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SUMMARY

Fresh foods with functional properties such as their anti-
oxidant content are in increasing demand for their benefits to
human health. The agronomic management of specific condi-
tions as water stress could permit to obtain fresh foods with
a high antioxidant content based on the plants response. In
this project, the kinetics of the physiological and antioxidant
responses to water stress were studied in lettuce (Lactuca sa-
tiva L.) to identify the appropriate conditions to obtain plants
with a higher content of antioxidant phytochemical compounds.
The response in terms of mineral composition was also stud-
ied. Before harvest, the plants were subjected to a water stress
treatment and evaluations were performed on the days 0, 2, 4,

6, 8 and 10. The photosynthesis rate increased in response to
water stress, reaching its highest values on day 4, while the
highest content of phenolic compounds was determined on day
6. A physiological and non-destructive determination such as
the photosynthesis rate could be used as an indicator of a high
antioxidant content prior to harvest. The mineral composition
and the plant morphology remained without important vari-
ations on day 6. The experimental evidence suggests that it
would be possible to obtain lettuce plants as fresh food with
antioxidant proprieties through the agronomic management
of the water stress;, however, further studies are needed in
post-harvest and regarding human health benefits.

Introduction

Exposure of plants to unfa-
vorable environmental condi-
tions such as water stress in-
creases the production of re-
active oxygen species (ROS),
and a large accumulation of
ROS affects the cellular func-
tions causing significant pro-
duction losses (Foyer and
Noctor, 2005; Khan and
Singh, 2008). As protection
against ROS plant cells and
organelles have developed a
defense system formed by
enzymes and antioxidant phy-
tochemical compounds de-
rived from the secondary me-
tabolism (Gill and Tuteja,
2010). The latter are of spe-
cial interest due to their con-
tribution in prevention and

reduction of risk factors of
many chronic degenerative
diseases in humans, such as
cancer, cardiovascular prob-
lems and aging (Pandey and
Rizvi, 2009). The antioxidant
content in plants varies con-
siderably as a function of the
agronomic management and
the crop conditions. It has
been demonstrated that these
compounds are part of a com-
plex plant defense mechanism
in response to different types
of stress, and this represents
an opportunity to improve the
health benefits based on food
of plant products (Oh et al.,
2009). Some studies have
evaluated the possibility of
increasing the amount of phy-
tochemical antioxidants by
subjecting the plants to stress

conditions, mainly in species
where the economic interest
lies in foliage consumption,
as in Lactuca sativa L. (Oh
et al., 2009; Chisari et al.,
2010; Boo et al., 2011; Galieni
et al., 2015). Lettuce is the
most popular leaf vegetable in
the world, appreciated for its
versatility in the elaboration
of salads and high content of
phytochemical compounds
that are health promoters
(Durazzo et al., 2014). Ho-
wever, the response to stress
in plants depends on the type
of the stress factor applied as
well as its intensity and dura-
tion, generating expression
patterns and protein synthesis
that lead to the production of
metabolites and to different
physiological states (Moreno,

2009). Water stress severely
limits the crop yield (Farooq
et al., 2009); nevertheless, it
is a source of variation that is
easy to evaluate experimental-
ly and, in consequence, gener-
ate oxidative stress in plants
(Beck et al., 2007). Plants
must be subjected to water
stress carefully because it
might compromise the final
quality in terms of yield,
since one of the most crucial
factors during the lettuce cul-
tivation is the availability of
water. The aim of this project
was to study the kinetics of
the physiological and antioxi-
dant responses to water stress
of Lactuca sativa L. in order
to identify conditions to ob-
tain plants with a higher con-
tent of antioxidant phytoche-
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RESUMEN

