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ABSTRACT: Soil drainage is an important technique in the construction of a sports lawn and information 
about the sensitivity of the crop to excess water influences the design of the project. Assuming that excess 
water affects the development of the grass and that the indices SEW30 (Sum of Excess Water above 0.30 m 
depth) and SDI (Stress-Day Index) are sensitive to the variables of development of the crop, the objective was 
to identify the sensitivity of Bermuda grass to the excess of water. The experimental design was completely 
randomized with five treatments and four repetitions. The treatments consisted of groundwater elevations: 
0 cm d (at the level of the drains - control); 180 cm d (at 0.20 m from the soil surface); 270 cm d (at 0.15 
m from the soil surface); 360 cm d (at 0.10 m from the soil surface); and 450 cm d (at 0.05 m from the soil 
surface), carried out fortnightly, lasting three days. The variables used to test the treatment were root length, 
photosynthesis rate, dry mass of roots, stolons, rhizomes, culms and leaves and dry mass of grass clippings. 
Stress caused by excess water near the soil surface reduced root length, dry mass of culms and leaves, and 
photosynthesis rate; Bermuda grass was more sensitive to excess water in its initial vegetative stage, which 
occurs until 42 days after planting; and the photosynthesis rate in the treatment with highest stress level 
decreased by approximately by 2/3 when compared to the condition of no water table.
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Excesso de água no solo sobre o desenvolvimento
da grama-bermuda (Cynodon spp.)

RESUMO: A drenagem do solo é uma técnica fundamental na instalação de um gramado esportivo e 
informações sobre a sensibilidade da cultura ao excesso de água influenciam no dimensionamento do 
projeto. Partindo da premissa que o excesso de água prejudica o desenvolvimento da grama e que os 
índices SEW30 (Somatório dos Excessos de Água acima de 0,30 m de profundidade) e IDS (Índice de 
Estresse Diário) são sensíveis a variáveis de produção da cultura, objetivou-se identificar a sensibilidade 
da grama-bermuda ao excesso de água. O delineamento experimental foi inteiramente casualizado, com 
cinco tratamentos e quatro repetições. Os tratamentos consistiram em seis elevações do lençol freático, 
variando as profundidades entre 0,05 m e 0,20 m, realizadas quinzenalmente, com duração de três dias, 
além do tratamento sem elevação do lençol freático: 0 cm d (no nível dos drenos - testemunha); 180 cm d  
(a 0,20 m da superfície do solo); 270 cm d (a 0,15 m da superfície do solo); 360 cm d (a 0,10 m da superfície 
do solo); e 450 cm d (a 0,05 m da superfície do solo). As variáveis analisadas foram: comprimento de raiz, taxa 
de fotossíntese, massa da matéria seca de raízes, estolões, rizomas, colmos e folhas e massa seca das aparas 
de grama. O estresse causado pelo excesso de água próximo à superfície do solo proporcionou redução no 
comprimento de raiz, na matéria seca de colmos e folhas e na taxa fotossintética; a grama-bermuda mostrou-
se mais sensível ao excesso de água no estádio vegetativo inicial da cultura, que ocorre até os 42 dias após 
o plantio; a taxa fotossintética no tratamento com maior nível de estresse decresceu aproximadamente 2/3 
quando comparada à condição de ausência de lençol freático.
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Introduction

Lawns are widely used in public, residential and sports areas 
around the world. Those used in major stadiums and clubs of 
football, golf and tennis, mainly due to the high professionalism 
involved in these sports, are in the technical revolution phase 
and need to ensure good tolerance to wear. In Brazil, there is 
growing interest in modern techniques for the maintenance 
of sports lawns, which increases the number of lawns with 
excellent quality (Maciel et al., 2011; Sampoux et al., 2012).

Currently, the growing demand and more specific 
requirements of the consumer market regarding the final 
quality of lawns are the main factors that drive the producing 
areas and the development and import of technology (Godoy 
et al., 2012; Kuhn, 2015). Among the recommendations for the 
establishment of a sports lawn, drainage is considered one of 
the most important practices. 

