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I. RESUMEN 
 
 
 

Se estudiaron las respuestas a la sequía de tres maíces de Michoacán, México en un 
experimento de invernadero. Las plantas fueron regadas cada tercer día durante 21 
días desde su siembra. Se suspendió el riego durante 26 días y se continuó con el 
mismo durante 10 días. Las condiciones ambientales fueron contrastantes entre los 
sitios donde fueron colectados los maíces. Por ejemplo, el déficit de precipitación 
obtenido a partir de un diagrama ombrotérmico fue de 33% de la precipitación anual en 
el sitio más bajo y de 9% y 0.3% en los de mayor altitud. El contenido de agua en el 
sustrato fue de 34% (por peso) durante el experimento y disminuyó a 1.9% a los 26 días 
de suspensión del riego, aunque se recuperó rápidamente una vez que el riego fue 
reanudado. El contenido de agua en el tejido vegetal fue de 92% para el control y 
disminuyó a razón de 22 a 33% al final del tratamiento de sequía, dependiendo del 
origen de cada maíz. En todos los casos la acumulación de peso seco fue menor para 
los individuos sometidos a sequía que para el control. Por su parte, el contenido foliar 
de clorofila disminuyó con la edad de la planta, pero no respondió a la sequía. En 
contraste, la prolina fue mayor en los individuos sometidos a sequía. El contenido de 
polifenoles aceptores de radicales libres disminuyó durante el tiempo de recuperación, 
pero no cambió durante la sequía. La actividad antioxidante del tejido foliar tampoco 
respondió al tratamiento de sequía.  

 
 
 



 
 
 
 

II. ABSTRACT 
 
 
 

Responses to drought by three maizes from Michoacán, Mexico, were studied in a 
greenhouse experiment. Plants were watered every other day for 21 d since sowing. 
Watering was withheld during 26 d, following a 10 d recovery period during which 
watering was resumed. Environmental conditions were contrasting among the sites 
of origin, e.g., annual precipitation deficit (from an ombrotherm diagram) was 33% of 
the net annual precipitation at the lowest site and 9% and 0.3% for the sites at higher 
elevations. Substrate water content for the control was 34% (w/w) over the course of 
the experiment and it decreased to 1.9% at 26 d of water withholding; it quickly 
recovered after resuming irrigation. Tissue water content was 92% for the control and 
decreased by 22-33% depending on origin for the droughted individuals at the peak 
of the drought. Dry mass was lower for droughted individuals than for the control. 
Leaf chlorophyll content decreased with plant age, but did not respond to water 
withholding. In contrast, proline tended to increase for droughted individuals. The 
content of free-radical scavenging polyphenols decreased during the recovery period, 
but not during drought. Neither did the antioxidant activity of leaf tissue respond to 
water withholding. 

 
 



 
 
 
 

III. INTRODUCCIÓN 
 
 

Bajo diversos escenarios de emisiones y modelos de circulación general, las 
proyecciones de cambio climático para México sugieren que la alteración de los 
regímenes de lluvia será́ más dramática que el aumento en la temperatura (Mart.nez y 
Fernández 2004; Conde et al. 2006). Para el sector agrícola la realización de dichas 
predicciones podría ser devastador, especialmente si consideramos que este sector 
consume enormes cantidades de agua (alrededor del 70% del agua disponible en el 
país) y que la producción agrícola en gran parte del país depende de las lluvias 
(Conde et al 2006; CONAGUA 2008). 

 
El caso del cultivo del maíz es particularmente importante. Por un lado, es uno 
de los tres cereales en los que se basa la alimentación mundial y por otro lado, 
el maíz es la principal fuente de almidón en las dietas de nuestro país y su 
relevancia aumenta para gran proporción de la población rural dependiente de 
la agricultura de subsistencia, sin minimizar su importancia cultural (Esteva, 
2003). 

