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ABSTRACT. The efficient use of irrigation water in rice
cultivation is a priority, due to the volume of water consumed
this grain; for this reason the application of alternatives that
reduce the volumes of water to use is necessary, without it
affecting the agricultural performance. The research was
conducted at the Experimental Station of Zaidin, Granada,
Spain, in semi-controlled plastic flowerpots conditions
with rice plants 'INCA LP-5’, which were cultured under
anaerobic conditions and were exposed to water deficit by
the suspension of the water lamina in three stages, at 30,
40 and 50 DAT for a period of 15 days. It was evident that
the suspension of the lamina of water caused water stress
on the plant, which manifested itself through decreased air
plant growth, leaf water potential and stomatal conductance.
On the contrary, the plant root mass, the content of proline,
hydrogen peroxide, oxidative damage and antioxidant
glutathione content increased, while the reduced ascorbate
decreased. In general, the water deficit worsened in the plant
when applied to the 50 DAT, regarding the suspension of
the water level at 30 DAT.
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INTRODUCTION

In Cuba, rice is grown in three different
conditions depending on the water applied.
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RESUMEN. El uso eficiente del agua de riego en el cultivo
del arroz es prioritario, debido a los volimenes de agua que
consume este cereal; por tal motivo se hace necesario la
aplicacion de alternativas que disminuyan los volumenes
de agua a utilizar, sin que se afecte el rendimiento agricola.
La investigacion se realizo en la Estacion Experimental del
Zaidin, Granada, Espafia, en condiciones semi-controladas en
macetas plasticas, con plantas de arroz 'INCA LP-5', que se
cultivaron en condiciones de anaerobiosis y fueron expuestas
a déficit hidrico, mediante la suspension de la ldmina de agua
en tres momentos, a los 30, 40 y 50 DDT por un periodo de
15 dias. Se evidencio que la suspension de la lamina de agua
provoco un estrés hidrico en la planta, que se manifesto a través
de la disminucion del desarrollo aéreo de la planta, el potencial
hidrico foliar y la conductancia estomatica. Por el contrario,
se incremento6 la masa radical de la planta, el contenido de
prolina, de perdxido de hidrogeno, el dafio oxidativo y el
contenido del antioxidante glutation, a la vez que disminuy6
el ascorbato reducido. En sentido general, el déficit hidrico en
la planta se agudizé cuando se aplico a los 50 DDT, respecto a
la suspension de la ldmina de agua a los 30 DDT.

Palabras clave: antioxidante, conductancia estomatica,
inundado, irrigacion, potencial hidrico

The first condition is with irrigation or flooding,
which needs sufficient availability of water
to guarantee the cultivation, in all or in great
part of its cycle, with a lamina of water of
approximately 10 cm. The second is known as
rainfed rice, depending on rainfall throughout
its biological cycle, which requires as much as
200 mm of rain per month and it is important
both the amount and frequency of rainfall.
Under these conditions, this cereal is severely
affected by the lack of water throughout its cycle,



Michel Ruiz Sanchez, Yaumara Mufios Hernandez, José M. Dell'Amico Rodriguez, Juan A. Cabrera Rodriguez, Ricardo Aroca /et al./

when there is no abundant precipitation or
stable sources of supply. Finally, rice cultivation
in favored rainfed conditions is also dependent
on rainfall, but occasionally receives irrigation
water supply (1). Although rice is grown under
the three conditions mentioned above, the
permanent crop represents the largest area
(2) and yields still do not exceed 3,5t ha'as a
national average (1).

Since the 1990s, research on water
management was carried out through the
application of a water deficit (water stress) in
the vegetative phase in rice cultivation by direct
sowing, which demonstrated the increase in
agricultural yield”; results that were included
in the Technical Standards for Crops 2005.
However, these investigations did not deepen
the physiological and biochemical response
at the plant level and did not include the rice
production by transplant technology. The rice
cultivated by this technology consumes less
water than the rice that is cultivated by direct
sowing (3); however, it has not been reported
for this technology the moment that a water
deficit can be applied, as an alternative to save
irrigation water and increase agricultural yield.

In Cuba, several studies have been carried
out to study the effect of induced water deficit
in the early stages of rice growth, to identify
physiological variables that facilitate the
selection of tolerant varieties and to know the
contribution of stem carbohydrates in the filling
of grains by direct sowing (4).

