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Abstract

Plant pigments play an importargle in plant assimilatory systems and plant growth. A study was undertaken to
determine chlorophyll a, chlorophyll b and carotenoids contents of thirty seven species of trees and shrubs in summer
season, in Linares, northeastern Mexicarge variations wre observed in the contents of chlorophyll (a, b and total) and
also carotenoids among species. Chorophyll a was minimum (around 0.6 re)caphyllum frutescens and Acacia
berlandieri and maximum (1.8 mg) ibenopsis ebano. Chlorophyll b was minimumni Forestiera angustifolia, Acacia
berlandieri, and Leucophyllum frutescens (0.1 to 0.2 mg), whileEbenopsis ebano contained maximum (0.4 mg).
Carotenoids content was minimum (around 0.2 mg).encophyllum frutescens, Acacia berlandieri and Parkinsonia
aculeata and others but maximum value (around 0.6 mg) was obsenBstthieris trifoliata. Total chlorophyll (a+b) content
minimum values (around 0.6 mg) were recordebencophyllum frutescens, Forestiera angustifolia, Croton suaveolens and
Acacia berlandieri, while maximum value (around 2 mg) was obtaineBtienopsis ebano. Maximum values of chlorophyll
(a:b) ratio (around 7) was seen Horestiera angustifolia, Salix lasiolepis followed by Diospyros texana (around 6). The
ratio of total chlorophyll/caroteids was maximum irParkinsonia aculeata (nearing 8), while minimum value was
obtained imBerberis trifoliata (around 2).
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Introduction indicating that climate has an influence on pigment
production in plants. Castrillo et al. (2001) studied
Plants posessewarious leaf pigments such as chiorophyll content in some cultivated and wild species of
chlorophyll, carotenoids, xanthophylls, flavonoids etc.,| amiaceae. Gonzalez Rodriguet al. (2015) reported
which play important roles in plant metabolism andseasonal variations of leaf pigments in two seasons
physiological performance of the plant. The leaf pigmen{Summer & Winter2015).
contents are related with Varying leaf structural Native shrubs andtrees in semiarid region of
characteriScs that act as indices for protection. northeastern Mexico serve as important resources for a
Chlorophyll and carotenoids play an important function inwide range of ruminants and white tailed deer (Ramirez,
photosynthetic process in higher plants. They play vitah999). They also supply high quality fuel and timber for
role in capturing light energy, which is converted intofencing and construction (Reit al., 1990; Fulbrightet
chemical energy (Young & Britton, 1993). al., 1991), but the growth of these species is affected by
Carotenoids being natural fabluble pigments are climatic conditions which may cause differences in the
found in plants, algae and photosynthetic bacteria, whergroduction of the photosynthetic pigments. The objective
they also play a role in photosynthesis. In some-nongf the present study is to determine variations in leaf

photosynthetic bacteria, they may help in protectivepigments content in summer &7 native trees and shrubs
function against damage by light and oxyg@iswal,  of the northeastern Mexico.