 
Los eventos de sequía tienen manifestaciones muy evidentes reflejadas en la 
reducción de la productividad o, en casos extremos, en la muerte de las 
plantas. Sin embargo, cuando se trata de cultivos, el estudio de dichas 
manifestaciones biológicas resulta demasiado costoso y hasta la fecha no se 
cuenta con una prueba de laboratorio que permita predecir la tolerancia de las 
plantas al estrés hídrico (DaCosta y Huang 2009). La presente tesis contribuye 
al conocimiento de la fisiología de la tolerancia a la sequía en plantas en el 
contexto del cambio climático. Para el caso del aumento de temperatura, las 
respuestas de las plantas a eventos de temperatura extrema pueden tardar 
varios años en manifestarse (Drennan 2009). Sin embargo, se han desarrollado 
diversas pruebas de laboratorio que permiten la evaluación rápida y 
conservadora, i.e., no se necesitan grandes cantidades de material biológico, 
de las especies vegetales (Osmond et al. 1989; Nobel y De la Barrera 2003). La 
evaluación que se presenta a continuación (Guerrero-Jiménez y de la Barrera 
2015) de acumulación de prolina en el tejido vegetal en función de su tolerancia 
a la sequía dada por el clima del sitio de origen es una técnica prometedora 
para la evaluación rápida de materiales vegetales de cara al cambio climático 
que ocurrirá durante el presente siglo. 
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Abstract 

Responses to drought by three maizes from Michoacán, Mexico, were studied in a greenhouse experimento Plants were watered every 

other day for 21 d since sowing. Watering was withheld during 26 d, following a 10 d recovery periad during which watering was 

resumed. Environmental conditions were contrasting among the sites of origin, e.g., annual precipitation deficit (from an ombrotherm 

diagram) was 33% of the net annual precipitation at the lowest site and 9% and 0.3% for the sites at higher elevations. Substrate water 

content for the control was 34% (w/w) over the course of the experiment and it decreased to 1.9% at 26 d of water withholding; it 

quickly recovered after resuming irrigation. Tissue water content was 92% for the control and decreased by 22-33% depending on 

origin for the droughted individuals at the peak of the drought. Dry mass was lower for droughted individuals than for the control. 

Leaf chlorophytl content decreased with plant age, but did not respond to water withholding. In contrast, proline tended to increase 

for droughted individuals. The content of free-radical scavenging polyphenols decreased during the recovery period, but not during 

drought. Neither did the antioxidant activity of leaf tissue respond to water withholding. 

Keywords: adaptation, annuaf precipitation deticit, cfimate change, ecophysiology, tood security, mycorrhizae 

Introduction 

Maize, the most widely cultivated cereal in the world, was originalty domesticated over 10,000 years ago within the Balsas River basin, 

along the border of the current states of Michoacán and Guerrero, Mexico (Miranda Colín , 2005). It is the food staple for sorne 112 

mitlion people in this country, where nurnerous local varieties have been developed over centuries. While tortillas, a flat bread 

baked from a maize dough, are the main form of consuming the cereaL, over 600 distinct uses have been documented in Mexico that 

are predominantly specific to indigenous peoples (Turrent Fernández et al, 2013). Contributing to the internationaL popularization of 

malze cultivation are the very high yields attained by improved varieties that require considerable investment in irrigation, 

agrochemicaLs, and human and mechanicaL Labor. In contrast, up to 80% of maize cuLtivation (area basis) in Mexico is conformed by 

smalt scale, low input, subsistence operations, for which a typical yieLd rarely exceeds 2 tons ha-1 yea(l (Servicio de Información 

AgroaLimentaria y Pesquera, 2015). 

Approximately two thirds of Mexico's territory is arid or semiarid (1.e., receMng annual precipitations below 600 mm), so extensive 

portions of the country are considered marginally apt for agricuLture (Food and AgricuLture Organization, 2015). However, local maizes 

exist throughout the country in essentially alt climates and ecosystems, originating from the mitlennial selection that has taken 

advantage of desirabLe pLant traits and the developrnent of cultural practices that includes creating benign microenvironents (PeraLes 

and Golicher, 2014). Thus, the potential exists for maize germplasm to cope with the novel environrnental conditions expected to 

develop during the present century. 

By means of a greenhouse experiment, some physiological responses of seedlings from three localities from the state of Michoacán, 

along an altitudinal gradient, were studied in an effort to determine whether these maizes responded differently to drought. A 

hypothesis was tested that an environmental specialization has occurred for the maizes considered here along an altitudinal gradient. 