A possible way to increase the rice yield,
with a greater efficiency in the use of water,
could be the application of water stress during
the vegetative phase. The objective of this
first part is to evaluate the physiological
and biochemical response of rice cultivated
under anaerobic conditions and exposed to
suspension of the water table for a period of
15 days in the vegetative phase.

MATERIALS AND METHODS

The research was carried out in the
Experimental Station of Zaidin, Granada, Spain
(EEZ) in 2010 under greenhouse conditions,
with cv. INCA LP-5.

A Polon, R. “Impacto nacional en el incremento del rendimiento agricola,
economizar agua de riego y energia en el cultivo del arroz (Oryza sativa L.)
como consecuencia del estrés hidrico” [en linea]. En: XVI Forum de
Cienciay Técnica,2007, Codigo: 0109604 02, [Consultado: 1 de diciembre
de 2007], Disponible en: <http://www.forumcyt.cu/UserFiles/forum/
Textos/0109604.pdf>.
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Initially a seedbed of rice was established
in plastic trays of 0,40 x 0,80 x 0,08 m with
sterile sand. To achieve the rice germination,
the trays were watered until a lamina of water
5 cm above the surface of the sand was
obtained for a period of 24 hours, at which
time the tray was drained, keeping the sand
at maximum water retention capacity, until
two leaves per plant emerged. Subsequently,
the 3 cm water lamina was reestablished until
30 days after the emergency (DAE).

One plant was transplanted to 30 DAE
in each pot of 1 kg of capacity (0,18 m high
and 0,13 m diameter) containing a substrate
composed of sand (granulometry<1 mm) and
soil (granulometry<5 mm) in a 1:1 ratio (v:v).
The sand was sterilized at 120 °C for 20 min in a
Selecta autoclave, model PRESOCLAVE-II 75 L,
and the soil at 95-100 °C for 60 min daily for
three consecutive days. The soil that was used
was classified as Fluvisol Haplic Limestone
(5), which presented a pH of 8,1 (measured by
potentiometry), 1,81 % of organic matter (6),
assimilable phosphorus 6,2 mg kg (P-Olsen)
and exchangeable potassium 0,34 cmol kg™’
(extraction with NH,OAc 1 mol L' at pH 7).

The pots were placed in the greenhouse
where the seedlings were established, with
temperatures of 26 and 22 °C (day/night,
respectively). Relative humidity between
50-70 %, photoperiod of 16 hours of light and
8 hours of darkness and photosynthetically
active radiation of 850 pymol m2 s', measured
with a portable LIICOR (Lincoln, NE, USA,
model LI-188B); Following a completely
randomized experimental design, with bifactorial
arrangement and five replicates. Fifteen pots
per treatment were used, which allowed to carry
out the evaluations after each period without
water lamina.

The water supply consisted in maintaining
a water lamina of 5 cm on the surface of the
substrate in all the treatments. Fifty percent
of the pots were suspended at 30, 40 and
50 days before transplantation (DBT), for a
period of 15 days. At which time the water lamina
was replenished until 15 days before harvesting.
The group of pots that did not suspend the water
sheet remained as control treatments.

The total nutrient application, corresponding
to 0,123 g of N; 0,050 g of P,O, and 0,059 g
of K,O per pot was performed at 20, 35 and
60 DAT at 30, 40 and 30 %, respectively, using
Urea (46 % N), Triple Superphosphate (46 %
of P,O,) and Potassium Chloride (60 % of K,0O),
respectively.
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SAMPLING AND EVALUATIONS CARRIED OUT

Five plants per treatment were taken 15 days
after the suspension of the water lamina (45, 55
and 65 DAT), to evaluate the height of the plants
(AP), fresh aerial mass (AFM) and roots (MFR),
agricultural yield and its components, leaf water
potential (Wh), stomatal conductance (EC), proline
foliar contents (PRO), hydrogen peroxide (H,0,),
lipid oxidative damage (DOL), reduced ascorbate
(ASC) content, reduced glutathione (GSH), and
mycorrhizal root colonization.

The AP was measured from the surface of
the substrate to the upper end of the longest leaf
projected in the same direction of the stem. The
MFA and the MFR were determined separately,
through a cut that was made at the base of the
stem, the masses of both were measured in a
Technical Scale (Denver Instrument PK-601,
with a margin of error of 0,01 g) and expressed
in g plant™.

