
 
INTERNATİONAL JOURNAL OF AGRİCULTURE & BİOLOGY 
ISSN Print: 1560–8530; ISSN Online: 1814–9596 
10–539/AWB/2011/13–3–363–368 
http://www.fspublishers.org 
 

Full Length Article 
 

To cite this paper: Atis, I., M. Atak, E. Can and K. Mavi, 2011. Seed coat color effects on seed quality and salt tolerance of red clover (Trifolium pratense). 
Int. J. Agric. Biol., 13: 363–368 

 

Seed Coat Color Effects on Seed Quality and Salt Tolerance of 
Red Clover (Trifolium pratense) 
 
IBRAHIM ATIS, MEHMET ATAK1, ERSIN CAN AND KAZIM MAVI† 
Department of Field Crops, Faculty of Agriculture, Mustafa Kemal University, 31034-Hatay, Turkey 
†Department of Horticulture, Faculty of Agriculture, Mustafa Kemal University, 31034-Hatay, Turkey 
1Corresponding author’s e-mail: matak@mku.edu.tr 
 
ABSTRACT 
 
This research was aimed to investigate the relationship between seed coat color and seed quality of red clover. For this 
purpose, seed lots of red clover visually inspected in terms of seed color and then they separated by digital color measurement 
equipment as seed color yellow, purple, brown and mixed. Germinations test, a thousand grain weight, water absorption rate, 
mean germination time, emergence percentage, the electrical conductivity (EC) test also performed for the selection of highly 
vigorous red clover seed lots in salt stress conditions (0, 60, 120, 180 & 240 mM NaCl). Results revealed that seed coat color 
of red clover could be preferred as an indicator of seed quality and seedling growth ability. Yellow colored seeds lots of red 
clover had higher vigor and seed quality than other colors. Mean germination time (MGT) and electrical conductivity (EC 4 h) 
test showed significant differences among the seed coat color. Meanwhile, these two tests also showed highly significant 
correlation in emergence and seedling percentage in salt stress conditions. Brown colored seed lots showed lover seed vigor 
and viability that their digital measurement values was measured as a 44.49 L*, 14.97 a*, 26.05 b*, 29.87 C* and 60.05 Ho. 
The removal of the brown colored seed from the seed lots of red clover will improve the seed quality. © 2011 Friends Science 
Publishers 
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INTRODUCTION 
 

Red clover (Trifolium pratense L.) is one of the main 
forage species from temperate regions and its centre of 
origin is located in southern Europe and southern Eurasia 
(Taylor & Quesenberry, 1996; Algan & Buyukkartal, 2000; 
Herrmann et al., 2006). Although red clover is 
Mediterranean in origin, it is a widely adapted species 
grown in many climatic conditions around the world 
(Taylor & Smith, 1979). Red clover has a high nutritive 
value and, due to its ability to fix atmospheric nitrogen, red 
clover is of a high value to the soil and environment (Taylor 
& Quesenberry, 1996; Dias et al., 2008). Although a 
perennial species from a botanical standpoint, it generally 
persists in pasture two to three years under normal 
agricultural conditions (Ulloa et al., 2003). 
 Investigations have demonstrated that seed color 
influences water uptake (Powell et al., 1986), gas diffusion 
(West & Harris, 1963), seed dormancy (Baskin et al., 2000), 
seed quality, because of color pigment located in seed coat 
(Powell et al., 1986; Abdullah et al., 1991), germination and 
seedling emergence (Mavi, 2010) in some crop plants. 
Particularly, species in legume genus, different seed color 
texture affecting the water uptakes injure has been reported 
(Demir, 1996). 
 Seed coat ensures the integrity of the seeds allowing 

water and gases passage to the tissues and it has varying 
structure among the species. Seed coat color acquires own 
color along with maturity. Differences in seed color within 
species are associated with harvesting of seed from different 
developmental stage of fruit and some genetic differences 
with the developmental differences. In red clover, seed color 
is determined by two loci. If two loci are homozygous and 
recessive the color will be yellow. If two loci are 
heterozygote and dominant the seed color will be light 
purple. If two loci are homozygous and dominant the seed 
color will be purple, respectively (Bortnem & Boe, 2003). 
Brown and red color formation of the red clover seed lot is 
derived from aging of the seeds (Brown & Hillman, 1906). 