Materials and Methods 
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Seeds of locally bred maize were obtained during March 2010 directly from producers from three localities along an elevational 

gradient in the state of Michoacán, Mexico (Buenavista Tomatlán, at 19c177.9"N; 102°33'30.9'W, 689 m; San Francisco Pichátaro, at 

19°34'18.34"N; 101 °48'40.8", 2,379 m; Tancítaro, at 19°25'3.66", 3,638 m). The seeds were transported to the laboratory at the 

Instituto de Investigaciones en Ecosistemas y Sustentabitidad, UNAM (19°42'10"N; 101°11' 32"W, 1,980 m), where they were kept in the 

dark (25 ' C, 42% relative humidity) until utilized. For each maize, 20 experimental units were prepared consisting of 3 seeds planted in 

black plastic nursery bags (20 cm wide x 35 cm high) that contained a 3:1 blend of sand and a commercial potting mixture (Creciroot, 

Sistemas Agrotec, Uruapan, Mich, Mexico). Each bag was inoculated with micorrhizae (0.5 g per bag of Glomus intraradices and 

Glamus fasciculatum; Biotecnología Agroindustrial, Morelia, Mich, Mexico) and placed in a greenhouse where they were watered every 

other day with tap water. After ten days of planting, two seedlings were removed from each bag so that only the most robust 

individual was utilized for the remainder of the experimento At 21 days of planting, irrigation was suspended for 26 days for half of 

the plants, followed by resuming of irrigation over a 10 day recovery periodo 

limate normals were obtained for each site of collection from a database kept by the Washington State University I US Forest service 

Moscow Forestry Sciences Laboratory (http://forest.moscowfsl.wsu.edu/climatel), whose data for the state of Michoacán have been 

carefully curated (Sáenz·Romero et al, 2010). Ombrothermic diagrams were prepared for each dataset in order to characterize the 

prevailing environmental conditions of each site of collection (larcher, 2003), including periods of drought. A so called annual 

precipitation deficit was calculated for each site consisting of the amount of suppLementary precipitation that would be required to 

compensate for the periods of drought. 

Plant growth was monitored by periodically harvesting random individuals for which fresh and dry mass were determined 

gravimetricaUy. After harvesting, the leaves and roots were removed from the shoot. lhe roots were immediateLy washed with a 

solution of commercial kitchen detergent in order to dissolve soil aggregates attached to the roots, which then were thoroughly rinsed 

with tap water. Plant organs were weighed and dried in a gravity convection oven at 80cC until constant weight was achieved. 

Colorimetric assays were utilized to measure leaf metabolites during this experimento In particular, chlorophylL, extracted with a coLd 

aqueous solution of acetone (8m; '11'1) was determined following Uchtenthaler (1987). The content of proline, an amino acid that 

accumulates in droughted pLants, was measured via reaction with ninhydrin (Reigosa, 2001 ; Steubing et aL, 2001 ). In turn, totaL 

poLyphenols were quantified by the FoLin-Ciocalteu method (Waterman and Mole, 1994), while the total antioxidant activity of the 

leaf tissue was determined from the reaction with DPPH (Brand-WilLiams et al, 1995; Sánchez-Moreno et al, 1998). Statistical analyses 

were conducted with SigmaStat (SPSS Science, Chicago, IL, USA). Differences among maizes were assessed with a 3-way ANOVA 

foLLowed by pairwise Tukey tests (p < 0.05). Data are shown as mean ± 1 S.E. (n = sample size). 

Results 

lhe climates of the Localities from which the seeds were obtained differed among each other (Figure 1). In particuLar, for Buenavista 

(Figure 1A), at the lowest altitude of 689 m, the mean annuaL temperature was 26.2"C and an annual precipitation of 793 mm was 

seasonalLy distributed, with 91% occurring in 5 months. In turn, the high temperatures observed over the remaining seven months of 

the year led to an annual precipitation deficit of 261 mm, equivalent to 33% of the annual precipitation. For the case of Pichátaro 

(Figure lB), at 2,397 m, a Lower mean annual temperature of 15.3 ' C and a higher annual precipitation of 983 mm led to a 

precipitation deficit of onLy 9% of the annual precipitation, which was also seasonaLLy distributed, 88% occurring over six months. 

