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ABSTRACT 

 

The objective of this study was to 
evaluate the effect of different water regimes on some 
aspects of root anatomy of three grasses: Echinochloa 
pyramidalis (canarana), Setaria anceps (setária) and 
Paspalum paniculatum (paspalo). The plants were 
cultivated in a greenhouse and submitted to three water 
regimes: daily watering; suspension of watering  and 
suspension of  watering  followed by submersion of the 
root system. Segments of the middle part of the roots 
were taken and submitted to classical techniques in 
botany for slide making and tissue analysis. Anatomical 
differences were observed among the three grasses 

submitted to water regimes regarding the number of cell 
layers in the external cortex and thickening of lignin 
and suberin. The submerged roots of the three species 
presented an increasing tendency in the proportion of 
the area of the cortex destined for the aerenchyma 
besides thickening of the endodermis and the cells of 
the medullar parenchyma. The aerenchyma presence in 
the three water regimes suggested it is a characteristic of 
these species. The adaptations developed by these 
species contributed to the understanding of their 
occurrence in areas that are subject to drought periods 
and successive floods. 

INDEX TERMS: Revegetation, grasses, water deficit, Echinochloa pyramidalis, Setaria anceps, Paspalum panicu-
latum, flood, aerenchyma, anatomical characteristics, roots.  

EFEITOS DE DIFERENTES REGIMES HÍDRICOS SOBRE 
AS  CARACTERÍSTICAS  ANATÔMICAS  DE  RAÍZES  DE 

GRAMÍNEAS  PROMISSORAS  PARA  REVEGETAÇÃO  DE  
ÁREAS MARGINAIS A RESERVATÓRIOS HIDRELÉTRICOS  

RESUMO 

 

Conduziu-se o presente trabalho objetiva-
vando-se avaliar o efeito de diferentes regimes hídricos 
sobre alguns aspectos da anatomia da raiz das seguintes 
gramíneas: Echinochloa pyramidalis (canarana), Setaria 
anceps (setária) e Paspalum paniculatum (paspalo). As 
plantas foram cultivadas em casa-de-vegetação e sub-
metidas a três regimes hídricos: regas diárias; suspensão 
da rega e suspensão da rega seguida de submersão do 
sistema radicular. Foram retirados segmentos da parte 
mediana das raízes, os quais foram submetidos a técni-
cas clássicas em botânica para confecção de lâminas e 
análise de tecidos. Foram observadas diferenças anatô-
micas nas três espécies de gramíneas submetidas aos 

três regimes hídricos com relação ao número de cama-
das de células do córtex externo e o espessamento de 
lignina e/ou suberina. As raízes em submersão nas três 
espécies apresentaram uma tendência de aumento na 
proporção da área do córtex destinada a aerênquimas, 
além de um espessamento tanto da endoderme como das 
células do parênquima medular. Pela presença de aerên-
quimas nas três espécies sujeitas aos três regimes hídri-
cos, infere-se que esses são constitutivos. As adapta-
ções desenvolvidas por essas espécies contribuíram 
na compreensão da ocorrência dessas em áreas que 
passam por períodos de seca e inundações sucessivas. 

TERMOS PARA INDEXAÇÃO: Revegetação, gramíneas, deficiência hídrica, inundação, aerênquimas, caracte-
rísticas anatômicas, Echinochloa pyramidalis, Setaria anceps, Paspalum paniculatum, raízes.  
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INTRODUCTION 

Areas surrounding hydroelectric reservoirs are 
not only subject to damage caused by the removal of the 
superficial soil layer but also to the effects of periodic 
flooding that are followed, paradoxically, by character-
istic periods of water restriction in the soil. 

Plant tissue responses to water stress depend on 
the  physiological properties of the cell components and 
the anatomic characteristics that regulate the transmis-
sion of the water stress effect to the cells.  The differ-
ence in the response to water stress among mature re-
gions and regions of tissue growth seems to be due to 
anatomic differences (Matsuda & Rayan, 1990). 

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 (Ba-
ruch & Mérida, 1995) that protect against desiccation 
and cortex cell death (Sharp & Davies, 1985).  

Tissues exposed to environments with low wa-
ter availability have generally shown reduction in cell 
size, increase in vascular tissue and  cell wall thickness 
(lignification) (Levitt, 1980; Pitman et al. 1983).  Cell 
elongation is expected to be more sensitive than cell di-
vision (Levitt, 1980). 

Baruch & Mérida (1995) also observed in forage 
grasses differences in the size of the root transversal 
section area and the proportion of aerenchymas in plants 
submitted to water stress.  Aerenchymas formed under 
these conditions may interrupt the radial movement of 
water in the roots thus preventing water loss from the 
plants to the soil (Huang & Fry, 1998). 