Los alimentos frescos con propiedades funcionales tales como
contenido de antioxidantes son cada vez mds demandados por
sus beneficios para la salud humana. El manejo agronomico de
condiciones especificas como el estrés hidrico podria permitir
obtener alimentos frescos con un alto contenido de antioxidantes
con base en la respuesta de las plantas. En el presente proyecto
se estudio la cinética de la respuesta fisiologica y antioxidante
al estrés hidrico en lechuga (Lactuca sativa L.) para identificar
las condiciones apropiadas para obtener plantas con un alto
contenido de componente fitoquimicos antioxidantes. Igualmente,
la composicion mineral de la respuesta al estrés fue estudiada.
Antes de la cosecha, las plantas fueron sometidas a tratamientos
de estrés hidrico y las evaluaciones se realizaron los dias 0, 2,

4, 6, 8 y 10. La tasa fotosintética incremento en respuesta al es-
trés hidrico alcanzando su valor mas alto el dia 4, mientras que
el mayor contenido de compuestos fenolicos se determino en el
dia 6. Una determinacion fisiologica y no destructiva tal como
la tasa de fotosintesis podria ser utilizada como indicador de un
alto contenido de compuestos fenolicos antes de la cosecha. La
composicion mineral y la morfologia de las plantas permanecio
sin variacion importante en el dia 6. Las evidencias experimen-
tales sugieren que podria ser posible obtener plantas de lechuga
como alimento fresco con propiedades antioxidantes mediante el
manejo agronomico del estrés hidrico; sin embargo, se necesi-
tan estudios adicionales como en la postcosecha y los beneficios
para la salud humana.

CINETICA DA RESPOSTA FISIOLOGICA E ANTIOXIDANTE AO ESTRESSE DA AGUA EM ALFACE
Diana Sanz6n-Goémez, Ana 1. Mireles-Arriaga, César L. Aguirre-Mancilla, Victor Montero-Tavera ¢ Jorge E. Ruiz-Nieto

RESUMO

Alimentos frescos com propriedades funcionais, como seu
conteudo antioxidante, estdo cada vez mais em demanda por
seus beneficios a saude humana. O manejo agronémico de
condigbes especificas como o estresse hidrico pode permitir
a obtengdo de alimentos frescos com alto teor antioxidante
baseado na resposta das plantas. Neste projeto, a cinética
das respostas fisiologicas e antioxidantes ao estresse hidri-
co foi estudada em alface (Lactuca sativa L.) para identifi-
car as condigoes adequadas para obteng¢do de plantas com
maior teor de compostos fitoquimicos antioxidantes, tambiem,
a resposta da composi¢do mineral foi estudada. Antes da co-
lheita, as plantas foram submetidas a um tratamento de es-
tresse hidrico e as avaliagoes foram realizadas nos dias 0,

2,4, 6, 8 e 10. A taxa de fotossintese aumentou em resposta
ao estresse hidrico atingindo seus maiores valores no dia 4,
enquanto o maior teor de compostos fendlicos foi determina-
do no dia 6. Uma determina¢do fisiologica e ndo destrutiva
como a taxa de fotossintese poderia ser usada como um in-
dicador de um alto teor de antioxidantes antes da colheita.
A composi¢do mineral e a morfologia das plantas permane-
ceram sem uma varia¢do importante no dia 6. As evidéncias
experimentais sugeriram que seria possivel obter plantas de
alface como alimento fresco com propriedades antioxidantes
através do manejo agronomico do estresse hidrico; contudo,
mais estudos sdo necessarios como na pos-colheita e benefi-
cios para a saude humana.

mical compounds. The mineral
composition was also studied
during the observed chnges.

Materials and Methods

Plant material and
experimental conditions

The ‘Chavela’ cultivar of
iceberg type lettuce was used
because it is lartgely produced
in the region where the exper-
iment was performed and it is
cultivated under different sys-
tems. The plants were kept
under greenhouse in pots with
peat substrate Sunshine® fine
mix N°® 3. Constant irrigation
was maintained until they
reached the stage of head for-
mation (60 days). At that time,
to ensure that the water loss
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was similar in each repetition
as the intensity of the water
stress increased, the weight of
the pots was normalized to
1.1kg, considering plant devel-
opment, amount of substrate,
water volume and pot weight.
Evaluations were performed on
the days 0, 2, 4, 6, 8 and 10
from the beginning of the wa-
ter stress treatment, thus gener-
ating the kinetics of the re-
sponse. The experiment was
carrie out at the facilities of
the Life Sciences Division,
Universidad de Guanajuato,
Mexico, located at 20°44°35°N
and 100°19°50”W, at 1743masl.
Average maximum and mini-
mum temperatures were 29.4
and 14.5°C, and average maxi-
mum and minimum relative
humidity were 87.5 and 57.4%,