FinaLLy, for Tancítaro (Figure 1C), at the highest elevation of 3,638 m, the Lowest mean annual temperature of 9.5 ce and the highest 
annuaL precipitation of 1,295 mm were recorded_ At this site, despite the fact that precipitation was aLso highLy seasonal, with 84% 

occurring in 5 months, the precipitation deficit amounted to a mere 0.3 % of the annual precipitation and was only observed in March. 
Withholding of water effectively led to a soil water environment that greatly contrasted with that of well-watered individuals (Figure 

2A). In particular, the gravimetric soil water content for well-watered plants averaged 33.8 ± 1.7% over the course of the experiment, 

whiLe that for the droughted experimental units decreased to 1.9 ± 1.0% al 26 d of drought and quickly recovered to well-watered 

levels once irrigation was resumed. 

Leaf water content (Figure 2B-0) significantly differed among the maizes over the course of the experiment and responded to the 

watering regi me (Table 1 l. The interactions of time of drought )( site of origin and of time of drought )( treatment were aLso 

significant. In turn, no significant interaction was found for site of origín x treatment. Regardless of the site of origin, leaf water 

content was very similar between droughted and well-watered pLants at the start of water withholding. It decreased for the droughted 

individuals at 26 d of withholding water. The contrast was greater for the individuals from Tancítaro, the site with the highest 

precipitation, than for the maizes from the other two localities (Figure 10). Once irrigation was resumed, droughted individuaLs 

recovered to tissue water contents similar to those of the control. 

Dry mass accumulation for leaves was reduced by drought, while a significant interaction was found for time x treatment (Table 1; 

Figure 2A-C) . The leaf dry mass for plants from Buenavista appeared to plateau at ca. 3 g leaf" (Figure 2A). In contrast, leaf dry mass 

accumulation for the plants from Pichátaro appeared to accelerate once irrigation was resumed (Figure 2B). In turn, Leaf dry mass 

appeared to increase at a constant rate for well watered plants from Tancítaro, while the droughted ptants remained stunted even 

after watering was resumed (Figure 2C) . Dry mass accumulation by shoots varied significantly over the course of the experiment 

between the weLL-watered and droughted individuals regardless of their site site of origin (Table 1; Figure 20-F). 
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Root dry mass accumulation significantly differed among the maizes over the course of the experiment and between the watering 

regimes (Table 1; Figure 2G -I). In addition, att the pairwise interactions were significant, but this was not the case for the three-factor 

interaction. The roots of wetl-watered plants from Buenavista were the lightest and their dry mass appeared to plateau at ca. 2 g 

planf1 (Figure 2G). In contrast, the roots of wetl·watered pLants from Pichátaro (Figure 2H) and Tancítaro (Figure 21 ) appeared to 

grow at constant rates over the course of the experimento In atl cases, water withholding reduced biomass accumulation for droughted 

individuaLs in comparison to their wett-watered counterparts. A significant increase of root dry mass fotlowing rewatering was only 

observed for the pLants from Pichátaro (Figure 2H). 

Leaf chlorophylL content significantly differed among the varieties utilized over the course of the experiment (Table 1). Although no 

response to the watering regime was observed, a significant interaction of site of origin x time without watering was found. In 

generaL, the chLorophytl concentration tended to decrease over the course of the experiment, especiatly for the plants from Pichátaro 

(Figure 4B). 

For the leaf content of proline, the three-way interaction of site of origin x time without irrigation x watering regime was significant 

(Table 1)_ However, sorne patterns could be observed (Figure 40-F). For instance, no significant change in the very Low proline 

concentration was observed for leaves of wetl-watered plants over the course of the experimento In addition, the tissue concentration 

of proLine appeared to increase for the three maizes at 26 d of withholding water, although the change was not significantly greater 

than for the weLl-watered individuals. Finatly, once irrigation was resumed, the proline concentration returned to be indistinguishabLe 
between the Leaves of droughted pLants and those of the wetl-watered control. 

Total polyphenol content in Leaves aLso varied among the maizes considered in the present work over the course of the experiment 

and responded to water withholding (Table 1; Figure 4G-I). In this case, the interactions of watering treatment x site of origin and of 

watering treatment )( time without irrigation were statisticatly significant. In turn, phenoL content did not depend on the time without 

irrigation. The leaf content of total phenols tended to increase over the course of the experiment for the wetl watered individuals. In 

contrast, resuming irrigation Led to a decrease of the leaf content of totaL phenoLs for the droughted pLants, both relative to the leveLs 

measured at the end of the drought period and, especiatly, after resuming irrigation reLative to the weLl-watered individuals. 

