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Introduction

Poor germination and seedling establishment are among the main constraints that restrict 

operationally simpler than the seedling transplanting method (Ismail et al. 2009; Ella et 
al. 2011). Unfortunately, very limited success has been achieved from previous efforts to 
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scale screening of 8,000 diverse rice accessions and breeding lines revealed only 0.23% 

 

-

Coleoptile is a morphologically important structure played a key role in enhancing 
-
-

-

al. 2002). Therefore, coleoptile lengths might be potential measurement criteria to select 

(Ismail et al.
-

-
 

-
Sub1) on chromosome 9 has 

-
cent strategy. The submergence-induced Sub1A gene helps genotypes to maintain high 

-
-

al. (2010) reported that rapid shoot elongation under submergence is advantageous and 
constitutes one important trait in the elongation escape strategy during the early seedling 

Sub1
-
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-
ent rice genotypes including nine lines developed for anaerobic germination and submer-

germination facility under anaerobic condition and for submergence tolerance during late 
-

Materials and Methods

Plant materials

Oryza sativa L.). The 
*

tolerance (Sub

respectively.

Experimental details 

2O5 2

 

s

Measurements of growth

-
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for 48 h. 

Statistical analysis

-

-

procedure implemented in SAS (SAS Institute 2004).

Results

Cluster analysis

-
merged and submerged treatments.

The seeds of genotypes in cluster 1 emerged from the soil surface 1.5 and 2.1 days 
-

fore the seeds of genotypes in clusters 2 and 3, respectively. The percentage of plants that 

-

-

Under both conditions, the genotypes in cluster 1 attained a higher rate of shoot elon-

-
mergence, the similar behaviour of shoot elongation rate observed among the three clus-
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Table 1. Characteristics of each individual cluster under non-submerged and submerged treatments

Treatments Traits
Clusters group

Cluster 1 Cluster 2 Cluster 3

Emergence date (days) 4.62 ± 0.66 6.10 ± 1.01 6.68 ± 1.43

12.40 ± 2.01

9.00 ± 1.52 11.52 ± 2.16 12.08 ± 2.11
–1) 3.55 ± 1.08 2.21 ± 1.06 0.82 ± 0.16
–1) 3.28 ± 0.94 3.92 ± 0.99

–1) 2.96 ± 0.83
–1) 2.30 ± 0.66 1.21 ± 0.36 0.49 ± 0.14
–1) 5.59 ± 1.62 2.65 ± 0.64

–1) 15.08 ± 2.61 9.63 ± 2.10 8.32 ± 2.2

Submergence Emergence date (days) 5.15 ± 1.05 6.88 ±1.45

10.52 ± 1.32

12.03 ± 2.11 11.03 ± 1.92

10.00 ± 1.83 14.58 ± 3.12
–1) 4.56 ± 0.98 0.60 ± 0.14
–1) 4.18 ± 0.58 1.96 ± 0.38

–1) 1.40 ± 0.18 2.94 ± 0.83
–1) 1.96 ± 0.34 0.68 ± 0.14 0.29 ± 0.05
–1) 2.33 ± 0.95

–1) 9.52 ± 1.93 6.08 ± 1.19 4.36 ± 0.92

Data are mean ± of standard deviations for each individual cluster.



530 EL-HENDAWY

Cereal Research Communications 43, 2015

higher rate of shoot elongation (4.18 cm d–1 –1) 
and cluster 3 (1.96 cm d–1) under submerged treatments (Table 1).

-
ent time of submergence and de-submergence than the genotypes in clusters 2 and 3. For 

-

-
types in cluster 1 (Table 1).

Evaluation of genotypes based on date of seed emergence and  

-

emerged from the soil surface in the same day under both conditions. In addition, the 

58.0% of the total genotypes that formed this cluster, and the leaf tips of these genotypes 

-

Evaluation of genotypes based on coleoptile elongation



 EL-HENDAWY 531

Cereal Research Communications 43, 2015

Evaluation of genotypes based on shoot elongation rate

in cluster 1 elongated at a rate higher than 3.0 cm d–1 under non-submerged treatment and 
3.5 cm d–1

genotypes in cluster 3 elongated at a rate less than 1.5 cm d–1 under both conditions  
-

–1

of most genotypes in cluster 3 elongated at a rate higher than 3.5 cm d–1 under both condi-

those that of genotypes in cluster 1 under submerged treatment and cluster 3 under non-
submerged treatment (Table S2).

Evaluation of genotypes based on increase in shoot dry weight

-
tile and shoot elongated faster during submergence period such as most genotypes in 

-

-

de-submergence (Table S3).

Correlation studies

-

-
-

(Table 2).
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Table 2

Traits % plants that 
reach to surface

Shoot elongation rate under submergence

10–13 days 10–13 days

Su
bm

er
ge

nc
e

Emergence date –0.81*** ns 0.59* –0.64**

% plants that reach to surface – 0.08ns –0.48* 0.81***

0.68** 0.48* –0.09ns –0.32* 0.69** 0.68**

13 days of sub. – – –0.09ns –0.49* 0.88*** 0.68** 0.48*

– –0.01ns – –0.45* –0.05ns 0.31* 0.01ns

24 days of de-sub. – –0.49* –0.45* – –0.42* –0.54* –0.31*

*,**, ***, ns P
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Discussion

Previous studies have reported that rapid emergence is a trait indispensable for early ger-
mination and good stand establishment under submergence conditions (Ismail et al. 
2009). The results of this study also indicated clear differences among genotypes in seed 

-
merged conditions. The seeds of most genotypes in cluster 1 emerged rapidly in both 

-
-

-
sume that rapid emergence of seed from the soil surface under submergence conditions 
can be considered as a basic trait component helps tolerant genotypes to escape or avoid 
complete submergence during early germination. This is because rapid emergence could 

most genotypes in cluster 1 may be due to the ability of these genotypes to degrade the 

-
tenance processes (Ismail et al. 2009).

Rapid elongation of the coleoptile under complete submergence is also considered to 

have used this trait as the criterion for selecting tolerant rice accessions, and the tolerant 
-

this study revealed that the genotypes in cluster 1 had the longest coleoptile (Table 1) and 

genotypes in cluster 3 attained a shortest coleoptile length and the coleoptile reached the 

-
leoptile length (Table 2). These results indicate that rapid coleoptile elongation can be 
considered a more reliable trait for submergence escape or avoidance during the initial 

et al.
manifested more clearly under submergence conditions. The results of this study also 

Sub1 -
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reported that ethylene not Sub1 -

-

 

that traits related to submergence avoidance or escape strategy are key mechanisms for 

key mechanisms to avoid or escape submergence stress during the early seedling stages. 

24 days of de-submergence (Tables 1 and S2). Furthermore, the genotypes in cluster 1 

submergence than the genotypes in clusters 2 and 3 (Tables 1 and S3). In addition, in-

submergence tolerance at the early seedling stage. 

-
-

submergence (Tables 1, S3 and S5). The most genotypes in cluster 1 attained a higher 

for most genotypes in cluster 3 (Tables S1, S2, S3, S4 and S5). These results indicate that 
rapid shoot elongation at the early seedling stage appears to be a favorable trait that 

-
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