according to the weather sta-
tion Copal of the Fundacion
Guanajuato Produce A.C.

Determination of the
antioxidant response

The determination of pheno-
lic compounds was performed
according to the procedure
reported by Zin et al. (2006)
with some modifications: 3g
of leaf tissue were grinded
during 1h at room temperature
with 10ml of 50% methanol/
water solution and the solution
filtered. To determine phenolic
compounds, 250ul of the ex-
tract were mixed with 250pul
of Foli-Ciocalteu reagent (1:1).
After Smin, 500pul of 20%
Na,CO; solution were added to
the mixture and kept at 40°C

for 25min, after which the
concentration of phenolic com-
pounds (PC) was determined
by spectrophotometry as ab-
sorbance (ABS) at 750nm.
The results were expressed as
gallic acid equivalent (mg
GAE/gfw). The antioxidant
activity (AA) was measured
according to the methodology
proposed by Awad et al.
(2011) with some modifica-
tions, through the inactivation
of the 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) radical. An
3.9ml aliquot of 0.1 mM
DPPH was added into 100l
of the previously obtained ex-
tract. The mixture was incu-
bated for 30min at 40°C in
darkness and ABS measured
at 515nm. The antioxidant
activity was expressed in
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chelation percentage terms by
using the formula:

ABS ABS

control

ABS

sample

AA% =

control

Determination of minerals

N (%) was determined by
acid digestion of H,SO, and
the semi-micro Kjeldjal method
(Yoshida et al., 1976). To de-
termine P (%), K (%), Ca (%),
Mg (%), Na (%), Fe (ppm), Cu
(ppm), Zn (ppm) and Mn
(ppm), digestions were per-
formed with 0.5g of dry foliage
in 30ml of acid mixture (20ml
of 70% HNO; and 10ml of
65% HCIO,) for 12h at room
temperature. The digestion
mixture was warmed to 150°C
for 40min in a rotary evapo-
rator with glass beads. Af-
terwards, the temperature was
increased at 210°C until an
azeotropic mixture of HCIO,
was obtained, and the mixture
was solubilized in 50ml of de-
ionized water. The concentra-
tion of P was calorimetrically
determined, while those of K
and Na were obtained by flame
spectrophotometry and the con-
tents of the other minerals by
atomic absorption.

Evaluation of physiological
and morphological variables

The plant height (PH; cm) and
total biomass (TB; g) were de-
termined, the latter being sepa-
rated into foliage (FB) and root
(RB) biomass. The water relative
content in the foliage (WRCEF;
%) was measured by the proce-
dure described by Bernacchia
et al., (1996); likewise, this de-
termination was performed
in the substrate (WRCS; %) as
an indicator of the increa-
sing in-tensity of the water
stress. Photosynthesis (A; pmol
CO, m*s), transpiration (E)
and stomatal conductance (g,)
were measured with an infrared
gas analyzer LI-6400 (LICOR);
the last two variables were ex-
pressed as mmol H,O-m?s.

Statistical analysis

The results were subjected to
analysis of variance by a com-

pletely randomized design with
five repetitions and performing
mean separation tests of Tukey,
using the statistical software
Minitab ® 16.2.3. The days
after the water stress was initi-
ated were considered as treat-
ments. Complementary infor-
mation of the statistical analy-
sis performed is presented in
the Appendix.

