http://www.pjbs.org PIB S ISSN 1028-8880

Pakistan
Journal of Biological Sciences

ANSInet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Pakistan Journal of Biological Sciences 11 (18): 2173-2183, 2008

ISSN 1028-8880
© 2008 Asian Network for Scientific Information

Drought Stress Effects on Root Anatomical Characteristics of Rice
Cultivars (Oryza sativa 1..)

A. Mostajeran and V. Rahimi-Eichi
Department of Biology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Abstract: The objective of this study was to compare some aspects of root anatomy of rice cultivars under

irrigation and submerged conditions. Seedling of three new rice cultivars (Zayande-Rood, 829 and 216) were

transferred to 9 lysiometers (200x120=100 cm) according to a randomized block design with two treatments
(submerged and aerated condition) in three replicates. The amount of water consumption was recorded during

growing season. Cross-sections of plant roots were obtained at two different times; two and four months after

seedling. The root samples were prepared from 20 mm of tip. Root cross-sections were successively stained with

1% aqueous solutions of Methyl green and Congo red. Figures of sections were made by LM. Anatomical

differences were observed among the three cultivars submitted to water regimes regarding the amount of

aerenchyma tissue and cell walls of secondary tissues. The irrigated roots of the three cultivars presented a

decreasing tendency in the proportion of the area of the cortex destined for the aerenchyma besides thickening

of the cell walls of endodermis, pith and sclerenchyma layer cells. The rate of aerenchyma disappearing in the
wrigated plants suggested different behaviors in different cultivars. Zyande-Rood and 829 cultivars extubited

extensive aerenchyma disappearing when the plants was irrigated compared to others. The sclerenchyma layer
cell walls in 2-month-old roots were higher in irrigated plants and also was higher in Zayande-Rood cultivar.

The result of xylem vessels wall indicated that the thicknesses of xylem vessels under submerged and irrigated
condition were 3.6 and 7.9 p in Zyande-Rood cultivar respectively. The thicknesses of endoderm cell wall of
the submerged roots ranged from 4.6 to 10.8 p for Zyande-Rood cultivar in submerged and irrigated conditions
respectively and were lower for other cultivars. The water consumptions were 43.04 and 82.5 cm in whole season

for urigated and submerged condition, respectively.

Key words: Drought stress, root anatomical characteristics, Oryza sativa, aerenchyma, endodermis cell wall,

xylem cell wall, cavitation, fiber cell wall

INTRODUCTION

Drought has a major impact on plant growth and
development, limiting crop production throughout the
world. Plant tissue responses to water stress depend on
the physiological properties of the cell components and
the anatomic characteristics that regulate the transmission
of the water stress effect to the cells (Matsuda and
Rayan, 1990; Shinozaki et of., 2003; Xiong et al., 2002,
Olmos et al., 2007). Consequently, it should be expected
that species living in habitats where flooding and drought
alternate, will be under a strong selective pressure to
develop the ability to adjust their anatomy and
physiclogy according to the stress under which they are
growing. Rice (Oryza sativa L.) a semi-aquatic cereal, is
adapted to a variety of climates.
physiological and phenological traits