The Wh was determined by the Psycrometric
method (7), two hours after the start of daytime
photoperiod (between 9:00 and 10:00), for
which a system integrated by the microvoltmeter
HR-33T connected to a camera Psychotherapeutic
C52 (Wescor Inc., Logan, UT, USA). Ten discs
(0,005 m Diameter) by treatment of leaf central
part of the plant and placed in the chamber for
15 min to stabilize the temperature and the water
steam of the disk before performing the reading
of Wh, which was expressed in MPa.

The EC was measured using an AP4 Portion
(Delta-T Devices Ltd, Cambridge, UK), at the same
times where W, was determined and expressed in
mmol H,O m* s™'. Both variables were measured
in the well-developed leaves of the upper third of
the plant.

For the biochemical analyzes of PRO, H,0,,
DOL and GSH, three samples each of 0.5 g per
plant and 0.2 g per plant for the ASC were taken,
which were frozen at the time of sampling with
liquid nitrogen and stored at -80 °C.

After macerating the samples in liquid nitrogen
and adding the extraction solution specific for
each variable (Table), centrifuged or filtered as
appropriate and the supernatant (extract) was
extracted. The precipitate from each extraction was
collected in sterile Eppendorf, previously weighed
to determine the dry mass (MS). In all cases the
absorbance was measured by molecular absorption
spectrophotometry (Hitachi, model U-1900, Japan).

The PRO was determined at 530 nm of
absorbance (8), using ninhydrin reagent.
A standard curve was made from a proline solution
(1 mM) with the following concentrations: 0, 25,
50, 200, 200 and 300 uyM) of proline.

The content of hydrogen peroxide was
determined in the leaves (9), at 508 nm absorbance.
As a blank, 5 % TCA was used instead of extract
and the standard curve was prepared with H,O,
dissolved in extraction solution (Table). The H,O,
content was expressed in nmol g' MS.

Oxidative lipid damage was determined by
reading the absorbance at 532 and 600 nm (10),
this parameter was estimated from the content
of reactive substances of thiobarbituric acid
and expressed as MDA equivalents (11). As a
blank extraction solution was used instead of
extract (Table) and for the standard curve was
prepared with malondialdehyde (MDA) dissolved
in extraction solution, in the range of 0,1-10 nmol.
The DOL was expressed in nmol MDA g' MS.
The ASC content was quantified at 524 nm (12).
Extraction solution was used as the blank
instead of extract (Table). The reduced ascorbate
content was expressed in nmol g-1 MS.
The GSH content was determined at 412 nm for
5 min with a 1 min interval (13). As a white extraction
solution was used instead of extract (Table) and for
the standard curve oxidized glutathione (GSSG)
dissolved in extraction solution was used. The
reduced glutathione content was expressed in
nmol g' MS.

The means of the treatments were compared
from the confidence intervals for a = 0,05.

Table. Conditions and procedures of plant extraction for the determination of the biochemical variables

analyzed

Variables Extraction Solutions

Volume of extraction Centrifuged or filtered

Trichloroacetic acid (TCA) 5% (m/ v) +
activated carbon 2% (m / v) + polyvinyl SmL
polypyrrolidone (PVPP) 2% (m/ v)

Hydrogen peroxide

Oxidative lipid damage

Reduced Ascorbate

Reduced glutathione and
proline

20% (m/v)
Sulphosalicylic acid 5% (w / v)

Trichloroacetic acid (TCA) 15% (w / v) 4 mL
Metaphosphoric Acid 2% (m / v) + NaCl

18 000 g for
10 min at 4 °C

1500 g for 20 min at 4 ° C
Sml Filtered with filter paper
5mL 1000 g for 10 min at 4 °C
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RESULTS AND DISCUSSION

The suspension of the water lamina (Con E)
conditioned the cracking of the substrate in the
pot, besides the curl and erection of the leaves,
evidencing a water deficit in the plant, in the three
moments that the water lamina was suspended
(Figure 1).

) {  Without E

Figure 1. Effects of the suspension of the water
lamina for a period of 15 days at the 30
DAT, under potting conditions

BEHAVIOR OF OTHER PHYSIOLOGICAL INDICATORS
IN PLANTS

Figure 2 shows the effect on height (AP),
accumulation of fresh mass of aerial part (MFA)
and roots (MFR) of rice plants that remained
with a water lamina from the transplant time
(without E) and that they were exposed to
suspension of the water lamina (Con E) for a
period of 15 days, at 30, 40 and 50 DAT.