Results and Discussion

The water relative content
in the substrate (WRCS) grad-
ually decreased (p<0.01) from
the detention of irrigation and
therefore the intensity of the
water stress increased propor-
tionally (Table I). The somatal
conductal (g,), transpiration
(E) and water relative content
in the foliage (WRCF) were
reduced (p<0.01) as the water
availability in the substrate
was limited. The stomatal clo-
sure is a physiological re-
sponse to avoid the water
stress and to keep the water
relative content in the tissues
(Nunes et al., 2008); in fact,
the capacity to keep a high
WRCF during water stress is
an indicator of tolerance (Silva
et al., 2007), even if the
leaves partially wither (Rivero
et al., 2007). In our experi-
ment, the Chavela cultivar did
not keep its WRCF despite of
the stomatal closure and the E
reduction, indicating that this
cultivar is highly affected by
the water deficiency. On the
contrary, photosynthesis (A)
increased (p<0.01) when the
water stress was moderate and

reached its highest mag-
nitude on day 4; later, stress
intensity became too severe
and photosynthesis decreased.
The increase in A under mod-
erate water stress has been
reported in other species with
C3 metabolism, as Triticum
durum (Abbad et al., 2004),
Phaseolus vulgaris (Ruiz-
Nieto et al., 2015) and
Gossypium hirsutum (Massacci
et al., 2008). The last author
explained such increase as due
to the quantum efficiency of
the photosystem II, which in-
dicatea less photorespiration,
since photosynthesis is barely
affected by the water limita-
tion; later, when the stress is
severe and prolonged, photo-
synthesis is inhibited (Muller
et al., 2011). Even under opti-
mal water conditions, the for-
mation rate of hydrogen per-
oxide by the electron transport
chain during photosynthesis in
C3 species is as high as
4pmol-m?s' (Foyer and Noc-

Total phenolic content
(mg GAE gfw)

0 2 4 6 8 10
Day of evaluation

tor, 2003), while under stress
conditions the accumulation of
such oxidant might increase
several times (Queval et al.,
2008).

The accumulation of phenolic
compounds (PC) increased
(p<0.01) in proportion to the
water stress intensity, it being
on day 6 when the greatest
content of PC was found
(Figure 1a). These results were
similar to those previously re-
ported by Oh et al. (2009) in
lettuce plants subjected to stress
by temperature and light.
However, the antioxidant activ-
ity (AA) remained relatively
stable (p<0.01) from the first
until the sixth day of evaluation
(Figure 1b). There are several
compounds with important anti-
oxidant proprieties in plants, but
their chelating capacities differ
depending on the chemical
structure and amount in the
plant; therefore, a high amount
of PC is not always related to
a high AA, especially for the

b)

Day of evaluation

Figure 1. Kinetics of the antioxidant response to water stress. a: Phenolic
compounds, b: antioxidant activity**. * Significant differences (p<0.05);
** highly significant differences (p<0.01).

TABLE I

PHYSIOLOGICAL AND MORPHOLOGICAL VARIABLES EVALUATED
DURING THE KINETIC STUDY OF THE RESPONSE TO WATER STRESS

Variable Day 0 Day 2 Day 4 Day 6 Day 8 Day 10
PH 20.10 a A 2346 a A 23.80 a A 2336a A 2330a A 20.50 a A
FB 1.86 b A 2.30 ab A 2.82 ab A 240 ab A 342 a A 2.77 ab A
RB 1.64 a A 1.26 a A 1.48 a A 1.14 a A 142 a A 1.06 a A
TB 350a A 358 a A 416 a A 354aA 448 a A 3.64a A
WRCF**  92.06 a A 8799 a A 5782 ab AB 4453 a AB 4026b AB 2365bB
WRCS** 4797 a AB 5388 a A 3128 bc CD 3430 b BC 1626 d D 21.51 ¢d CD
AR 1.14 d DE 513bB 648 a A 206 c C 1.52 d CD 0.65¢ E
E** 238 a A 239a A 1.63b B 052cC 032cC 0.55¢C
gF* 0.07 a A 0.07 ab A 0.05b A 0.01 cB 0.01 ¢cB 001 ¢cB