One of the greatest limitations to agricultural drainage 
projects is the absence of coefficients representing the soil 
drainage requirements of the various crops under local 
conditions (Bouwer, 1974; Evangelista et al., 2005).

According to Costa et al. (2008), the Sum of Excess Water 
above 0.30 m on depth (SEW30) and the Stress-Day Index 
(SDI) are variables used to relate the reduction in yield to the 
occurrence of water table fluctuation above a critical level.

Assuming that excess water hampers the development of 
the grass and that SEW30 and SDI indices are sensitive to crop 
production traits, the objective was to identify the sensitivity 
of ‘Celebration’ Bermuda grass (Cynodon dactylon) to excess 
water based on the production traits referenced in the SEW30 
and SDI indices.

Material and Methods

The physical model used in the experiment was installed 
in an area of the Hydraulics and Irrigation Laboratory of 
the Department of Agricultural Engineering of the Federal 
University of Ceará (UFC), Fortaleza, CE, Brazil. Eight water 
table lysimeters with dimensions of 1.5 m height, 2.0 m 
width and 1.5 m length, coated with mortar and internally 
waterproofed, were constructed in the area. On the inside of 
each lysimeter, a corrugated and flexible tubular PVC drain 
(DN 65) was installed at 1.10 m depth in relation to the upper 
part of the lysimeter. Two water inlets were installed next to the 
bottom of the front wall, both connected to a valve, enabling 
individual filling of the lysimeters (Figure 1). 

The physical model enables upward-flow saturation of the 
soil, through a reservoir. A float valve system regulates the 
maximum height of water in the reservoir, controlling the 
inlet in the lysimeters up to a maximum level, 0.10 m from 
the upper edge.

A piezometer composed of a transparent plastic hose, 
attached to the water inlet close to the valve, was installed on 
the external front wall of each lysimeter, in order to verify and 
control the level of the water table.

The piezometer extends up to the height at which the water 
table should be kept, so the monitoring can be performed 
based on the principle of communicating vessels. An adapted 
hydrometer with a valve was installed at the discharge point of 
the drains, which enabled the water table level to be lowered 
whenever necessary.

The experimental design was completely randomized, with 
five treatments and four replicates. The treatments consisted 
of water table elevations, performed every fifteen days, lasting 
three days:

a.	 Treatment 1: SEW30 = 0 cm d, water table at the level 
of the drains (control);

b.	 Treatment 2: SEW30 = 180 cm d (water table at 0.20 
m from soil surface);

c.	 Treatment 3: SEW30 = 270 cm d (water table at 0.15 
m from soil surface);

d.	 Treatment 4: SEW30 = 360 cm d (water table at 0.10 
m from soil surface); 

e.	 Treatment 5: SEW30 = 450 cm d (water table at 0.05 
m from soil surface).

The SEW30 index corresponds to the sum of water above the 
0.30 m depth and was used to determine the effects of water 
table fluctuation on crops that have shallower root systems; 
calculated by Eq. 1:

Figure 1. Floor plan (A) and cross-sectional view (B) of one 
of the tanks: 1. Tank wall; 2. Drainage pipe; 3. Pipe outlet cap; 
4. PVC pipe with grooves; 5. Water supply system; 6. Valve
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where: 
f(x) = 30-x, for x < 30 cm; f(x) = 0, for x > 30 cm;
T	 - length of the growing season; 
t	 - time in days; and, 
x	 - water table depth in cm.

The SDI index enables the evaluation of stress caused by 
either lack or excess of water during the growth period of a crop 
and is usually used to characterize irrigation requirements, 
in areas with problems of water deficit or in soils with excess 
water, where drainage is required. The SDI of a given period 
is composed of the sum of the products between the crop 
susceptibility factor and the stress-day factor, according to 
Eq. 2:
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i i
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=
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where:
SDI	 - stress-day index; 
n	 - number of growth stages of the crop; 

(1)

(2)
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CSi	 - crop susceptibility factor at development stage i; and,
SDi	 - stress-day factor at development stage i.