1995; Gitelsoret al., 1999). Animals seem not to have

capacity to synthesize carotenoids and may incorporataterials and Methods

carotenoids from their diets. In animals, carotenoids

impart bright coloration and serve as antioxidants and &esearch site (give a map of study area): This study
source for vitamin A actity (Britton, 1995). In addition, was undertaken during June to July, 2015 at the
they perform very important functions in plant experimental station of the Facultad de Ciencias
reproduction through their role in attracting pollinators Forestales, Universidad Aaritoma de Nuevo Leon,
and seeddispersal (Yeum & Russell, 2002). Uvalldocated in the municipality of Linares (4’N;
Saucedaet al. (2008) reported seasonal variations in99°32°W), at an elevation of 350 magFig. 1). The
chlorophyll aand b and carotenoids in native shrubs ofclimate is subtropical or semiarid with warm summer;
northeastern Mexico. They concluded that there wasonthly mean air temperature vary from PE&7in
remarkable variations in the contents of these pigmentdanuary to 2& in August, althagh during summer
between the years and also among species therebgmperature goes up to4h Average annual precipitation
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is around 805 mm with a bimodal distribution. The main(Oleagae) Croton suaveolens Torr. (Euphorbiaceag)
type of vegetation in the area is known as the TamaulipaBerberis trifoliata  Torr.  (Berberidaceag) Ehretia
thornscrub or Subtropical thornscrub woodlands (Anon.anacual.M.Johnst. (BoraginacegeFondalia hookeri M.C.
1986). Domimnt soils are deep, dagkay, limegray, Johnst. Rhamnacede Diospyros texana Scheele
lime-clay Vertisols, rich in montmorillonite, which (Epenacege Sideroxylon celastrinum (Kunth) T.D.Penn.
shrinks and swells noticeably in response to to changes {&apotaceae)Caesalpinia mexicana A. Gray (Fabaceag)

soil water content (Anon., 2002).
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Fig. 1. Map showing the location of the study area.

Karwinskia humboldtiana (Willd. ex Roem. &Schult.) Zucc.
(Rhamnacege Acacia schaffneri (S. Watson) F.J.Herm.
(Leguminosae) Prosopis laevigata (Humb. & Bonpl. ex
Willd.) M.C.Johnst. (Fabaceaéecacia berlandieri Benth.
(Fabaceag)Cercidium macrum I.M.Johnst. (Leguminosag)
Quercus polymorpha Schitdl. & Cham. (Fagaceae)
Parkinsonia aculeata L (Caesalpiniaceagpalix lasiolepis
Benh. (Salicaceag Acacia wrightiiBenth. (Fabaceage)
Fraxinus greggii A.Gray (Oleaceag)Celtis laevigata Willd.
(Ulmaceae)andHarvadia pallens (Benth.) Britton & Rose
(Fabaceae)hese plant species have multipurpose uses such
as forage source for domestic livestock and wildlife,
fuelwood, charcoal, timber for construction, fences,
medicine, agroforestry, and reforestation practices in
disturbed sites (Reiet al., 190).

Tissue sampling procedures and determiantion of plant
pigments: Terminal shoots with fully expanded leaves were
sampled from middle side of five plants (replicates) of each
species. Sampled leaves were placed in plastic bags and
stored on ice box ued dark conditions. Cooled samples
were transferred to laboratory for pigments analysis, which
were performed within 12 h after collections. The technique
described by Lichtenthaler and Wellburn (1983) was used for
chlorophyll (a and b) and carotenoids teon
determination.The chlorophyll a, chlorophyll b and
carotenoids contents of 5.0 g fresh weight were extracted in
80% (v/v) aqueous acetone and vacuum filtered through a
Whatman No.1 filter paper. Pigment measurements were
determined spectrophotomettlgan 50 ml of plant pigment
sample extract using a Peratimer UV/VIS Spectrometer
(Model Lambda 25). Absorbances of chlorophyll a,
chlorophyll b and carotenoids extracts were determined at
wavelengths of 663, 645 and 470 nm, respectively. Results
are eported on a fresh weight basis (mg of plant pigment per

Plant material: Tirty seven native plant species were d fresh weight). Total chlorophyll (a+b), chlorophyll ratio (a

randomly selected from a 2,5002n60 m x 50 m)

to b) and chlorophyll (a+b) to carotenoids ratio were also

representative and undisturbed thronscrub plot located at tfgtermined.