Plants exposed to water lamina suspension
showed lower AP (Figure 2A) and MFA (Figure 2B).
In the case of the MFR, the highest values were

presented in the plants exposed to suspension of
the water lamina in the three moments that this
condition was imposed (Figure 2C).

The potential leaf water variable (¥,) and
stomatal conductance (EC) are shown in Figure 3.
The period without a water slide caused a water
stress in the plant, which increased as the stress
was imposed later, reflected this in a decrease
of W, (Figure 3A).

The plants that were exposed to suspension of
the water lamina in the three moments, evidenced
water deficit, reflected this in a decrease of the
EC (Figure 3B). The EC was always higher in the
control plants (Without E), with the highest values
being found in those evaluated at 45 DAT. Under
these conditions, no differences were observed
at 45 and 55 DAT.

The reduction of ¥, and EC indicated a water
deficit in plants caused by the reduction of water
supply, variables that have been used as indicators
of stress due to water deficit in other crops, such
as tomato (14), Sorghum bicolor L. Moench (15),
maize (16) and rice (3, 17).

To the extent that water stress was imposed
later, it was limited to the growth and development
of the rice plant, which could be attributed to a
decrease in the entry of CO, into the cells and a
low efficiency in the use of the light; at the same
time, could cause inactivation of the photosynthetic
system and therefore, the plants did not produce
sufficient assimilates that contributed to the
cell division of the meristematic tissue for plant
growth (18).

Similar results were reported when growing rice
in non-flooded and flooded conditions (19). These
same authors emphasized that rice is sensitive to
soil water potentials below -30 KPa and besides
that, water stress stimulates radical growth.
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Figure 2. Height (A), fresh aerial mass (B) and fresh root mass (C), in plants cultivated with water lamina
(Without E) and exposed to suspension (with E) at 30, 40 and 50 DAT respectively
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Figure 3. Foliar hydric potential (A) and stomatal conductance (B), in plants cultivated with water lamina
(Without E) and exposed to suspension (E) at 30, 40 and 50 DAT, respectively

Although this level of potential does not reduce
transpiration in other rainfed crops, in rice it does
occur (19), because it presents a high sensitivity
in the stomata, which is related to the mechanisms
of signaling of the root through the ABA to prevent
water losses (20, 21).
All of the above indicated that the response
found for W, and CE, is also related to the water
absorption capacity of the plants and presumably
to the hydraulic conductivity of the root; which
apparently decreased the resistance to the
passage of water, in spite of a greater growth of
the roots, with respect to the control treatment
(without E).
The ranges of ¥, found with the imposition of
water stress for a period of 15 days, indicated that
this was severe for those plants that were exposed
to it at 40 and 50 DAT and from moderate to
30 DAT, according to the ranges proposed since
the year 1973 (22). This proposal was based on
an analysis of the published results on the effect of
water stress on plants and defined three degrees
of stress to categorize the water status of the
plant, taking into account the values of W, and the
relative water content (CRA):
¢ Light water deficit: when W, is greater than -5 bar
(-0.5 MPa) and CRA is reduced by 8-10%.

¢ Moderate water deficit: ¥, is between -5 bar
(-0.5 MPa) to -12 or -15 bar (-1,2 MPa or -1,5 MPa)
and CRA decreases between 10 and 20 %.

¢ Severe water deficit: W, is less than -15 bar
(-1.5 MPa) and CRA decreases by more than 20 %.

As a reference, the proposed categorization
corroborates that, for treatments exposed to water
deficit at 40 and 50 DAT, water stress was severe,
probably due to biochemical changes during stress
exposure (9), as will be analyzed below.
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BEHAVIOR OF BIOCHEMICAL INDICATORS
IN PLANTS

Figure 4 shows the content of proline (PRO),
hydrogen peroxide (H,O,), oxidative lipid damage
(DOL), reduced ascorbate content (ASC) and
reduced glutathione (GLT) rice.

At each moment of evaluation, it was found
that in the treatments without stress (Witness) the
plants presented the smaller contents of PRO,
this content decreased when they had a bigger
growth and development (Figure 4A).

The contents of H,0, at 30, 40 and 50 DAT were
low in the control plants (without E) (Figure 4A),
in relation to the treatments exposed to water
stress (with E), in these the content of H,O, in the
as the stress was later applied (50 DAT).