The antioxidant activity of the maizes considered in the present work did not respond to water withholding, but varied among the 

maizes and changed over the course of the experiment (Table 1; Figure 4J-L). However, the fact that the interaction of site of origin )( 

time was statisticaLly significant probabLy reflects the distinct behavior of plants from Pichátaro, for which the antioxidant activity 
was about haLf than that measured for the other two maizes at the onset of the experimento 

Oiscussion 

Short-term drought responses were studied for three maizes from localities with contrasting environments. Sensitivity to water 

withholding was generatly greater for the plants from higher elevations, i.e., with higher precipitations and lower air temperatures, in 

comparison with those from lower elevations_ Moreover, the prevailing environmentaL conditions of Low water avaiLability and high air 

temperature over the course of the experiment were similar to those found, at Least during part of the year, in Buenavista and 

Pichátaro, but not in Tancítaro. 

It was not surprising that the maize from Buenavista, the Lowest site, was abLe to maintain a higher water content after 26 days of 

water withholding than its counterparts from the more mesic localities. A common characteristic of C4 grasses, such as maize, is a 
high water use efficiency resulting from their Kranz anatomy that atlows the plants to achieve higher rates of C02 uptake at lower 

stomataL conductances than those measured for C3 species (Nobel, 2009). However, certain ptant traits such as stomatat frequency, 

leaf surface area, or, in the case for the current study, Leaf dry mass, have also been observed to respond to water availability over 

the course of plant development (Subramanian et al, 1997; DaCosta and Huang, 2009). 

Leaf chLorophyll content for the three maizes considered in the present work tended to decrease with plant age, not in response to 

drought. This is contrasting with observations for durum wheat, a C3 species, for which a decrease in photosynthetic pigrnents fotlows 

week-Iang droughts (Zaefyzadeh et al, 2009). In any case, different susceptibility has been observed ta occur far maize leaf claraphyll 

during drought depending on the cuLtivar (Khayatnezhad and Gholamin, 2012). An early response mediated by abscisic acid could 

contribute to pigment persistence (Subramanian et al, 1997; Tenopala et al, 2012). As discussed aboye, precipitation in the state of 

Michaacán has a markedly seasanal precipitatian, which ultimately determines the agricultural calendar. Hawever, even within the 
wet season periods without precipitation can last up to a few weeks and create effective short-term droughts (Granados-Ramírez and 

Longar-Blanco, 2008). It is likely that these Local landraces of crops have been seLected to be abLe to cope with intermittent periods of 

high irradiance and lower soil water availability, which should be confirmed experimentally. This couLd inform future breeding 

programs considering the reduction in precipitation that is expected to occur during the current century. 

Proline accumulation, along with that of trehalose and other organic compounds, is a well known indicator of dreught sensing and 

tolerance in pLants (VaLliyodan and Nguyen, 2006; Tenopala et al, 2012). In the present study, the droughted individuals tended to 

accumulate substantially more proline than the wetl-watered control. However, no significant differences from the control were 

detected, given the very high dispersaL of the data for droughted individuals. This could be a result of a reLatively high genetic 

diversity of landraces. Indeed, from preliminary observations conducted during the setup of the analytical technique, it was found 

that the dispersal ef the proline content was mini mal fer a hybrid maize in comparison with a local landrace. 
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Drought, like other environmental stresses, favors the production of reactive oxygen species, which can lead to cell damage (Larcher, 

2003; Gill and Tuteja, 2010; Miller et al, 2010;). Polyphenols are among numerous leaf compounds with antioxidant activity (Cuvelier 

et al, 1992: Skerget et al , 2005; Gilt and Tuteja, 2010). In the present study, total polyphenols tended to increase over the course of 

the experiment for well·watered individuals in contrast with droughted plants, whose concentrations of total polyphenols actually 

decreased. This contrasts with what has been observed with Salvia oficinalis, a species with low tolerance to drought, whose phenol 

content increases with time after withholding water (Bettaieb et al, 2011 ). Our observations could reflect the involvement of 

constitutive polyphenols in chemical reactions that uLtimately protect the plants against oxidation. In turn, the fact that the 

difference among treatments was greatest (the rewatered plants had much less phenoLs than the well watered control) could be an 

indication of phenols being utilized for synthesizing new compounds utilized for drought recovery. lndeed, plant phenols can give 

origin to numerous compounds (Haslam and Cai, 1994). 