research site. Studied plant species wdedietta parvifolia
(A. Gray) Benth. (Rutaceae)Guaiacum angustifolium
(Engelm.) A. Gray. Zygophyllaceag Leucophyllum
frutescens (Berland) [.M. Johnst. Scrophulariaceage
Bernardia myricifolia (Scheele) S. WatsorEgphrobiacege
Eysenhardtia polystachya (Ortega) Sarg. (Fabaceae),
Leucaena leucocephala (Lam.) de Wit (Fabaceag)
Ebenopsis ebano (Berland.) Barneby & JW. Grimes
(Fabaceag) Sargentia greggii S. Watson. (Fabaceae),
Diospyros palmeri Eastw. (Ebenaceage)cacia rigidula
Benth. (Fabaceae)Amyris texana (Buckley) P. Wilson.
(Rutaceae)Cordia boissieri A.DC. (Boraginaceag)Celtis
pallida Torr. Ulmaceag Zanthoxylum fagara (L.) Sarg.
(Rutaceag) Gymnosperma glutinosum(Spreng.) Less.
(Asteraceag) Acacia farnesiana (Fabaceae), Lantana
macropoda Torr. (VerbenacegeForestiera angustifolia Torr.

Statistical analyses: Since plant pigment content data
were not normally distributed accordingly to
KolmogorowvSmirnov test and variances were not
homogeneous (Levene test), plant pigment content data
were subjected to the Kruskdlallis non parametric test
(Brown & Forsythe, 1974; Steel and Torrie, 1980; Ott,
1993). Al applied statistical methods were according to
the SPSS (Statistical Package for the Social Sciences)
software package (standard released version 13.0 for
Windows, SPSS Inc., Chicago, IL).

Results
The results indicated that there were significant

differences among the 37 plant species studied for various
pigment contents (Table 1).
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Table 1. Summary of the Kruskal-Wallis test to detect significant differences in pigment content among 37
plant species, Northeastern Mexico.

Statistic Plant pigment
Chla [ cChib | Car | Chi(atb) | Chi(a/b) [ Chl(atb)/Car
c2 107.736 108.395 128.236 104.370 116.994 114.201
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Since there are many differences among plant species The results of the present study reveals that the species
for each analyzed pigment, it is just wise to tienthe varied remarkably in chlorophyll a and b, total chlorophyll
maximum and minimum value acquired in each speciesnd also in carotenoids content among the thirty seven species
Besides, it will be need to be mentioned the general averagtudied. This finding confirms the importance of the species
plant pigment content among all studied species. Thi their capacit in the production of each pigment to guide
pigment contents in terms of chlorophyll a and chlorophyll ithe photosynthetic process in leaves and its potential values.
in different specieare shown in Fig2. Plant pigments may play a role in the ecosystem productivity,

The thirtyseven tree and shrub species exhibitechut it is influenced by drought and extreme temperature
variations in the contents of different pigments duringprevailing during winter andusnmer seasons (Gonzalez
summer season. Among these specibsycophyllum  Rodriguezt al., 2000). It is well known that the productivity
frutescens and Acacia berlandieri had minimum Chl a of higher plants is mediated by photosynthesis in leaves and
content of (0.6 mg) whileleucaena lecucocephala had  its adaptation through leaves (Valladageal., 2000). In the
maximum (nearing 1.8 mg). Some species Bkegentia ~ Present study, no attempt has been macitutly the effects
greggii, Diospyros palmeri, Amyris texana, and Caesalpinia ~ ©f Several environmental factors in the production of plant

mexicana exhibited modeate values of Chl a (1 to 1.2 mg). pigments but it is well documented about the effects of these

It is observed that with respect to chlorophyll benvironmental factors by different authors such as high light

P : : 1 tensity and high temperature (Valladaretsal.,, 199;
minimum content was found irForesteria angustifolia Intenst .

: L ! Gonzélez Rodriguezt al., 2004; Boutraaet al., 2015;
Aca;ma tt))erlandlerl, S nd Leucophylludm frutescens (Otl 0 0'2) Khalekuzzamaletgal 2015), low temperature during winter.
mg). Ebenopsis ebano contained maximum (0.4 mg). . ! ' i '
Moderate values (around 0.3 mg) were foun@émardia thereby affecting growth of the plant species. Under such

o - . . conditions the production of photosynthates may be limited
myricifolia, Eysenhardtia polystachya, Sargetia greggii, by temperature, storta control and light energy damage.

