
14 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

-

tices (De Luca et al., 2008) including species choice. Due to 

climate changes, warm-season species, and especially ber-

mudagrass, are becoming popular in the transition zones of 

Europe (Macolino et al., 2016). However, only a few studies 

have investigated the effect of increased rainfall intensity 

on early-stage growth of warm-season turf species. Heavy 

or total plant submersion, or waterlogging when plants are 

not submerged but soil pores are saturated (Bailey-Serres 

et al., 2012; Striker, 2012). Waterlogging and, to a greater 

extent, submersion, can cause several visible symptoms on 

plants, especially when they are prolonged, such as reduced 

photosynthetic activity, abscission of leaves, chlorosis, lower 

growth of roots and stems (Batzli and Dawson, 1997). Flood-

ing events can be extremely harmful to plants (Bailey-Serres 

et al., 2012), a decrease in oxygen diffusion rate (ODR), pH, 

and soil redox potential, and an accumulation of toxic com-

-

uration (Parent et al., 2008; Voesenek et al., 2006). The oxy-

of oxygen to plant roots that can restrict seedling emergence 

(Chesworth, 2008; Neira et al., 2015). Studies by Letey et al. 

(1966) found that at ODR of 0.15 -2 cm-1 roots growth 

of bermudagrass (Cynodon spp.) drastically reduced, even if 
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What is already known on this subject?

• 

or waterlogging. The expected climate change will 

management practices. Several studies demonstrated 

that bermudagrass plants are quite tolerant of 

submersion, even when this is relatively prolonged.

• Results demonstrated that bermudagrass has short-

submersion conditions, while seedlings denoted 

hypoxia symptoms after six days of submersion.

What is the expected impact on horticulture?

• Heavy rains may harm the establishment of 

bermudagrass turfs. However, little information is 

available regarding the effects of waterlogging on 

germination and seedling growth.

 Summary

Bermudagrass (Cynodon spp.) at the mature stage 

is quite tolerant of submersion, but little information 

is available on the effects of submersion on seed ger-

‘Sunbird’) were compared in two experiments con-

ducted in growth chamber and greenhouse. Germina-

(0, 2, 4, and 6 days) and ‘seed submerged’ conditions 

(0, 2, 4, and 6 days) was measured while in the green-

-

cept for ‘La Paloma’. Seedlings growth under 0, 2, 4, 6, 

and 8 days submersion was evaluated. In the lab, the 

cultivars tested displayed a different response to sub-

-

house experiment, bermudagrass seedlings appeared 

not prolonged. All the cultivars showed good tolerance 

to submersion during germination, while submersion 

average proportion of yellow seedlings.

Keywords

Introduction
The Mediterranean area mainly lies in the so-called tran-

sition zone, where it is possible to cultivate both warm- and 

cool-season grasses. The use of warm-season species has 

been encouraged over the last decade in the transition zones 

of Europe to reduce cultural inputs required to maintain turf-

grasses (Rimi et al., 2011, 2013a, b; Severmutlu et al., 2011). 

In comparison to the more traditionally used cool-season 

(Casnoff, 1989; Huang et al., 2008) and have a higher toler-

1999).

-

nean area show an increase of extreme weather and climate 

events over the next years. Med-CORDEX (Coordinated Re-

gional Climate Downscaling Experiment) has elaborated 

et al., 2015, 2019) that indicate an increasing concentration 

of more intense and less frequent precipitation events (IPCC, 

2014; Medri et al., 2013; Zollo et al., 2016).
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this species showed more tolerance to compact soil than dal-

lisgrass (Paspalum dilatatum Poir.) and bahiagrass (Paspa-

lum notatum Flugge). Flooding sharply limits CO2 and light 

availabilities, which are essential for the photosynthesis 

process (Jackson and Colmer, 2005); light availability is also 

limited when heavy rains are associated with soil erosion be-

cause soil particles muddy the water (Pedersen et al., 2013). 

Several studies demonstrated that bermudagrass plants are 

quite tolerant of submersion, even for an extended period. 

Wherley et al. (2011) studied the response to soil satura-

tion over 72 days on plant development of two warm-season 

species: common centipedegrass [Eremochloa ophiuroides 

(Munro) Hack] and ‘Tifway 419’ hybrid bermudagrass [Cy-

nodon dactylon (L.) Pers. × C. transvalensis Burtt Davy].