For being the measure of crop susceptibility to a stress unit, 
CS is a function of the crop and of its development stage. For 
being the measure of the degree of stress imposed on a crop, 
SD reflects stress intensity and duration. The soil excess water 
stress index SEW30 is typically used as a stress-day factor of the 
crop in studies involving the stress-day index (COSTA, 2008).

The substrate used in water table lysimeters was composed of 
a mixture of sand and organic matter. The organic matter used, 
with commercial name Turfa Fértil®, is sold as a soil conditioner 
and manufactured in the State of Santa Catarina, Brazil.

Following the model recommended by the United States 
Golf Association (USGA, 2004), for the construction of golf 
course “greens”, the sand for mixture was collected in the 
municipality of São Luís do Curu, CE, Brazil, 84 km away 
from the city of Fortaleza, and analyzed in the Soil Physics 
Laboratory of the Department of Soils and Plant Nutrition 
of UFC.

According to the USGA model, the sand must have at least 
60% of particles with a size between 0.25 and 1.0 mm, clay no 
more than 3%, total porosity from 35 to 55% and hydraulic 
conductivity of at least 150 mm h-1

.
The characteristics of the sand used to compose the 

substrate of the drainage tanks are: sandy soil (sand: 94.67; silt: 
4.13; clay: 1.2%), with hydraulic conductivity of 450 mm h-1, 
total porosity of 45%, soil density of 1480 kg m-3 and water-
dispersible clay of 0.7%; its particle size and classification are 
presented in Table 1.

In the root zone (0 to 0.30 m from the surface), the sand 
was mixed with organic matter, which according to the 
manufacturer is free of pathogens and seeds of invasive plants, 
in the proportion of 90% sand and 10% organic matter. Then, 
planting was performed using ‘Celebration’ Bermuda grass 
(Cynodon dactylon) in the form of stolons, which was chosen 
because it is the most indicated species for the formation of 
sports lawns, according to Silva et al. (2010). Lemes et al. 
(2015) and Godoy et al. (2016) also claim that the Bermuda 
grass is indicated for the formation of sports, recreational 
and ornamental lawns due to its soft leaves and resistance to 
trampling.

The seedlings were weighed and planted in the proportion 
of 1.0 kg m-2, with stolons scattered in the area and then lightly 
compacted and buried to increase contact with the soil. The 
seedlings were irrigated using a hose until the beginning of 
the rooting. Regarding the SEW index, every 15 days the 
water table was kept at one position, according to the different 

treatments, for three days, and then lowered to the drain level 
(1.10 m).

In the control treatment, the water table was always kept at 
the drain level. In three other lysimeters, the water table was 
kept at the soil surface level for four days at 30-day intervals 
in order to determine the coefficient of crop susceptibility to 
excess water at different development stages: 1st stage - from 
12 to 42 days after planting (rooting phase of the seedlings, in 
which their root system is establishing); 2nd stage - from 43 
to 73 days after planting (phase in which the root system of 
the crop has access to nutrients and water, with lengthening of 
roots and stolons, and the above-ground growth accelerates); 
3rd stage - from 73 to 115 days after planting (phase in 
which the grass is already established and the soil is almost 
entirely covered by the crop; from this phase, under adequate 
conditions for the grass, the growth rate is constant).

Fertilization was performed with NPK formulation of 15-
09-20, every 15 days, from 22 days after planting, with manual 
application of 200 kg ha-1, following the recommendations of 50 
to 75 kg ha-1 of N, approximately, per month and the N:K ratio 
of 1:1.5. After fertilizer application, the grass was irrigated and 
invasive plants were manually controlled whenever necessary. 
Along the experimental period, the temperature ranged from 
22.5 to 31.8 °C, with total precipitation of 590 mm.

The variables root length, photosynthesis rate, dry mass 
of roots, stolons, rhizomes, culms and leaves, and dry mass 
of grass clippings were analyzed at 105 days after planting, a 
phase in which the grass was already established and the soil 
was almost completely covered.

Root length was determined from the collection of four 
plugs, one per replicate, with size of 100 cm2 and depth of 20 
cm. The soil adhered to the roots was removed and length was 
measured with a tape measure.