A decrease in the xylem vessel size close to the 
endoderm serves to maintain conduction but at lower 
rates during drought periods thus helping to re-supply 
larger vessels while the water supply is renewed (Millar 
et al. 1968; Blizzard & Boyer, 1980). 

The greatest tendencies in  roots formed under 
excess water conditions are (a) to increase the diameter; 
(b) to reduce the absorption hairs; (c) to ramify and 
have short roots; (d) to increase the number and dimen-
sion of the intercell spaces; (e) to decrease the cell size 
with the increase in the suberization and lignification of 
the wall and (f) to reduce the root weight, which con-
tributes to the decrease in the root/canopy ratio (Durbin, 
1971). 

Plants tolerant to submergence and/or flooding 
develop morphoanatomical structures that permit oxy-
gen diffusion from the canopy to the root tissues, repre-
sented by the formation of aerenchyma tissues in the 

base part of the stem and roots and by lenticel formation 
in tree species (Kawase, 1981; Laan & Blom, 1990).  
These structural modifications in the tissues of the base 
region of the stem and roots are associated with an in-
crease in ethylene concentration in the tissues and in the 
cellulase activity, causing loosening in the cell walls and 
a consequent distribution of the root cortex tissues 
forming intercell spaces or aerenchymas that increase 
the atmospheric O2 diffusion maintaining aerobic respi-
ration and water and nutrient absorption (Kawase, 1981; 
Perata & Alpi, 1993; He et al. 1994). 

The objective of this study was to assess the root 
anatomical characteristics of three grasses (Echinochloa 
pyramidalis (Lam.) Hitche. & Chase, Setaria anceps 
Stapf ex Massey and Paspalum paniculatum L.) that are 
promising for re-vegetating areas surrounding hydroe-
lectric reservoirs submitted to different water regimens.  

MATERIAL AND METHODS 

The plants used in this study were produced by 
asexual propagates (cuttings) that were removed from 
plants in the experimental field of the Biology Depart-
ment/UFLA. 

In July 1998 the propagates were planted in pots 
containing 5kg substrate consisting of soil, sand and or-
ganic material (cattle manure) at a ratio of 2:1:1 and 
12.5g/pot of simple superphosphate were added.  The 
plants were water daily until the start of the treatments 
maintaining the soil close to field capacity. 

The experiment consisted of six treatments.  For 
each species (canaran, setária and paspalo) two sets of 
eight pots were selected with four shoots/pot.  One set 
of pots was watered daily throughout the experimental 
period (irrigated treatment) while the other sets were not 
watered (non- irrigated treatment), marking the start of 
the experiment, that ended 12 days after the watering 
was stopped when the plants presented acute symptoms 
of wilting and curling.  After this period, six pots of 
each species were taken to concrete tanks (300cm x 100 
cm x 60 cm) used in flooding studies, where the root 
system remained submerged for 30 days (RS Submer-
gence) 

After the end of the low water availability ex-
periment and the 30-day submerged root system ex-
periment, samples were taken from the mid portion of 
several roots and fixed in FAA (formaldehyde + acetic 
acid + 70% ethylic alcohol) for 72 hours and kept in 
70% alcohol until cutting. 

The cuts were hand made using a razor blade and 
material inclusion in stalk were later lightened in so-
dium hypochloride solution at 20% commercial product 
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for a period of three to five minutes and then washed 
three times in distilled water.  The material was then 
neutralized with acetic acid solution at 5% for one min-
ute and the washings were repeated.  The samples were 
stained by immersion in iodine acetic green stain for 
two to three minutes, followed by three washes in dis-
tilled water and immersion in  Congo red stain for three 
to five minutes and the washes were repeated (Dop & 
Gautié, 1907).  Semi-permanent slides were mounted 
later with glycerinated water and luted with enamel.  
The slides were then observed under a microscope and 
microphotographed.  

RESULTS AND DISCUSSION 

Covering tissue was observed in the transversal 
root section of the canarana, sestária and paspalo species 
(Figure 1) formed by the unistratified epiderm and anat-
omic differences among the treatments for the external 
cortex. 

In  canerana (Figure 1 a,b,c) the external cortex 
with three layers of heterodiameteric cells covered by a 
fairly thick cell wall of lignin and/or suberin in the non-
irrigated treatment was observed below the unistratified 
epiderm (a); one layer below the epiderm without thick-
ening and two layers with thickening of lignin and/or 
suberin in the irrigated treatment (b).  a layer below the 
epiderm without thickening was observed in the root 
system submersion treatment (c) and only one cell layer 
with lignin and/or suberin thickening. 