PH: plant height (cm), FB: foliage biomass (g), RB: root biomass (g), TB: total biomass (g), WRCF: water
relative content in the foliage (%), WRCD: water relative content in the substrate (%), A: photosynthesis (umol
CO, m?s™), E: transpiration (mol H,O m?s™), g;: stomatal conductance (mol H,O m?-s"). Values with the
same lowercase or capital letter within averages rows are statically equal according to the Tukey test (p<0.05
and p<0.01, respectively). ** Highly significant differences (p<0.01).

JIVERDENLIA JuLY 2018 « VOL. 43 N° 7

523



DPPH radical that sometimes
reacts after longer periods
(Sanchez-Moreno et al., 1998).
Indeed, due to the different
pathways of antioxidant activity
and the extreme dependency of
this method on the employed
condition, not all the PC pres-
ent in nature could have the
same AA against the DPPH
radical (Pena-Cerda et al.,
2017). It was remarkable that
the highest A was determined
on day 4 and the highest accu-
mulation of PC was determined
two days later. Considering that
the determination of such anti-
oxidant compounds is destruc-
tive, and based on the experi-
mental evidence, a physiological
and non-destructive measure-
ment such as the A could be
used to infer that when this
variable reaches its highest val-
ue, two days later the maxi-
mum accumulation of phenolic
compounds will be also
reached.

In relation to the determina-
tion of minerals, the concentra-
tion of N, P, K and Zn in the
tissue was reduced (p<0.01) as
the intensity of the water stress
increased (Table IT). According
to Khasanova et al. (2013),
under water stress N cannot be
mobilized from the senescent
leaves and be internally stored.
The water stress reduces the
contents of P and/or K , limit-
ing them as the tissue devel-
ops, due to the importance of
these elements in the plant bi-
ology (Sardans and Pefiuelas,
2007). If the plants would have
been harvested on day 6 after
beginning the water stress, the
P, K, Ca, Mg and Cu contents
would have been the same as

on day 0; while those of Mn
and Na would have been high-
er. Mn is an essential element
in the human diet and has a
key role in the defense against
free radicals (Lobo et al.,
2010; Valko et al., 2007). In
relation to Fe, a tendency to
increase its concentration in
the tissue was observed. It is
well known that the Fe plays a
fundamental role in human
health (Abbaspour et al.,
2014). There were no differ-
ences (p>0.05) in the plant
height and total biomass,
which might indicate that the
plant size was the same be-
tween the days 0 and 6; there-
fore, the market value of the
plant would not decrease be-
cause of subjecting the plant to
water stress on any of these
days, but the accumulation of
PC and potentially of Fe would
provide a high added value.
One of the better known mor-
phological responses to water
stress is the increase in the
development of a radical sys-
tem (Jaleel et al., 2009).
However, we found no differ-
ence (p>0.05) between the bio-
mass destined to the root and
foliage, which ensures that
there would be no significant
differences in the plant size if
harvested on the recommended
day after the beginning of the
water stress. The studies about
antioxidants in plants and food
have become one of the most
popular topics today in the
agri-food area, and it has been
proposed that compounds as
polyphenols might contribute
to improve health through the
consumption of fruits and veg-
etables (Herrera et al., 2009).

Conclusions

The lettuce plants of the
Chavela cultivar subjected to
water stress at the end of their
productive cycle show an in-
crease of their photosynthesis
rate on the day 4, and two days
later the highest increase of the
phenolic compounds was deter-
mined, while their morphology
and mineral content remained
without important variation.
Through the management of the
water stress it would be possi-
ble to harvest plants with anti-
oxidant proprieties by using
physiological non-destructive
responses as indicators.
However, it is necessary to
evaluate the management in
experimental field plots, differ-
ent stress sources, perform
deeper antioxidant and enzy-
matical essays, and evaluate the
post-harvest management and
the human health benefits.