A number of
morphelogical,

have been proposed to improve the performance of rice
challenged either by drought or flooding (Guzmam and
Zamora, 2008, Siopongce et al., 2008). A principal
mechamsm by which rice has become adapted to water
deficiency is through the possession of a pronounced
root system which maximizes water capture and allows
access to water at depth (Babu et af., 2001; Asch et al.,
2005). However the most studied plastic response to
flooding is the formation of aerenchyma in the root cortex
(Justin  and Armstrong, 1987; Justin and Armstrong,
1991; Striker et al., 2007). The aerenchyma found in
roots provides an interconnected system of air
channels, enabling gases to diffuse or ventilate from
above-ground to below-ground organs and thus
helping to maintain aerobic respiration and
thizosphere oxygenation (Jackson and Armstrong,
1999, Colmer, 2003). Tncreased aerenchyma i a
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common adaptive response of plants to soil anoxia (Justin
and Armstrong, 1987; Jackson and Armstrong, 1999;
Jackson and Colmer, 2005). In Orvza sativa, aerenchyma
produced under flooding 18 formed by cell lysis and
cell deflation. However, the formation of additional
aerenchyma in the root cortex produces large variations in
the internal structure of the roots (Justin and Armstrong,
1987, Suralta et al., 2008), which might lead to a trade-off
in root mechamcal strength necessary to resist both
natural and anthropogenic
(Engelaar et al., 1993). The aerenchyma arrangement in
the root cortex in response to flooding is variable
among genotype (species, as well as cultivar/accession)
(Tusin and Armstrong, 1987; Jakson and Armstrong, 1991,
Guzmam and Zamora, 2008; Shiono et al, 2008) and
environmental conditions (Colmer, 2003). Additional
studies have suggested that a positive relationship exists
between the frequency of flooding experienced by a given
species and the ability of that species to form aerenchyma
(Visser et al., 2000). Similarly, mcreased aerenchyma
formation is positively related to increased growth and

soil compressive forces

swvival under waterlogged conditions (McDlonald et al.,
2002).

The plant vascular system 1s responsible for the
transport  of water, ions, carbohydrates and other
nutrients. Tt has been the subject of numerous studies,
because 1t may also comstrain the distribution of
resources within a plant (Onansal and Jones, 2001;
Orians et al., 2002; Zwieniecki et al, 2003). Multiple
characteristics structures  have been
mvestigated, modifications to the wall
architecture, ion composition, protein expression and
alteration of the xylem/phloem ratio, all of which are
thought to be involved m the resistance of the plant to
environmental stresses (Saijo et al., 2001; Equiza and
Tognetti, 2002; Child et al., 2003; Zwiemeck et al., 2003).
In contrast, most investigations have focused on the
structure of the root cylinder (Colmer, 2003; Hoale et al.,
2001; Steudle, 2000), especially during environmental
stresses.

Moreover, plant cell walls play essential roles in
growth, development, response to environmental factors
(Chen et al., 2006). Variations i the cell wall during the
development of the plant provide an excellent model
system for studies of the mechamsms that determine
growth regulation and adaptation to different
environmental conditions (Moore et ai., 2002; Sabba and
Lulai, 2002). Tissues exposed to environments with low
water availability have generally shown reduction in cell

of vascular
such as

size, increase mn vascular tissue and cell wall thickness
(ligmfication) (Pitman et al., 1983). Anatomical alterations
may occur in plants under water deficit to protect and

adapt the species to this stress. These alterations are
probably due to lignin or suberin deposits found in the
exodermis, endoderm and cell layers neighboring the root
cortex and medulla (Baruch and Mérida, 1995) that protect
against desiccation and cortex cell death (Sharp and
Davies, 1985, Sharp, 1996; Vasellati et al., 2001,
Pena-Valdivia et af., 2005).

One approach to improve crop performance in water-
limited environments is to select for genotypes that have
improved yield in these environments. This approach has
proved partially successful, but difficult to accomplish
due to the variability of rainfall and the polygenic nature
of drought tolerance (Mullet and Whitsitt, 1997,
Mullet et al., 2005; Ribaut and Ragot, 2007).

The objective of this study was to quantify
differences in root anatomy among three rice cultivars
under submerged (traditional cultivation) and irrigated
condition. In this research, the effect of fewer water
supplies to rice n oot structure and 1ts component will be
evaluated. Consequently we show how the comparative
analysis of differences in drought resistance between rice
cultivars can be used as criterion for selection of cultivars
differing in water stress resistance. In rice, a better
understanding of the morpho-anatomical and
physiological basis of such differences in water stress
resistance could be used to select or create new varieties
of crops to obtain a better productivity under water stress
conditions. This information will serve to genetic
improvement of water deficit resistance in rice and also
has potential benefits to agricultural especially in arid
region for rice production.