In Setária (Figure 1. d, e, f) a unistratified epi-
derm and the external cortex with two layers of het-
erodiameteric cells were observed in the non-irrigated 
treatment  (d); two to three layers of heterodiametric 
cells were observed in the irrigated treatment (e) and 
one to two layer of heterodiametric cells in the treat-
ment with submerged root system (f).  The presence of 
cells with thickened lignin and/or suberin walls was not 
observed in the external cortex. 

The external paspalo cortex (Figure 1. g, h, I) 
had two layers in the non-irrigated treatment (g); one to 
two layers of cells in the irrigated treatment (h) and two 
to three layers of cells in the treatment with root system 
submersion (i)  and all the cell walls were thickened 
with lignin and/or suberin. 

This external cortex that has a lignin and/or 
suberin lamella covered by a thick cellulose wall may 
form a mechanical protection controlling water and sol-
ute flow in the roots.  This compact external cortex may 
also have the function of protecting the cortex cells 
from collapse due to the hydrostatic pressure in the 

submerged roots and may also protect against desicca-
tion and death of the root cortex cells exposed to water 
shortage.  These aspects are mentioned as a characteris-
tic of the exoderm by Seago & Marsh (1989) and Sharp 
& Davis (1985); 

Canarana and paspalo are species adapted to 
flooded environments and therefore presented the ex-
ternal cortex with a thick cell layer in the three treat-
ments showing that this thickening is part of survival 
strategies under adverse conditions of water offer. 

An increase in the percentage of aerenchyma 
area was observed in all the species in the submerged 
root system treatment compared to the irrigated treat-
ment (Control).  

The presence of aerenchymas in the three spe-
cies in all the treatments shows that the aerenchymas in 
these species seem to be constitutive, helping the plants 
under conditions of excess water in the soils to maintain 
aerobic respiration by maintaining O2 diffusion (Kaw-
awse, 1981).  According to Huang & Fry (1998) there is 
a collapse of the cortex cells that gives rise to the aeren-
chymas, that in soils with severe water shortage may 
help to prevent water loss from the plants.  

Baruch & Mérida (1995) observed alterations 
caused by flooding mainly in regard to the proportion of 
aerenchymas.  Under controlled conditions, the 
Brachaiaria mutica (Forsk.) Stapf and Echinochloa 
polystachya (H.B.K.) Hitch. grasses  already presented 
much of their root system area destined for aerenchy-
mas.  Menezes Neto et al. (1995) also observed the for-
mation of aerenchymas in açaí plantlets even under 
normal aeration conditions, leading to the conclusion 
that the aerenchymas are constitutive in this species and 
provide a high degree of tolerance to low oxygen avail-
ability in the soil. 

There were differences in thickening in the en-
doderm of the species among the treatments, being 
uniseried with fairly thick walls (Caspary bands).  It 
was observed that the endoderm cell wall under sub-
merged root system conditions was V-shaped with a 
greater lignin and/or suberin thickening compared to the 
irrigated and non-irrigated treatments. 

Some alterations were observed in the medulla. 
The  parenchyma was more sclerotized in the sub-
merged root system treatments.  This alteration was 
common to the three species.     
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FIGURE 1 

 

Microphotographs with details of the root cross section showing the epiderm and external cortex of 
canarana (a, b c) setária (d, e, f) and paspalo (g, h, i) in the non-irrigated, irrigated and submerged root system  
treatments, respectively.  Ep. = epiderm, Ce. = external cortex.  Bars  50 m.  UFLA, Lavras-MG 1999.    

Baruch & Mérida (1995) studied the anatomy of 
four grasses under drought and flood conditions and ob-
tained similar results for cell wall thickening in the en-
doderm, epiderm, cortex and medulla cells.  Sharp & 
Davies (1985) and Stasovski & Peterson (1991) also 
observed suberization of the endoderm and exodermis 
of maize roots exposed to low water availability.  

CONCLUSIONS 

The anatomical assessment of plants under con-
ditions of low water availability in the soil and root sys-
tem submersion, showed that the plants responded to 
the treatments, presenting thickening in the external cor-
tex cells, endoderm and medulla in both the treatments 
and there was greater proportion of aerenchymas in the 
roots of plants with submerged root system. 

These observations that show adaptations to dif-
ferent levels for survival under adverse water offer con-
ditions contributed to understanding their establishment 
in  areas surrounding hydroelectric reservoirs that are 
subject to periods of depletion and successive flooding.  
However, it is pointed out that complementary studies 
under field conditions that assess the establishment of 
these species, associated to seasonal variations in the 
environment such as water and nutrient availability in 
the soil, solar radiation and air temperature, are essential 
to approach the question of re-vegetation of modified 
areas.  
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