They found that waterlogging reduced canopy cover by 

30% in both species, but shoot biomass decreased in bermu-

dagrass. Tan et al. (2010) demonstrated that bermudagrass 

plants could withstand prolonged and deep submersion 

through lowering their metabolism, increasing carbohydrate 

reserves and improving anti-oxidative activities of roots, 

which allow an adaptation to hypoxia and anoxia. Ashraf and 

Yasmin (1991) compared the mechanism of waterlogging 

tolerance of kallar grass [Leptochloa fusca (L.) Kunth], a spe-

cies known for its high tolerance of waterlogging and salinity, 

mangrove grass [Aeluropus lagopoides (L.) Trin.], and bermu-

dagrass [Cynodon dactylon (L.) Pers.] under three water sub-

mersion conditions: 1. No submersion (control); 2. Intermit-

tent submersion (one-week submersion and then drained for 

one week); 3. Six weeks continuous submersion. They found 

the same time, bermudagrass showed less capacity of oxydis-

ing the rhizosphere region, concluding that bermudagrass can 

be evaluated as relatively sensitive to submersion in compari-

son with the other species regarded as highly tolerant.

In a recent study, Ye et al. (2015) reported that physio-

logical changes caused by submersion are more limited than 

those observed as a result of drought stress. Submersion 

causes growth inhibition as a consequence of a decrease in 

the metabolism of carbohydrate degradation and energy 

supply (Huang et al., 2019). The strategy adopted by bermu-

dagrass seems to be oriented towards dormancy and delayed 

growth, which allows this species to be adaptive to a long-

term submerged environment.

Although several studies investigated the effects of wa-

terlogging on plant growth and survival, few of them exam-

ined the effects of waterlogging on seed germination and 

seedling growth. Oxygen at atmospheric levels is usually 

required for seed germination; however, the response to 

oxygen varies strongly with species (Bewley et al., 2013). 

Prolonged immersion progressively increases damage to cell 

seedling growth (Ye et al., 2015).

is imbibition. Germination of bermudagrass in water does not 

 Mpa 

and, according to the hydro time model, it facilitates seed im-

bibition (Bradford, 2002). Morinaga (1926) found that bermu-

dagrass germinated better in bottles under 100 mL of distilled 

This study aimed to reduce the information gap in the 

existing literature regarding the effects of excess of water 

during bermudagrass germination and early stage of growth. 

-

ing/submersion periods were investigated.

Materials and methods
A growth chamber and a greenhouse experiment were 

carried out at the Agricultural Experimental Farm of Padova 

University in Legnaro, Italy (lat. 45°20’N, long. 11°57’E, ele-

vation 8 m).

Laboratory experiment

the most widespread in the Italian turf market (‘Jackpot’, 

‘La Paloma’, ‘Transcontinental’, ‘Yukon’, and ‘Sunbird’) were 

tested in a growth chamber for seed germination under dif-

ferent water submersion conditions. Treatments compared 

were: a) 0 (control), 2, 4, and 6 days submersion with seeds 

 0 (control), 2, 4, and 6 days full submersion with 

seeds kept submerged using a plastic net. Unhulled seeds, 

previously stored at a temperature of 5°C for six months to 

interrupt possible dormancy, were submerged for different 

-

sequently, 100 

paper in 10-

moistened with deionized water. No methods to increase 

germination, as indicated by the International Seed Testing 

Association, were used (ISTA, 2013). Seeds were tested in a 

KW incubator under alternating temperature 30/20°C and 

14/10 h (light/dark) photoperiod. Petri dishes were ran-

numbers of germinated seeds (primary root protrusion visi-

ble) were counted three times a week for a period of 40 days 

from seeding, that is about twice the period of 21 days pro-

vided by the International Seed Testing Association (2013) 

calculated. According to Munshaw seed vigour was not con-

sidered (Munshaw et al., 2014).