MATERIALS AND METHODS

This experiment was conducted in late April 2005 in
glass house of Biology Department, University of Isfahan.
Three new cultivars of rice including 216, 829 and
Zyande-Rood were planted in separated pans to have
seedling. In May of 2005, three rice cultivars’ seedlings
were transferred to 9 lysiometers (200x120x100 cm)
according to a randomized block design with two
treatments of submerged and aerated condition in three
replicates. During the growing season, the water level
kept up to 5 cm m submerged treatment but mn wrigated
plots the water applied as closely spaced borders type
irrigation. The amount of water consumption was
recorded during growing seasorn. Plant samples were
obtained m two different times, two and four months after
seedling. The roots of plant samples were washed and
then fixed in FAA (formaldehydetacetic acidt 70% ethylic
alcohol) for 72 h and kept in 70% alcohol until cutting.
The microscopic sections were obtained from one third of
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root tip and then aerenchyma formation was compared
within treatments. Root cross-sections were prepared from
plant samples using fixed roots. Cross-sections were
taken at almost 20 mm distances from the root tip and
material inclusion in stalk were later lightened in sodium
hypochloride solution at 20% commercial product for a
period of three to five minutes and then washed three
times 1n distilled water. The material was then neutralized
with acetic acid solution at 5% for one mmnute and the
washing process was repeated. The samples were
successively stained with 1% aqueous solutions of
Methyl green and Congo red (Da Silva et al, 2003).
Figures of sections were made by LM (Olympus
microscope model BX-50).

RESULTS

The water consumed during growing season show
that in irrigated treatment the amount of water consumed
was 43.04 cm and 1 submerged condition was 82.5 cm.
This 1s almost 2-fold of water used i submerged
condition. The numbers of urigation in different
treatments were 4 and 10 times in irrigated and submerged

treatment respectively (Table 1). Although comparison for
water and labor saving is more concerned in agricultural
sector, in this paper anatomical aspect is more considered.

Aerenchyma: Fully developed aerenchyma was observed
at 20 mm distance from tip in submerged roots (Fig. 1A,
B). The results indicated that rice roots under submerged
condition (traditional cultivation) consist of more
aerenchyma and air spaces than plants under irrigated
condition. Interestingly, the roots of plants grown in
irrigated condition for four months generally had less
aerenchyma than those of plants grown i submerged
system for two months (Fig. 1C-F). Furthermore, Zyande-
Rood and 829 cultivars extubited extensive aerenchyma
disappearing when the plants was irrigated compared to
others. Consequently in aerated soils, the overall amount
of aerenchyma m Zyande-Rood and 829 cultivars was
lower than the 216 cultivar (Fig. 1).

Table 1: The average amounts of water conswmed in irigated and
submerged treatments in lysiometer for rice production

Times of Water consumed in Total amount
Treatment irrigation each irrigation (cm) of water (crm)
Submerged 36 2.29 82.50
Lrigated 4 10.76 43.04

Fig. 1: Sections of roots of rice (Oryza sativa) plants cultvar Zayande-Rood (A-F). Aerenchyma formation at
submergence (A and B), imigated (2 months under treatment) (C and D) and irrigated (4 months under treatment)
(E and F). The cross-sections were obtained at 20 mm from the root tip
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Table 2: The changes in xylem pith and endoderm cell wall (1) of rice at four months old plants in submerged and irigated condition

Hylem cell wall Pith cell wall Endoderm cell wall
Cultivars Submergence Imigated Submergenice Irmigated Submergence Irrigated
Zayande Rood 3.6 7.9 1.2 3.7 4.6 10.8
829 3.9 6.8 1.2 3.2 4.7 8.9
216 3.7 55 1.1 3.2 4.5 7.2

The mean values were obtained from 20 samples

Table 3: The change in sclerenchyma layer thickness p for two months old
plants in submerged and irrigated condition

Cultivars Submergence Irmigated Change (%)
Zayande Rood 1.6 34 112.5
829 1.8 2.8 55.6
216 1.6 2.3 43.8

The mean values were obtained from 20 samples

The cross-section of the root of plants shows
massive secondary wall thickeming of medulla cells and
sclerenchyma layer (Fig. 2A, B, G, H). The results
indicated that the thickness of fiber cell wall increased in
three cultivars under wrrigated condition

This condition could accelerate the formation of
secondary tissues components such as lignin, suberin
and cellulose in the irrigated roots.

