep, dark gray, lime-gray, Vertisol with montmorillonite,
which shrink and swell remarkably in response to change in
moisture content.

The following nine species are included in this study for
analysis of plant pigments (Table 1). Determinations of
pigments were done in two seasons, winter (February, 2015)
and summer (June, 2015) for this study. Four samples of leaf
tissue (1.0 g of fresh weight) of each plant species were used
for analysis. The chlorophyll a and b and carotenoids were
extracted in 80% (v.v) aqueous acetone and vacuum filtered
through a Whatman No.1 filter paper. Pigment measurements
were determined spectrophotometrically using a Perkin-
Elmer Spectrophotometer (Model Lamda 18). Absorbance
of chlorophyll a, Chlorophyll b and carotenoid extracts were
determined at wavelengths of 669, 645 and 470 nm respectively.
Carotenoid (mg g' dry weight) of pigments was calculated by
equations of Lichtenthaler Wellbaum, 1983).

Table 1: Plants under study

Common Scientific name Family Type

name

Barreta Helietta parvifolia  Rutaceae  Arbusto

Chapote Sargentia gregii Rutaceac  Arborea

amarillo

Guayacan Guaiacum Zygophyl-  Arbustiva
angustifolium laceae

ebano Ebenopsis ebano Fabaceac  Arborea

Chapote Diospyros palmeri  Ebenaceae  Arborea

manzano

Leucaena Leucaena Fabaceaec  Arborea
leucocephala

Vara dulce Eysenhardtia Fabaceac  Arbustiva
polystachya

Oreja Bernardia Euphrobi-  Arbustiva

raton myricifolia aceae

Cenizo Leucophyllum Scrophula-  Arbustiva

frutescens riaceae

3. Results and Discussion

In the following figures (Figure 1-6) are depicted the variations
in the contents of different pigments between seasons and
among the species. It is observed that the species studied
showed variable response to seasons with respect to the
contents chlorophyll a except two species. The species,
Guiacum angustifolium and Diospyros palmeri did not show
variation, while Helietta parviflora and Bernadia myricifolia
and Leucophyllum frutescens showed decrease in chl a content
in summer. On the otherhand, Ebenopsis ebano, Eysenhardtia
polystachya and Leucaena Leucocephala showed increase in
chl a during summer, whereas an increase in chl a content was
observed in Bernadia myricifolia and Leucophyllum frutescens
in winter. In winter chl a ranged from around 0.2 mg to 2 mg
while in summer it ranged from around 0.4 mg to 1.8 mg.

With respect to chl b, Sargentia gregii, Leucaena leucocephala
showed negligible variation between seasons. On the other
hand, other species such as Helietta parviflora, Guiacum
angustifolium, Ebenopsis ebano, Diospyros palmeri showed
decrease in chl b in summer, but Leucophyllum frutescens
followed by Bernardtia myricifolia showed a larger reduction
in chl b in summer, while Eysenhardtia polystachya showed
a slight increase in summer. The species Ebenopsis ebano,
Diospyros palmeri, Bernardtia myricifolia, Leucophyllum
frutescens showed an increase in chl b content in winter. In
winter chl b varied from 0.2 to 0.5 mg, while in summer it
varied from 0.1 to 0.4 mg.
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Figure 1-6: Different pigments between seasons and among the species
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With respect to carotenoid the species also showed variable
responses in two seasons, winter and summer but Guiacum
angustifolium and Sargentia gregii showed negligible increase,
while Ebenopsis ebano, Diospyros palmeri and Leucaena
leucocephala, showed an increase in carotenoid content in
summer. On the other hand, Helietta parviflora, Bernardtia
myricifolia and Leucophyllum frutescens showed decline in
carotenoid in summer. The species Bernardtia myricifolia
exhibited a large increase in carotenoid content in winter
compared to other species. In winter season the carotenoid
contents ranged from around 0.3 to 0.5 mg, while in summer
they ranged around 0.2 to 0.4 mg.

The proportion of chl a/chl b showed variations in few species
except Eysenhardtia polystachya and Bernadtia myricifolia
(vey negligible) but all other species showed an increase,
indicating the favourable effect of higher temperature during
summer season. This could have an effect on the physiological
function of the leaf and photosynthesis. Therefore, Eysenhardtia
polystachya and Bernadtia myricifolia could be considered to
be well adapted in both winter and summer season which needs
to be confirmed.

With respect to total chlorophyll (chla+chl b) the species
also showed variable responses. Sargentia greggi, Guiacum
angustifolium, Diospyros palmeri showed negligible
variation, while Ebenopsis ebano, Leucaena leucocephala,
and Eysenhardtia polystachya showed an increase in total
chlorophyll content in summer. On the other hand, Helietta
parviflora, Leucophyllum frutescens, and Bernadtia myricifolia
showed decline in total chlorophyll content in summer and an
increase in winter. In winter, the total chlorophyll ranged from
around 1 mg to about to 2 mg while in summer it ranged from
around 0.5 to more than 2 mg.

Further, it is observe that there is also a large variation among
the species and seasons with respect to the total chlorophyll and
carotenoid ratios. Negligible variation was found in Helietta
parviflora, Leucaena leucocephala, while a higher chlorophyll
to carotenoid ratio was seen in Guaicum angustifolium,
Ebenopsis ebano, Leucophyllum frutescens, Sargentia gregii
and Eysenhardtia polystachya in winter. The species Bernadtia
myricifolia exhibited a higher ratio of total chlorophyll to
carotenoid in summer, indicating its higher efficiency of
photosynthesis and ability to combat high temperature effects.
The efficiency of this species need to be confirmed through
further research findings.