Similar to the lack of accumulation of polyphenols during drought, measurements of the antioxidant activity of aqueous extracts of 
the maizes considered in the present work suggest that the imposed short-term drought did not induce oxidative stress on the plants 

(Larcher, 2003). lndeed, the antioxidant activity remained stable during the experimento A most notable exception was the initial 

measurement for plants from Pichátaro, whose antioxidant activity was about haLf of the vaLues observed for the rest of 

measurements and landraces. This maize also had an initial chlorophy\l concentration that was ca. 50% higher than that of the other 

two landraces. In this respect, a most generous source of free radicals is a saturated photosynthetic machinery (Taiz and Zeiger, 2002; 

Larcher, 2003; González-Salvatierra et al, 2010). For the case of the maize from Pichátaro, the initial absence of antioxidant activity 

may have been compensated by an initial greater capacity to absorb and assimilate more radiation than at later parts of the 

experimento 

Climate change projected to occur during the present century within the inter tropical region involves changes in precipitation 

pattems whose consequences are likely to be more severe than those expected from a mere increase of air temperature (Magaña et 

al, 2000; Sáenz-Romero et al, 2010). Prolonged drought, thus, is a real and severe risk for agriculture, even at sites that, like the 

state of California in the USA, usually have access to irrigation (Howitt et al, 2014). Such risk is greater for countries or regions where 

rain fed agriculture is predominant, such as Mexico (Turrent Fernández et al, 2013). Whether subsistence agriculture wilt be able to 

cope with the risks of climate change will depend both on the adaptation capacity of producers and on the selection for tolerance in 

different crops to the future adverse conditions. 
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Figure 1 - Climate diagrams for Buenavista Tomatlán (A), San Francisco Pichátaro (B), and Tancitaro (C), the localities where 

maize seeds were acquired for this study. The altitude, annual mean air tempera tu re, and annual precipitation are shown in 

each panel. Mean monthly air temperature (solid line) is indicated in the left ordinate where the boldface temperatures are 

the mean maximum temperature of the highest month (usually May) or the mean minimum temperature of January, the 

coldest month. Monthly precipitation (dashed Une) is indicated in the right ordinate, where the mean monthly precipitation 

deficit is indicated in boldface (number of months shown in parentheses). Precipitation deficit occurs when the precipitation 

line is below the temperature line for a given month (Larcher 2004). The annual precipitation deficit (mm) is indicated at 

the bottom of each panel. 
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Figure 2 - Soit (A) and teaf tissue gravimetric water content over the course of the water withhotding experiment for wett

watered (cireles) and droughted (triangLes) maize seedlings from Buenavista (A), Pichátaro (B), or Tancítaro (C). Data are 

shown as mean ± S.E. (n '" 20 seedlings). The gray region starting at 26 d after withhoLding irngation indicates the penod of 

recovery during which watering was resumed. 
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Figure 3 - Dry mass accumulation by leaves (A-C), shoots (D-F), and roots (G-I) of well-watered (circles) and droughted 

(triangles) maize seedlings from Buenavista (A, O, G), Pichátaro (B, E, H), or Tancítaro (e, F, 1) over the course of the water 

withholding experimento Data are shown as mean ± S.E. (n" 20 seedlings) . The gray region starting at 26 d after withholding 

i rrigation indicates the period of recovery during which watering was resumed. 
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Figure 4 - Leaf tissue concentration of total chlorophyll (A-C), proline (D-F), and total phenols (G- I), as well as antioxidant 

activity (J-L), for well-watered (circles) and droughted (triangles) maize seedlings from Buenavista (A, D, G, J), Pichátaro (B, 

E, H, K), or Tancítaro (e, F, 1, L) over the course of the water withholding experimento Data are shown as mean ± S.E. (n = 