REFERENCES

Abbad H, El Jaafari SA, Bort J,
Araus JL (2004) Comparative
relationship of the flag leaf and
the ear photosynthesis with the
biomass and grain yield of du-
rum wheat under a range of wa-
ter conditions and different geno-
types. Agronomie 24: 19-28.

Abbaspour N Hurrell R, Kelishadi R
(2014) Review on iron and its
importance for human health. J.
Res. Med. Sci. 19: 164-174.

Awad MA, Al-qurashi AD, Moha-
med SA (2011) Antioxidant ca-
pacity, antioxidant compounds
and antioxidant enzyme activi-
ties in five date cultivars during
development and ripening. Sci.
Hort. 129: 688-693.

Beck EH, Fettig S, Knake C, Hartig
K, Bhattarai T (2007) Specific

and unspecific responses of
plants to cold and drought
stress. J. Biosci. 32: 501-510.

Bernacchia G, Salamini F, Bartels D
(1996) Molecular characteriza-
tion of the rehydration process
in the resurrection plant Cra-
terostigma plantagineum. Plant
Physiol. 111: 1043-1050.

Boo HO, Heo BG, Gorinstein S,
Chon SU (2011) Positive effects
of temperature and growth con-
ditions on enzymatic and antio-
xidant status in lettuce plants.
Plant Sci. 181: 479-484.

Chisari M, Todaro A, Barbagallo
RN, Spagna G (2010) Salinity
effects on enzymatic browning
and antioxidant capacity of
fresh-cut baby Romaine lettuce
(Lactuca sativa L. cv. Duende).
Food Chem 119: 1502-1506.

Durazzo A, Azzini E, Lazzé MC,
Raguzzini A, Pizzala R, Maiani
G, Palomba L, Maiani G (2014)
Antioxidants in italian head
lettuce (Lactuca sativa var.
Capitata L.) grown in organic
and conventional systems under
greenhouse conditions. J. Food
Biochem. 38: 56-61.

Farooq M, Wahid A, Kobayashi N,
Fujita D, Basra SMA (2009) Plant
drought stress: effects, mecha-
nisms and management. In
Sustainable Agriculture. Springer.
Netherlands. pp. 153-188.

Foyer CH, Noctor G (2005) Redox
homeostis and antioxidant signa-
ling: a metabolic interface bet-
ween stress perception and phy-
siological responses. Plant Cell
17: 1866-1875.

Foyer CH, Noctor G (2003) Redox
sensing and signalling associa-
ted with reactive oxygen in
chloroplasts, peroxisomes and
mitochondria. Physiol Plant
119: 355-364.

Galieni A, Di Mattia C, de Gregorio
M, Speca S, Mastrocola D,
Pisante M, Stagnari F (2015)
Effects of nutrient deficiency
and abiotic environmental

TABLE II
MINERALS DETERMINED DURING THE KINETIC STUDY OF THE RESPONSE TO WATER STRESS

Mineral Day 0 Day 2 Day 4 Day 6 Day 8 Day 10
N (%) ** 3.94 ab AB 4.03 a A 3.78 abc ABC 3.62 cd BC 3.74 bed ABC 349dC
P (%) ** 048 a A 045a A 0.47 a A 0.44 a A 0.48 a A 034bB
K (%) ** 543b B 577 a A 487 ¢ C 576 a A 368 ¢ E 441 dD
Ca (%) ** 223bB 336 b B 254bB 271bB 341b B 527 a A
Mg (%) ** 0.17c B 0.19 bc B 0.20 ab AB 0.19 bc B 0.19 bc B 022aA
Na (%) * 1.56 d D 252bB 249b B 283 aA 252bB 219cC
Fe (ppm) 19333 a A 216.00 a A 208.33 a A 217.00 a A 21333 a A 22233 a A
Cu (ppm) 2.00a A 3.00 a A 133a A 1.33a A 1.33a A 200a A
Zn (ppm) ** 67.00 abc AB 68.33 a A 67.67 ab AB 62.00 bed AB 60.33 d B 61.00 cd AB
Mn (ppm) ** 15433 d D 178.33 be BC 17233 ¢ C 21333 a A 191.00 b B 22500 a A

Values with the same lowercase or capital letter within averages rows are statically equal according to the Tukey test (p<0.05 and p<0.01, respectively).