Previous investigations generally inspected the effect 
of seed coat color on seed quality of common bean (Powell 
et al., 1986), cowpea (Marwanto, 2004), pea (Atak et al., 
2008), rape (Zhang et al., 2008), flax (Dana & Ivo, 2008), 
Arabidopsis thaliana (Debeajun, 2000), Cyamopsis 
tetragonoloba (Liu et al., 2007), Cecropia obtusifolia 
(Tenorio-Galindo et al., 2008); however, no attempts have 
been made to analyze the effects of seed color in stress 
conditions. 
 Today, biotic and abiotic stress conditions are the most 
important factors limiting crop production. Salinity is one of 
the most lethal abiotic stress conditions affecting the crop 
production. Different colors of clover seeds in different 
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types of clover species present in same seed lot (Bortnem & 
Boe, 2003). Although such variation in the clover seed color 
has been known for more than 100 years by the researches 
(Brown & Hillman, 1906), specified literature discussing 
the effect of red clover seed color on seed quality has not 
been found. However, West and Harris (1963) have 
reported that seed storage duration (because of aging) has 
effect on increase in the number of red and decrease in the 
number of the yellow seeds in the seed lots of Trifolium 
incarnatum 'Dixie', and Trifolium repens L. These seeds 
color of the seed lots were determined by the visually. Seed 
color effect on germination and seedling growth in salt 
stress has not been correlated. Therefore, the aims of our 
research were (i) to determine seed quality of red clover 
which was visually separated in the same seed lots having 
different seed coat color, (ii) to determine effect of these 
seed lots that has different seed coat color in salt stress, (iii) 
to correlate seed coat color differentiation and seedling 
growth of clover if any to evaluate the potential of visually 
color inspection for red clover seed lots. 
 
MATERIALS AND METHODS  
 

The seed lots of red clover genotypes of cv. Rajah 
produced in 2008 were used in the experiments. All the 
seeds were stored at 5oC temperatures to maintain same 
moisture content until the beginning of the experiment. Seed 
colors of lots were determined by visual inspection of the 
seed coat color. Salt concentrations of the solutions were 0, 
60, 120, 180 and 240 mM adjusted using NaCl, with 
distilled water served as a control. Seed lots were prepared 
by visual inspection of seed coat color (Fig. 1; Lots 1 left to 
lots 4 right). At first, newly prepared lots seed moisture 
were determined by drying in oven at 130oC for 1 h. To 
determine quality differences of the seed lots, water uptake 
ratio (Demir et al., 2008), 1000 seed weight (g), mean 
germination time (h), emergence percentage (%), electrical 
conductivity values (4, 20 & 24 h µS cm-1g-1), germination 
percentage (%) in salt stress and seed coat color (L*, a*, b*, 
C*, Ho, by Minolta CR 300 color measurement instrument) 
were determined. Color determination of seeds was 

performed in 5x5 cm petri dishes filled by thick seed 
without any light leakage. Color measurement was performed 

three times for any color lots created visually before. 
The electrical conductivity test was performed 

according to Wang et al. (1994). Measurement of soaked 
water was performed 4, 20 and 24th h using conductivity 
meter (Model HANNA HI 255 Combined Meter, 
Germany). Results were expressed in µS cm-1 g-1 to take 
account of variability in seed weight among the seeds lots. 