Photosynthesis rate was measured using a gas exchange 
meter, IRGA (LICOR 6400XT, Licor, USA). Measurements 
were taken between 9:00 a.m. and 11:00 a.m., using artificial 
radiation light source of 1400 μmol m-2 s-1.

After measuring the roots, the plugs were separated into 
roots, stolons and rhizomes and into leaves and culms to 
determine dry mass.

The dry mass of grass clippings was determined with the aid 
of a lawn mower with a collector attached, in the observation 
plot (with 0.10 m border).

In the analysis of the Crop Susceptibility factor (CS), the 
dry mass of grass clippings was used as a reference variable, 
considering that the greater the crop growth, the larger the 
amount of clippings collected and, therefore, its yield.

The crop susceptibility factor is determined experimentally, 
based on the critical level of stress to which the crop was 
subjected during each stage of physiological development, as 
well as on the quantification of its yield response, and can be 
calculated by Eq. 3:

Table 1. Particle size and classification of the sand used to 
compose the substrate of the drainage tanks

Yo YiCS
Yo
−

=

where:
CS	 - crop susceptibility;

(3)
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Yo	 - crop yield without stress; and,
Yi	 - crop yield under stress conditions at stage i.

The crop susceptibility factor for each growth stage was 
determined according to the amount of dry mass of the 
clippings, both with no level of stress (control) and under the 
stress caused at the different stages of development.

The data were subjected to analysis of variance, considering 
p ≤ 0.05, followed by regression analysis.

Results and Discussion

Root length varied from 9.25 cm, under the highest stress by 
excess water (450 cm d), to 16.00 cm, in the control treatment, 
where the water table was kept at the level of the drains (1.10 
m) (Figure 2). 

The increment in the stress caused by excess water near the 
surface resulted in a reduction in root length, also reducing 
the capacity of the plant to explore and take advantage of a 
greater amount of soil and nutrients. The lack of nutrients 
caused, for example, by water stress, hampers the development 
of the grasses, as of any other crop, preventing plants from 
maintaining their exuberance (Lima et al., 2015).

These results corroborate the statement of Romero & 
Dukes (2016), who discusses the limitations related to frequent 
water application and drainage problems, which can reduce 
the concentration of air in the soil and create an unfavorable 
environment for root growth. Therefore, the accumulation 
of water, either due to difficulty in drainage or excessive 
irrigations, can hamper the development of the root system, 
resulting in a shorter length of the roots, and soil water content 
is an important factor in the alteration of dry mass and root 
volume. It is worth pointing out that the lawn that maintains 
low daily water use rate will enable the permanence of water in 
the soil, favoring the maintenance of quality for longer periods 
(Cathey et al., 2013; Koetz et al., 2017).

Jiang & Wang (2006) consider the reduction in carbohydrate 
content, as a function of the increase in stress caused by excess 

water, as one of the main factors for reducing the growth of 
grass roots.

Rapid extension of roots in the soil is essential for obtaining 
water and nutrients to favor the establishment of the lawn. Thus, 
it is necessary to provide adequate supply of water and nutrients, 
based on environmental and plant factors, and minimize 
the impacts of these factors, which is crucial for a successful 
establishment of the lawn (Sinclair et al., 2011; Curk et al., 2017).

Plants, under excess water conditions, reduce stomatal 
conductance due to the increase in stomatal resistance, which 
limits water absorption, causing internal water deficit. The net 
photosynthesis rate decreases under oxygen deficiency, and the 
reductions in transpiration and photosynthesis are attributed 
to stomatal closure (Folzer et al., 2006; Parent et al., 2008; 
Ashraf et al., 2011).

The photosynthesis rate as a function of SEW30 levels 
decreased with the increment in the level of stress by 
excess water in the soil, and a second-degree polynomial 
statistical model fitted to the data, as shown in Figure 3. The 
photosynthesis rate decreased by 64% between the stress-free 
treatment and the treatment corresponding to the water table 
level of 0.10 m from the soil surface.