* Significant differences (p<0.05).

** Highly significant differences (p<0.01).

524

JULY 2018 « VOL. 43 N° 7 JITERCIENDIA



stresses on yield, phenolic com-
pounds and antiradical activity
in lettuce (Lactuca sativa L.).
Sci. Hort. 187: 93-101.

Gill SS, Tuteja N (2010) Reactive
oxygen species and antioxidant
machinery in abiotic stress tole-
rance in crop plants. Plant
Physiol. Biochem. 48: 909-930.

Herrera E, Jiménez R, Aruoma OI,
Hercberg S, Sanchez-Garcia I,
Fraga C (2009) Aspects of anti-
oxidant foods and supplements
in health and disease. Nutr. Rev.
67: 140-144.

Jaleel CA, Manivannan P, Wahid A,
Farooq M, Al-Juburi HJ, Soma-
sundaram R, Panneerselvam R
(2009) Drought stress in plants:
a review on morphological cha-
racteristics and pigments com-
position. Int. J. Agric. Biol.
11: 100-105.

Khan NA, Singh S (2008) A4biotic
Stress and Plant Responses. 1K
International. New Delhi, India.
299: 205-215.

Khasanova A, James JJ, Drenovsky
RE (2013) Impacts of drought
on plant water relations and ni-
trogen nutrition in dryland pe-
rennial grasses. Plant Soil
372: 541-552.

Lobo V, Patil A, Phatak A, Chandra
N (2010) Free radicals, antio-

xidants and functional foods:
Impact on human health.
Pharmacogn. Rev. 4(8): 118.

Massacci A, Nabiev SM, Pietrosanti
L, Nematov SK, Chernikova
TN, Thor K, Leipner J (2008)
Response of the photosynthetic
apparatus of cotton (Gossypium
hirsutum) to the onset of
drought stress under field condi-
tions studied by gas-exchange
analysis and chlorophyll fluores-
cence imaging. Plant Physiol.
Biochem. 46: 189-195.

Moreno LP (2009) Respuesta de las
plantas al estrés por déficit hi-
drico. Una revision. Agron. Col.
27: 179-191.

Muller B, Pantin F, Génard M, Turc
O, Freixes S, Piques M, Gibon
Y (2011) Water deficits uncou-
ple growth from photosynthesis,
increase C content, and modity
the relationships between C and
growth in sink organs. J. Exp.
Bot. 62: 1715-1729.

Nunes C, de Sousa-Aratjo S, da
Silva JM, Fevereiro MPS, da
Silva AB (2008) Physiological
responses of the legume model
Medicago truncatula cv. Jema-
long to water deficit. Environ.
Exp. Bot. 63: 289-296.

Oh MM, Carey EE, Rajashekar CB
(2009) Environmental stresses
induce health-promoting phytoche-

micals in lettuce. Plant Physiol.
Biochem. 47: 578-583.

Pandey KB, Rizvi SI (2009) Plant
polyphenols as dietary antioxi-
dants in human health and di-
sease. Oxid. Med. Cell Longev.
2(5): 270-278.

Penia-Cerda M, Arancibia-Radich J,
Valenzuela-Bustamante P, Pérez-
Arancibia R, Barriga A, Seguel
I, Delporte C (2017) Phenolic
composition and antioxidant
capacity of Ugni molinae Turcz.
leaves of different genotypes.
Food Chem. 215: 219-227.

Queval G, Hager J, Gakiére B,
Noctor G (2008) Why are litera-
ture data for H,0, contents so
variable? A discussion of poten-
tial difficulties in the quantitati-
ve assay of leaf extracts. J. Exp.
Bot. 59: 135-146.