It is observed that in all the variables viz., Chlorophyll a,
Chlorophyll b, Carotenoids, Chlorophyll (a+b) and Chlorophyll
to Carotenoids ratio showed highly significant differences
among the species studied.

In the context of the results, it may be interpreted that the

species showed variations in various pigment contents in both
winter (February, 2015) and Summer (June, 2015). In few of
these tree species the pigment contents remained less stable.
In few other species there was a decline or an increase. These
variations in pigment contents could have direct or indirect
effect on photosynthetic capacity and the productivity of the
species studied which need to be confirmed in future study.
It may be mentioned here that at the time of collection of
leaf samples in February the temperature ranged from 2 to 3
degree, but few species such as Sargentia gregii and Guiacum
angustifolium did not show decline in pigment contents as
mentioned above showing tolerance to cold temperature
(papers in press, [IBSM). Therefore, the climatic conditions
and environments have an influence on pigment contents
and probable photosynthetic capacity. It may be interpreted
that the increase in chl-a in Ebenopsis ebano and Leucaena
leucocephala and an increase in chl b in Eysenhardtia
polystachya could be related to higher photosynthetic capacity
in summer season. Our observations coincide with the findings
of various authors who discussed the role of pigments in plant
metabolism and plant productivity.

The results of the present study reveals that there was a
remarkable variation in chlorophyll a, chlorophyll b, total
chlorophyll and carotenoid contents, chl a/b ratio, total
chlorophyll to carotenoid ratio among the nine species and also
between seasons studied. This finding confirms the importance
of'the species in their capacity in the production of each pigment
to guide the photosynthetic process in leaves and its potential
values which again depends on environmental conditions. Plant
pigments may contribute to the ecosystem productivity, but it
is influenced by drought and extreme temperature prevailing
during winter and summer seasons (Gonzalez et al., 2000).
It is also well known that the productivity of higher plants
is mediated by photosynthesis in leaves and its adaptation
through leaves (Valladares et al., 2000). The present study
also shows the effects of several environmental factors in the
production of plant pigments. It is well documented about the
effects of these environmental factors by different authors
such as high temperature in summer (Valladares et al., 1997;
Gonzalez etal., 2004). Low temperature during winter and high
temperature in summer reduce the pigment production there by
affecting growth of the plant species. Under such conditions the
production of photosynthates may be limited by temperature,
leading to stomatal control and light energy damage. Similar
to our observations in few species, the chlorophyll contents are
affected by unfavourable temperature (Ottander et al., 1995)
and also by the prevailing shade characteristics (Castrillo et
al., 2000). There existed relationship between leaf pigment and
spectral reflectance (Sims and Ganon, 2008). In the present
study few species showed tolerance to low temperature in
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winter and high temperatures in summer showing stability of
the pigment production.

Variations in chlorophyll contents between plants are reported to
be related to leaf developments and senescence (Surfis, 2001).
The chlorophyll content was higher in shade leaves, whereas
carotenoid and non-photochemical quenching increased with
light (Valladares et al., 1997). On the contrary, it has been found
that decreased solar radiation increased chlorophyll content.
The carotenoid components of sunleaves of plants revealed
that sun leaves contained higher amount of components of
xanthophylls cycles (Demning-Adams and Adams, 1992). The
reduction of chlorophyll does not cause an adaptive response
against the adverse condition in summer in Mediterranean
summer which may be applicable in Northeastern Mexico
(Kynerisis, 2000; Valladares et al., 2000). These could be
related to varying leaf structural characteristics indices for the
protection of leaf pigment content. Sims and Ganon (2002)
studied relationship between leaf pigment content and spectral
reflectance. Tatini et al. (2005) reported flavonoid present in
the cuticle; thick cuticle and dense glandular trichomes protect
Ligustrum vulgare at high solar radiation.

Various authors have reported the effects of environments on
leaf pigments contents. Jiang et al. (2006) reported that the
chlorophyll content and photosynthesis in young leaves were
much higher than fully expanded leaves; leaf orientation,
photorespiration and Xanthophyll cycle protect young
seedlings against high irradiation in field. Deming-Adams
and Adams (1992) analyzed carotenoid composition in sun
and shaded plant with different forms. Gufrida et al. (2006)
studied chlorophyll and chlorophyll derived components in
pistachio kernels (Pistacia vera L.) and found 13 compounds.
Gongzalez et al. (2001) studied environmental light effect on leaf
on concentrations of photosynthetic pigments and chlorophyll
fluorescence of Mahogany (Switinnia macrophylla Kung) and
Tonka bean (Dipteroryx odorata). Chlorophyll contents were
higher in shade leaves than in sun leaves. Kyparisis et al. (2006)
reported seasonal fluctuations in photoprotective (xanthophylls
cycle) and photoprotective (chlorophyll) capacity in eight
Mediterranean plant species belonging to two different growth
forms. Jeon et al. (2006) reported the effect of temperature on
photosynthetic pigments, morphology and leaf gas exchange
during ex vitro accumulation of micropropagated CAM.

4. Conclusion

The contribution of pigments and the role of climate on
the physiological functions of leaf and its photosynthesis is
well documented. The present study also shows the effects
of several environmental factors in the production of plant
pigments. There was a remarkable variation in chlorophyll

a, chlorophyll b, total chlorophyll and carotenoid contents,
chl a/b ratio, total chlorophyll to carotenoid ratio among the
nine species and also between seasons studied. This finding
confirms the importance of the species in their capacity in
the production of each pigment to guide the photosynthetic
process in leaves and its potential values which again depends
on environmental conditions
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