20 seedlings). The gray region starting at 26 d after withholding irrigation indicates the period of recovery during which 

watering was resumed. 
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VI. DISCUSIÓN 

 
 
 Se estudiaron las respuestas a la sequía de corto plazo en tres maíces de localidades 

michoacanas con climas contrastantes. La sensibilidad a la suspensión del riego fue mayor 

para las plantas provenientes de sitios más elevados. Es decir, aquellos con mayor 

precipitación y menor temperatura que en sitios más bajos. Más aún, las condiciones 

ambientales de baja disponibilidad de agua y alta temperatura del aire que fueron 

prevalentes durante el estudio se aproximaron al clima natural que ocurre durante parte del 

año en las localidades de Buenavista y Pichátaro, pero no de Tancítaro.  

 

 El maíz Negro proveniente del municipio de San Francisco Pichátaro presentó el 

mayor valor de tasa de asimilación de CO2 a los 26 días de sequía con respecto a las dos 

variedades restantes. Sin embargo las diferencias respecto al control fueron significativas. En 

los individuos sometidos a sequia disminuyeron la clorofila total y la acumulación de biomasa, 

recuperándose al reanudar el riego. Este maíz fue el único para el que se observaron 

diferencias significativas respecto a la actividad antioxidante de los fenoles. La concentración 

de prolina se incrementó en condiciones de sequía y regresó a sus niveles basales después 

de 10 días de reanudado el riego. El incremento en la actividad antioxidante de fenoles y 

prolina sugieren mecanismos fisiológicos de tolerancia. 

 

 El maíz Blanco proveniente del municipio de Buenavista Tomatlán presentó el mayor 

decremento en la tasa de asimilación de CO2 desde el segundo día de sequía respecto a las 

dos variedades restantes. Se observó una tendencia de aumento sin diferencias significativas 

en el contenido de fenoles totales y clorofila total para los individuos sometidos a 26 días de 

sequía, sin observarse algún patrón para la actividad antioxidante de fenoles. La biomasa 

presentó diferencias significativas respecto al control en los individuos sometidos a sequía 

conservándose estas diferencias al reanudar el riego. La concentración de prolina incrementó 

su valor en condiciones de estrés hídrico y esta variedad fue incapaz de regresar a los 

niveles basales cuando se reanudó el riego. Esta variedad no parece presentar mecanismos 

claros de adaptación a la sequía. 

 



 

 

 El maíz Blanco proveniente del municipio de Tancítaro presentó un comportamiento 

irregular en la tasa de asimilación de CO2. La biomasa presentó diferencias significativas 

respecto al control en los individuos sometidos a sequía conservándose estas diferencias 

cuando se reanuda el riego. No se observó ningún patrón en relación al contenido de fenoles 

totales y actividad antioxidante de los mismos. Aumentó el contenido de clorofila total en 

condiciones de sequía con diferencias significativas aunque regresó al nivel basal cuando se 

reanudó el riego. El contenido de prolina también aumentó en los individuos sometidos a 

sequía y regresó al basal a los 10 días de reanudar el riego. Esta variedad presentó un 

comportamiento poco claro en sus mecanismos fisiológicos de respuesta a la sequía. 

 

 El cambio climático que se proyecta para la región tropical durante el presente siglo 

contempla cambios en los patrones de precipitación que tendrán consecuencias más severas 

en la agricultura que el simple aumento en la temperatura1. Por lo tanto, la sequía representa 

un riesgo real y severo para la agricultura, incluyendo en sitios que cuentan con acceso a 

infraestructura de riego2. Dicho riesgo es mayor en los países y regiones donde la agricultura 

de temporal es predominante, como en México3. Así, el que la agricultura de subsistencia 

logre enfrentar los riesgos que presenta el cambio climático depende tanto de la capacidad 

de adaptación de los agricultores como de la selección de materiales tolerantes que logren 

enfrentar a las futuras condiciones ambientales adversas.  

                                                           
1 Las citas bibliográficas completas se encuentran en la sección anterior. Aquí se presentan de forma abreviada para 

facilitar su localización. Magaña et al. 2000; Sáenz-Romero et al. 2010. 
2 Howitt et al. 2014. 
3 Turrent Fernández et al. 2013. 
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