Greenhouse experiment

A greenhouse experiment was conducted during spring 

2017 using the same bermudagrass cultivars and the same 

seed lots used for the growth chamber experiment. The 

seeds were placed in plastic trays with a mix of soil/sand 

to test seedling growth under different water submersion 

conditions: no submersion (control), 2, 4, 6 and 8-days sub-

mersion. Before the experiment, seeds were stored at a tem-

perature of 5°C for six months to interrupt dormancy. Green-

house air temperatures were monitored with a digital data-

logger Onset HOBO Pendant temp UA-001-64’ between 11.1 

and 32.1°C with a mean of 22.4°C. Each tray contained a 3-cm 

bed of expanded clay separated by a nonwoven fabric towel 

from a 3-cm layer of a soil-sand mix (70% and 30% v/v). The 

soil was a sandy loam containing 60.8% sand, 28.9% silt, and 

10.3% clay, with pH 8.3, organic matter 21%, C-to-N ratio 

of 12.2, Olsen P content of 4.2 mg kg-1 P, and exchangeable 

K content of 86 mg kg-1, and it was previously oven-steril-

ized at 105°C for 48 h. Two hundred uncoated seeds were 

distributed in each tray on 17 March 2017 and covered with 

1–2 mm of sand. Plastic trays were arranged in a randomized 

complete block design with four replicates. Before distribu-

tion of seed, the top 3 cm of soil was moistened by automatic 

sprinkler irrigation. After seeds distribution, trays were reg-

ularly irrigated until the beginning of the submersion, while 

trays of ‘control’ were irrigated for the entire experimental 

period. The number of seedlings that emerged were record-

ed every other day. The cultivar La Paloma showed very low 

germination and was excluded and not submerged. Sub-

mersion treatment started when about 40% of seeds were 

emerged (Figure 1), which corresponds to the peak of the 
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FCGP curves. The submersion occurred when average seed-

lings emergence was about 40% (Figure 1). At this level, the 

emergence was at the peak, or it had peaked and was gradu-

ally slowing down (Bewley et al., 2013). This level represent-

ed around 90% of maximum seedling emergence reached by 

the control after the submersion period. Flooding treatment 

consisted of complete submersion of seedlings (1–2 cm of 

water above the soil surface). For each cultivar, the compar-

ison with the control was carried out by matching the end 

of the immersion of the four treatments (2, 4, 6, and 8 days) 

on the same day. The four submersions then progressive-

ly occurred to 2 days away from one another. The number 

of growing seedlings was recorded weekly from April 4 to 

April 28, and the number of yellow seedling leaves per seed-

ling was also recorded on April 28.

Statistical analysis

The FCGP and the proportion of not-germinated seeds 

of the laboratory experiment were analysed using a Gener-

alised Linear Model with binomial error and logit link; a dis-

persion parameter was added to account for overdispersion 

(quasi binomial model). Submersion treatment (different 

submersion types and durations), cultivar and the interac-

Back transformed FCGP were derived and are reported in 

Table 1.

In the greenhouse experiment, the cultivar La Paloma 

showed very low germination under all the treatments, and 

it was not included in the statistical analysis. Two variables 

were recorded after 2, 4, 6, and 8-days submersion, i.e., the 

FCGP of seedlings surviving submersion and the proportion 

of yellow seedlings. Both variables were analysed using a 

Generalised Linear Model with binomial error and logit link; 

a dispersion parameter was added to account for overdisper-

sion (quasi binomial model). Block, submersion, cultivar and 

Wald F tests. Back transformed FCGP were derived and are 

reported in Tables 2 and 3.

All statistical data analysis was performed using the R 

statistical environment (R Core Team, R 3.5.0, 2018) togeth-

Results and discussion

Laboratory experiment

-

ber is reported in Table 1. The FCGP of the control ranged 

between the proportion of germinated seeds of 0.444 and 

0.814 and it is expressed as the result of the fraction of ger-

minated seeds on the total equal to 1.0. Except for ‘La Palo-

ma’, the seeds germinated proportion of the control was near 

0.70 (70%) that is the minimum threshold for the seed mar-

ket of this species in the EU (The Council of the European 

Economic Community, 1966).

-

tion (P = 2.042e-15). The main effects of ‘treatment’ and ‘culti-
-09 and P < 2.2e-16, respec-

most prolonged duration (6 days). In the absence of submer-

than under 4 and 6 days of submergence or 6 -

in FCGP after 6 

 days of continu-

ous submersion (Figure 3). Furthermore, ‘Yukon’ showed the 

highest FCGP under 2 days’ submersion. This result could be 

due to a better imbibition of seed under limited submersion 

conditions, compared with no submersion or prolonged sub-

mersion.