There were also differences in the thickness of
endoderm cell walls of the rice roots under different
treatments. It was observed that the endoderm cell wall
under submerged condition was thickened compared to
the wrrigation condition. The effect of wrigation system on
endoderm cell wall thickness was different in different
cultivars. The highest difference was observed in
Zayande-Rood cultivar and the lowest belongs to 216
cultivar. Plants grown for two months m submerged
system, the endodermis at 20 mm distance from the root
tip was not developed significantly (Fig. 2C, D). In
contrast, the roots were grown for 4 month under
submerged condition the endoderm cell wall was
mcreased but it was not as much as the rate of roots
under irrigated condition (Fig. 2E, F). The thicknesses of
endoderm cell wall of the submerged roots ranged from
4.6 to 10.8 p for Zyande-Rood cultivar in submerged and
urigated conditions, respectively (Table 2) and were lower
for other cultivars.

DISCUSSION

Aerenchyma: A decrease in root’s aerenchyma was
observed in all cultivars in irrigated condition compared
to the submerged treatment (control). However m Zyande-
Rood and 829 is more extensive. The existence of
aerenchymas helps the plants under conditions of excess
water in the soils to maintain aerobic respiration by
maintaining O, diffusion (Kawawse, 1981, Colmer, 2003).
Although, under flooded condition, the formation of
aerenchyma consider as a favorite characteristic, Tt can be

appeared as a significant weakening factor under irrigated
treatment (Striker et al., 2007). Roots commonly suffer
mechanical stress dunng their lifespan (Bennie, 2002) due
to water level fluctuation. Soil swelling-shrinkage as a
result of repeated wetting-drying cycles 1s major factor
producing mechanical stress on roots in grassland
ecosystems.

Depending on the soil type and condition, such
stresses can involve pressure ranging from 120 to 200 kPa
because of soil shrinkage (Kirby and Bengough, 2002;
Bengough et al., 2006). This type of mechamcal stress can
lead roots to collapse, therefore limiting water and nutrient
uptake (Bengough et af., 2006).

Furthermore, in many grassland of the world, root
systems could be exposed to the combmation of
antagomstic stress factors such as flooding and soil
compaction as part of the natural disturbance regime.

In such conditions, the advantage of increased root
porosity for oxygenation could endanger the mechanical
strength of the roots, which helps them resist the
subsequent soil shrinkage associated with the decrease
of soil water content immediately after flooding. However,
anatomical features that facilitate growth in waterlogged
soils may cause himitations for root functiomng under
well-draned conditions (Stiker, 2007). Aerenchyma
formation may weaken the root structure. After flooding,
when the compacted, the
aerenchymatous structure may collapse under external
pressure and the aniount of functional root tissue may be
reduced (Engelaar et al., 1993).

Similar experiments show that The porosity in roots
of wetland grasses increased 1-2 to 2-2 fold above these
constitutive levels when grown in stagnant rather than
aerated solution; a similar finding indicated a range of 1-3
to 3-0 fold increase in aerenchyma for several wetland
grasses grown in flooded compared to dramed sand. The
adventitious root porosity previously reported for dry
land grass species ranged from 6 to 9% m drained
conditions to around 12% m waterlogged conditions
(Smimoff and Crawford, 1983) and from 1 to 6% in drained
conditions to 2-18% in waterlogged conditions (Justin
and Armstrong, 1987, Rubio et al., 1995). Loreti and
Oesterheld (1996) also showed that root porosity
increased under flooding and decreased under drought
conditions.

soil becomes more
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anatomy of four grasses under drought and flood
conditions and obtained similar results for cell wall
thickening in the endoderm, epiderm, cortex and medulla
cells. Sharp and Davies (1985) and Stasovski and Peterson
(1991) also observed thickening of the endoderm and
exodermis of maize roots exposed to low water availability.