Acacia_rigidula among others. . . . The chlorophyll contents are affected by the prevailing shade
With respect to carotenoid®ntent (Fig.3), minimum  characteristics (Castrillet al., 2001). The chlorophyll content
carotenoids values (around 0.2 mg) were foundighetta  \yas higher in shade leaves, whereas carotenoid and non

parw_folla,. Leucophyllum frutescens, Croton suaveolens, photochemical quenching increasedhwight (Valladarest
Parkinsonia aculeata and others. Maximum vags (0.6 mg) 31 2000). The carotenoid components of sun leaves of plants
was observed irForestiera angustifolia. Moderate values yevealed that sun leaves contained higher amount of
(around 0.4 mg) were obtained iBbenopsis ebano,  components of xanthophylls cycles (DemwAidams and
Diospyros plameri, andAmyr_ls_ texana. With respect to total  Aqams Ill, 1992). The reduction of chlorophyll does not
chlorophyll (a+b) (Fig3), minimum values (around 0.5 m@) ¢ause andaptive response against the adverse condition in
were obtained in Leucophyllum frutescens, Helietta  gymmer in Mediterranean summer which may be applicable
parvifolia, Lantana macropoda, Forestiera angustifolia, in northeastern Mexico (Valladaresal., 2000; Oliveira &
Croton suaveolens, while maximum value (around 2 mg) pefiyelas, 2001). These leaf pigment contents could be related
was obtained iftbenopsis ebano. Moderate values (nearing o varying leaf structural emacteristics indices for the
1.5 mg) were observed ifargentia greggii, Diospyros  hrgtection. Sims & Gamon (2002) studied the relationship

palmeri, Gymnosperma glutinosum. Further, Forestiera  pepween leaf pigment content and spectral reflectance.
angustifolia and Salix lasiolepis showed maximum value Various studies have revealed the effects of

(around 7) followed byDiospyros texana (around 6) with  anvironments on leaf pigments contents. Jietrg). (2006)
respect to chlorophyll (a/b) ratio (Figt). All the other  reporedthat the chlorophyll content and photosynthesis in
species showed more or less simialues (ranging from 4 . ng leaves were much higher than fully expanded leaves;
to 5). In regard to chlorophyll (a+b)/carotenoids ratio (Fig.jeaf orientation, photorespiration and xanthophyll cycle
4), Parkinsonia aculeata showed maximum value (nearing protect young seedlings against high irradiation in field
8), while a minimum value was obtained Berberis Kalituho et al., 2007). DemmigAdams & Adams Il
trlfqllata (around 2). All others species showed more or les 992), analyzed carotenoid composition in sun and shaded
similar values (around 4 to 5). plant with different forms. Giuffridaet al. (2006) studied
chlorophyll and chlorophyll derived components in pistachio
kernels Pistacia vera L.) and found 13 compound®e
, . . i . Carvaho Goncalvest al. (2001) studied environmental light
Leaf pigments contribute to the physiological functioneffect on leaf on concentrations of photosynthetic pigments
of leaf and its photosynthesis. Chlorophyll and carotenoidgpg chlorophyll fluorescence of Mahogangwitinnia
are responsible to absorb light energy and transfer it to thfacrophylla Kung) and Tonka bearD{pteroryx odorata).
photosynthetic apparatus in chlokagi for the production of  Chlorophyll contents were higher shade leaves than in sun
photosynthates and finally to biomass production in plantdeaves. Kyparissiet al. (2000) reported seasonal fluctuations
Therefore, the estimation of leaf pigments content serves adra photoprotective (xanthophylls cycle) and photoseletive
valuable tool to understand the physiological andchlorophyll) capacity in eight Mediterranean plant species
biochemical functions of leaves (Si®&sGamon, 2002). belonging to two different growth forms.

Discussion
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