DOL (Figure 4C) was lower in plants that
were not exposed to stress due to water deficit
(without E) and among them, it was higher when
evaluating this indicator at 45 DAT. The higher
values of DOL were found in plants exposed to
water stress and within these treatments the
imposition of this condition at 30 DAT presented
higher values.

When analyzing the contents of the ASC
non-enzymatic antioxidant molecule (Figure 4D),
it was found increases in the control treatments at
the three moments in which they were evaluated
(45, 55 and 65 DAT) and among them the highest
contents corresponded to the plants evaluated
at 45 DAT.

On the other hand, in the treatments exposed
to water stress the contents of ASC decreased
as the stress was imposed later.
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Figure 4. Foliar Proline content (A), hydrogen peroxide content (B), oxidative lipid damage (C), reduced
ascorbate content (D) and reduced glutathione content (E) in plants grown with water
(without E) and exposed to suspension of the same (with E) at 30, 40 and 50 DAT, respectively

As for the GSH content (Figure 4E), the
highest values were found in the plants of the
stressed treatments, with values higher than the
plants evaluated at 45 DAT (stress was imposed
at 30 DAT).

Several authors report a high accumulation
and increase of PRO synthesis under stress
conditions, as an osmoregulatory and osmotic
adjustment mechanism in plants exposed to abiotic
stress (20,23), in addition to that the increase in
PRO is directly related to the production of H,0,
(24).

The results found for PRO, at the end of the
period of water stress (45 DAT) indicated that PRO
may be expressed as a signifier of the condition
to which the plants were exposed, even when
expressed as an osmoprotective agent (19), or
even doing both functions. These two mechanisms
were reported by several authors (23, 24). PRO
is an efficient indicator that is frequently used to
assess the tolerance of plants to a condition of
biotic or abiotic stress (4,8,16,17,23) and in the
selection of cultivars tolerant to water stress or
drought (24).

The increase of the GSH content corresponded
to the decrease of the DOL and the content of H,O,
found in the rice plants. Therefore, it is possible
to suggest its direct relation in the reduction of
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H,O, to H,O. Other antioxidant enzymes such as
peroxidase (PRX), ascorbate peroxidase (APX),
glutathione reductase (GR), superoxide dismutase
(SOD) and catalase (CAT), together with the
ascorbate-glutathione cycle, are involved in the
elimination of H,O,, in the defense mechanism of
the plant before a water deficit (25).

Apparently given the levels of GSH found, its
accumulation in plants is related to signals that
regulate this reaction, because this contributes to
the regeneration of ASC (26, 27).

Similar results were reported by other authors
(17, 20), coinciding with a reduction of DOL and H,O,,
content, when GSH content was increased, but in
rice plants cultivated under aerobiosis conditions
exposed to water deficit for a period of 15 days.
Several authors have used DOL as an indicator in
plants exposed to biotic or abiotic stress, as well as
the content of hydrogen peroxide (25, 27-31).

The above allows interpreting that, under
the conditions of anaerobiosis, the ASC is
possible to perform functions such as the
reduction of excess ROS over GSH or vice versa,
within the ascorbate-glutathione mechanism.
Another interpretation may be that, under
these conditions, an increase in the enzymatic
activity was observed, due to the oxidation or
reduction of these two molecules (ASC and GSH),



Cultivos Tropicales, 2017, vol. 38, no. 2, pp. 61-69

april-june

aspect not evaluated in this work and it is interesting
to continue investigating this mechanism of
Oxidation-reduction. In this regard, it was reported
the need to accurately quantify the changes in
the redox state within the cell during relatively
mild oxidative stress (27), in order to quantify the
changes recognized by the ROS that escape the
antioxidant system and how many are modulated
by the signal system (28).

The accumulation of ASC and GSH, in addition
to counteracting the production of H,O, in the
plant, could be involved in the elimination of other
ROS, such as free radicals, superoxide (O%),
hydroxyl (OH-) And singlet oxygen ('O,).

CONCLUSIONS

+ The suspension of the water lamina for a period
of 15 days caused water stress in the plant,
which was manifested through the decrease in
plant growth and aerial development, leaf water
potential and stomatal conductance, for on
the contrary, the radical mass of the plant was
increased.

+ From the biochemical point of view, the content of
proline, hydrogen peroxide, oxidative damage and
antioxidant glutathione content was increased,
while reduced ascorbate decreased.

¢ In a general sense, the water deficit in the plant
was exacerbated when it was applied later
(50 DAT), regarding the suspension of the water
lamina at 30 DDT.
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