Several recent studies have shown that modifications
of cell wall polymers help to create barriers to water,
solutes, gases and pathogens in plants exposed to
unfavorable biotic and abiotic stress conditions
(Hose et al., 2001, Hartmam et af., 2002, Moore et al.,
2002; Sabba and Lulai, 2002; Enstone et al., 2002) . Rice
roots develop apoplastic barriers in the endodermis and
exodermis and a sclerenchyma layer, which may impede
the apoplastic component of water flow across the root
cylinder (Clark and Harris, 1981, Miyamoto et al., 2001).

Researches show that the main apoplasmic
resistances are the exodermis and endodermis which form
the outer and inner boundaries of the root cortex,
respectively. According to Van Fleet (1942) endodermal
development (including suberization and wall thickening)
is most effectively promoted by an alternation of diy and
wet (aerated) conditions m several species of Allium.

Others have reported that endodermal and exodermal
development is promoted by drought (Jupp and Newman,
1987, North and Nobel, 1991) and low temperature
(Cruz et al., 1992). Cell wall thickness of root endodermis
n a japonica-type lowland rice cultivar and two tropical
japonica-type upland rice cultivars were measured by a
Scanning Flectron Microscope (SEM).

Moreover, It has been supposed that root
endodermis play rolls of barrier for radial water movement
in plant roots. Other experiments show that the cell size of
endodermis was larger n the two upland rice cultivars
than in the lowland rice cultivars and so the wall
thickness. This result indicates that varietals difference in
the cell-wall thickness of endodermis may determine the
drought tolerance in these types of rice cultivars, because
the secondary thickening of cell walls may prevent from
water-leakage of roots. Moreover, the endodermis might
be expected to have a protective function during drought
(Peterson, 1992; Stasovski and Peterson, 1993). The
presence of a conspicuous endodermis may play a role in
preventing the collapse of the immer portion of the root
and in protecting stellar tissues from desiccation, as has
been found in roots exposed to drying seil (Sharp and
Davies, 1985; Petersory, 1992; Allaway and Ashford, 1996).

The strength of vegetal organs, such as roots,
depends on its structural type, size and constitutive
materials (Aranwela et al., 1999). The resistance of the
organ 1s expected to be higher if there 1s a presence of
strong mechanical tissues beneath the epidermis, for

example, the reported sclerenchymatous ring in rice stems
(Li, 2003). The cell wall thickening could raised from
activation of some genes that are mvolved in synthesis
of the cell wall components (Pichon et af, 1998,
Boerjan et al., 2003; Sofo et al., 2004; Fan et al., 2006).

Results show that the cell walls of endoderm, pith
cells and sclerenchyma layer in all cultivars was thicker
when the wrigated plants compared to the submerged
condition. These differences were different in different
cultivars. However in submerged conditions the thickness
of cell walls m mentioned cells were almost the same. On
the other hands, in urigated treatment there could be
expected different behavior for different cultivar. The
thickness of cell walls in of endoderm, pith cells and
sclerenchyma layer in Zayande-Rood cultivar was higher
than the 820 and 216 cultivars in aerated condition
therefore Zayande-Rood cultivar may exhibit more
tolerance against water deficit and soil mechanical
pressure urigated treatment.

CONCLUSION

The anatomical assessment of rice under conditions
of low water availability in the soil and root grown in
submersion system showed that there were a same
proportion of aerenchymas in the roots of plants with
submerged root system 1n all cultivars. In contrast, in
irrigated condition the amowunt of aerenchyma tissue
decreased specially in Zayande-Rood and 829 cultivars.

Therefore, these cultivars are capable to tolerate the
strength of soil pressure. Moreover, the root of different
cultivars, responded to the urigation conditions by
producing thicker cell walls of the endoderm, xylem
vessels, medulla and sclerenchyma layer cells. This
response was observed in Zayande-Rood cultivar more
than the other cultivars. This finding suggested that
Zayande-Rood cultivar could be considered as more
resistance cultivar against drought condition than 829 and
216 cultivars. Based on this study, genetic scientists may
take this founding when selecting the drought tolerant
cultivars of rice. Moreover, In arid condition which water
is limited and dry land farming is necessary,
Zayande-Rood could be selected as a tolerance cultivar.
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