Mattos et al. (2005) observed that excess water reduces 
photosynthesis rate and growth, resulting in a decrease in 
biomass production; in addition, it should be emphasized 
that there is a higher incidence of diseases and difficulty in 
controlling invasive plants (Silveira et al., 2014).

Another factor that interferes with the photosynthesis rate 
is chlorophyll. The chlorophyll molecule has the unique ability 
to convert solar energy into chemical energy (photosynthesis). 
In this process, light energy is used by plants in the synthesis of 
carbohydrates and, according to Jiang & Wang (2006), stress by 
water excess causes reduction in the synthesis of carbohydrates 
and chlorophyll, causing the plant to decrease its development, 
losing its original color (Godoy et al., 2016). In the study, plants 
subjected to higher level of stress by water excess showed loss 
of color and were more yellowish, which may be related to the 
situation described above.

** Significant at p ≤ 0.01 by F test

Figure 2. Root length of Bermuda grass as a function of the 
sum of water excess above 0.30 m depth (SEW30)

**  Significant at p ≤ 0.01 by F test

Figure 3. Photosynthesis rate of Bermuda grass as a function 
of excess water above 0.30 m depth (SEW30)
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The results for dry masses of roots, rhizomes and stolons 
did not show significant differences according to the treatments 
evaluated (Figure 4A). For the dry mass of culms and leaves, 
the treatment 1, with the water table kept at the drain level, 
differed statistically from the treatments 4, 5, 3 and 2, with 
reductions of 65, 67, 70 and 75%, respectively (Figure 4B).

Leaves are organs that have developed the ability to capture 
light and exchange gases with the atmosphere to perform 
photosynthesis and respiration. Photosynthesis occurs in 
chloroplasts, which in grasses is found mainly in culms and leaves.  
 Plant growth, in general, is dependent on cell division 
and expansion, and the expansion is conditioned by turgor 
pressure, a process that is affected by the low availability of 
water in the soil or by excessive transpiration (Santos et al., 
2014).

The dry mass of roots, rhizomes and stolons and the dry 
mass of culms and leaves decreased under the condition of 
elevated water table, following the pattern observed in the 
photosynthesis rate.

The values of dry mass of grass clippings in the control 
treatment and in stress treatments at three different stages 

of development were: Control, 4,704.36 kg ha-1; 1st Stage, 
3,262.23 kg ha-1; 2nd Stage, 3,887.28 kg ha-1; and 3rd Stage, 
3,805.88 kg ha-1.

The obtained values of crop susceptibility factor were: CS1 
= 0.306; CS2 = 0.174; CS3 = 0.191, respectively, in the first, 
second and third stages, demonstrating that the crop was more 
sensitive in the first stage.

The weighted average of the CS index, corresponding to 
0.22, and the values of SEW30 for each of the treatments were 
used to calculate the values of Stress-Day Index (SDI), which 
corresponded to: 0, 37.6, 59.4, 79.2 and 99.0 cm d, for the SEW30 
values of 0, 180, 270, 360 and 450 cm, respectively.

The functional relationship between the stress-day index 
(SDI) and the sum of excess water (SEW) showed positive 
linear behavior between the variables (Figure 5), suggesting 
an increase of 0.22 cm d in the stress-day index for every 1.0 
cm d increment in the sum of excess water.

** - Significant at p ≤ 0.01 by F test

Figure 4. Dry mass of roots, rhizomes and stolons (A) and dry 
mass of culms and leaves (B) of Bermuda grass as a function 
of excess water above 0.30 m depth (SEW30)

Figure 5. Stress-day index (SDI) in Bermuda grass as a function 
of excess water above 0.30 m depth (SEW30)

B.

A.

Conclusions

1. Photosynthesis rate in the treatment with higher stress 
level decreased by approximately 2/3 when compared to the 
condition of no water table.

2. Stress caused by excess water near the soil surface led to 
reduction in root length, dry mass of culms and leaves, and 
photosynthesis rate.

3. Bermuda grass is more sensitive to excess water in the 
soil at the initial vegetative stage, which occurs until 42 days 
after planting.
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