The cultivars Jackpot, Sunbird and Transcontinental, 

(Table -

mersion (Figures 2 and 3) was probably due to the increase 

allowing to complete the absorption phase. Immersion is 

conversely characterized by an initial phase of faster imbibi-

tion followed by a progressive decrease of oxygen availabil-

ity which leads to lower germination (Bewley et al., 2013). 

  Cumulative seedling emergence curves of four bermudagrass cultivars under no submersion (Control). The vertical 

dotted line indicates the last count (33 days after seeding) before the beginning of submersion (Greenhouse experiment).
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A -

curred only for a short initial period when oxygen availabil-

ity was higher, and seed imbibition was in progress. These 

results are in agreement with Moriaga (1926) who demon-

strated in a laboratory study (in ‘bottles’) that bermudagrass 

is tolerant to submersion conditions and germination level 

under full submersion can be higher than germination in ‘Pe-

tri dishes’ (seeds tested for 42 days). As reported by Bewley 

et al. (2013), seed imbibition increases its fresh weight from 

40 to 50%, and a wholly soaked seed can reach a percentage 

of moisture between 75 and 100%.

Greenhouse experiment

-

-

ences only for the effect of the cultivar (P = 0.00016), while 

the interaction ‘cultivar × treatment’ and the submersion 

, respectively). 

reported in Table 2.

-

lative seedlings proportion (0.58) than ‘Jackpot’ (0.42) and 

‘Sunbird’ (0.36), while ‘Sunbird’ (0.36) showed a cumulative 

and ‘Transcontinental’ (0.58). Statistical analysis did not re-

-

ments, suggesting that bermudagrass seedlings can easily 

withstand prolonged periods of waterlogging.

Unlike germination, the FCSP showed differences only 

among cultivars. By germination, bermudagrass shifts from 

and roots also play an essential role in response to submer-

sion. Results obtained are in agreement with previous re-

searches on bermudagrass, indicating that bermudagrass 

seedlings have a high tolerance to water submersion (Ashraf 

and Yasmin, 1991; Springer et al., 2014; Tan et al., 2010).

Regarding leaf yellowing (symptoms of hypoxia) results 

-
-07). No sig-

 days submersion were 

observed. In comparison, water submersion for 6 and 8 days 

seedlings (P=1.57e-06), with no differences among cultivars 

(Table 3). Moreover, the submersion of 8 days showed a signif-

icant increase in the number of seedlings affected by leaf yel-

lowing in comparison with 6 days of submersion. Thus, 6 days 

of submersion indicates the beginning of visible suffering on 

bermudagrass seedlings. This result is in agreement with pre-

vious studies reporting bermudagrass moderately tolerant of 

carried out on sugarcane (  L.) that be-

that submersion causes leaf yellowing (Gomathi et al., 2015) 

as a consequence of depletion of chlorophyll content (Gomathi 

et al., 2015). Another study conducted by Ye et al. (2015) re-

ported that submersion negatively affects photosynthesis and 

redox-related pathways of bermudagrass.

Conclusion
Bermudagrass seeds and seedlings denoted a short-term 

-

submersion during germination even though differences 

among cultivars were found. In particular, ‘Jackpot’, ‘Sunbird’, 

and ‘Transcontinental’ were the most tolerant. Future breed-

ing programs should take into account the bermudagrass ge-

netic variations for the selection of cultivars more tolerant of 

these stresses. Ultimately, six to eight days of full submersion 

represents the threshold for symptoms of hypoxia with yel-

lowing of the seedlings basal leaves. We can, therefore, state 

that it is possible seeding bermudagrass without fear for 

heavy rain events. However, the seed/seedling environment 

interactions remain mostly unknown. Thus, a -

Giolo et al.  |  Germination and seedlings response of bermudagrasses under water submersion

  Final Cumulative Germination Proportion of ‘La 

Paloma’ bermudagrass at 0, 2, 4 and 6 

different (p < 0.05). Vertical bars represent the standard er-

ror (Laboratory experiment).

 Laboratory: Final Cumulative Germination Pro-

portion of ‘Yukon’ bermudagrass at respectively 0, 2, 4 and 

6 

represent the standard error (Laboratory experiment).
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