Rivero RM, Kojima M, Gepstein
A, Sakakibara H, Mittler R,
Gepstein S, Blumwald E
(2007) Delayed leaf senescen-
ce induces extreme drought
tolerance in a flowering plant.
Proc. Natl. Acad. Sci. 104
(49): 19631-19636.

Ruiz-Nieto JE, Aguirre-Mancilla
CL, Acosta-Gallegos JA, Raya-
Pérez JC, Piedra-Ibarra E,
Vazquez-Medrano J, Montero-
Tavera V (2015) Photosynthesis
and chloroplast genes are

involved in water-use efficiency
in common bean. Plant Physiol.
Biochem. 86: 166-173.

Sanchez-Moreno C, Larrauri JA,
Saura-Calixto F (1998) A proce-
dure to measure the antiradical
efficiency of polyphenols. J. Sci.
Food Agr. 76: 270-276.

Sardans J, Pefiuelas J (2007)
Drought changes phosphorus
and potassium accumulation
patterns in an evergreen
Mediterranean forest. Funct.
Ecol. 2I: 191-201.

Valko M, Leibfritz D, Moncol J,
Cronin MT, Mazur M, Telser J
(2007) Free radicals and antioxi-
dants in normal physiological
functions and human disease.
Int. J. Biochem. Cell Biol.
39: 44-84.

Yoshida S, Forno DA, Cock JH,
Gomez KA (1976) Laboratory
Manual for Physiological
Studies of Rice. 3 ed.
International Rice Research
Institute, Manila, Philippines.
pp. 14-22.

Zin ZM, Hamid AA, Osman A,
Saari N (2006) Antioxidative
activities of chromatographic
fractions obtained from root,
fruit and leaf of Mengkudu
(Morinda citrifolia L.). Food
Chem. 94: 169-178.

APPENDIX
COMPLEMENTARY INFORMATION OF THE STATISTICAL ANALYSIS

Variable MST MSE F P R? CV HSD
PH 13.36 7.37 1.81 0.149 12.28 11.68 2.716
FB 1.42 0.58 2.44 0.064 19.85 27.76 0.765
RB 0.24 0.28 0.83 0.540 0.0 33.47 0.537
TB 1.41 2.01 0.70 0.629 0.0 32.96 1.419
WRCF 3.200 469 6.82 < 0.01 50.07 38.88 21.67
WRCS 1.068 41.2 2593 < 0.01 81.13 22.84 6.420
A 28.52 0.05 543.17 < 0.01 98.94 12.08 0.229
E 4.59 0.06 70.69 < 0.01 92.32 19.08 0.254
g, < 0.01 < 0.01 47.28 < 0.01 88.86 24.53 0.010
PC < 0.01 < 0.01 143.66 < 0.01 97.67 7.00 0.007
AA 104.31 0.39 267.25 < 0.01 98.74 0.54 0.624
N 0.11 < 0.01 13.27 < 0.01 78.31 2.11 0.093
P < 0.01 < 0.01 12.11 < 0.01 76.57 4.81 0.025
K 2.08 < 0.01 279.50 < 0.01 98.79 1.55 0.086
Ca 3.56 0.20 17.88 < 0.01 83.23 10.77 0.446
Mg < 0.01 < 0.01 9.75 < 0.01 72.02 4.80 0.009
Na 0.57 < 0.01 114.38 < 0.01 97.09 2.32 0.070
Fe 307 255 1.20 0.365 5.63 5.15 15.97
Cu 1.30 0.66 1.95 0.159 21.84 43.87 0.816
Zn 40.06 4.83 8.29 < 0.01 68.19 3.01 2.198
Mn 2091.3 344 60.81 < 0.01 94.62 2.62 5.864

For symbols and units of the variables see Tables I and II. PC: phenolic compounds, AA: antioxidant activity, MST:
mean square of the treatments, MSE: mean square of the error, CV: coefficient of variation, HSD: honestly significant

difference of Tukey (0.05).
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