Seed weight (g) was measured in 8 x 100 = 800 seeds 
by very sensitive (0.0001 g, sensitive) scale. Seed weight 
expressed as 1000 weight. Standard germination tests were 
performed (ISTA, 2008). Seeds were allowed to germinate 
at 20±1oC in the dark for 10 days in a growth cabinet. A 
seed was considered germinated when the emerging radicle 

was at least 2 mm long. Four replicates of 50 seeds from 
each seed color classes were germinated in 9x9 cm Petri 
dishes containing 2 layer Whatman filter papers with 4 mL 
distilled water. Germination percentage (GP) was recorded 
every 24 h for 10 days. At the final count, seedlings were 
classified as either normal or abnormal. Mean germination 
time (MGT) was calculated to assess the rate of germination 
(Demir et al., 2008), using the formula: 
 

MGT= Σ(n.D)/Σn 
 

Where n is the number of newly germinated seeds on 
each day and D is the day of counting. 

Seedling emergence tests were performed in 24±2oC 
conditions in 20 x 11 x 7 cm growing container. The 
emergence tests were performed at two different times using 
4 x 50 seeds. Normal and abnormal germinated seedling 
rate were determined. 

To determine the germination rate of four different 
doses of salt, together with control seeds were tested with a 
new experiment. For this purpose, seeds were allowed to 
germinate at 20±2oC in the dark for 10 days in a nine cm 
petri dishes. A total of 50 seeds were placed in each of four 
petri dishes used in the experiment and seeds considered 
germinated when the emerging radicle was at least 2 mm 
long. Normal and abnormal germinated seedling rate were 
determined. Doses of 0, 60, 120, 180 and 240 mM NaCl 
were prepared for applying to the germination seeds. 
 Analysis of variance was performed using SPSS 
statistical pocket program to determine seed color 
differences effects for investigated traits. Significant 
differences among the mean values were compared by 
Duncan multiple range test. Data for germination percentage 
were subject to arcsine transformation before statistical 
analysis. The correlation analysis was performed to 
determine relationship between seed color and seed quality 
or seed vigor of clover lots. 
 
RESULTS 
 
Seed initial moisture content and 1000 seed weights: 
Initial seed moisture of seed lots of red clover was changed 
between 8.1-8.5%. ANOVA showed that 1000 seed weights 
were significantly changed as the color of red clover seed 
lots were changed. The lowest seed weight of red clover 
was mixed (1.712 g) colored seeds lots and the highest seed 
weight of red clover was purple (1.879 g) colored seeds lots, 
respectively (Table I). 
Seed coat colors: Visually inspected and separated seed lots 
were subjected to digital color measurement to evaluate 
color classification and statistical analysis showed that seed 
coat color lots were significant. As expected, L* values was 
the highest for yellow seed lots and the lowest in purple 
seeds lots, respectively (0 represents the black color & 100 
represents the white color in L* values). In the same way, a* 
values representing red color was the highest (18.27) in 
purple colored seed lots, while the lowest (9.52) in yellow 
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colored seed lots. Representing the brightness, b* value was 
27.88 in yellow colored seed lots while it was 9.29 in purple 
colored seed lots. Hue and croma values were highest in 
yellow colored seed lots, while they were the lowest in 
purple colored seed lots (Table I; Fig. 1). 
Water uptake: Water uptake rate of different seed lots was 
also significantly different. It was determined that water 
uptake of brown seeds lots was higher than yellow and 
purple seeds. Water uptake of brown color seed lots was 
50% more than those of other lots within the first 5 h. Water 
uptake rate of all seed lots was significantly different in 7th 
h. Water uptake rate of purple and yellow color seed lots 
was still lower than the other two lots in 23th h. It was 
observed that water uptake rate of brown color seed lots was 
113.5% (Table II). 
Germination percentage and mean germination time: 
Initial germination percentage of different seed coat color 
lots was significantly varied. Brown color seed lots had the 
lowest total germination percentage (72%) and normal 

germination percentage (58%). Yellow colored seed lots had 
the highest total germination (99%) and normal (96%) 
germination percentage. Total and normal germination 
percentages of purple and mixed color seed lots took place 
between the brown and yellow colored lots (Fig. 2). Mean 
germination time values was significant similar to 
germination rate. Yellow color seed lots were germinated in 
57.25 h, while brown color seed lots were germinated in 
82.25 h (Fig. 2). 
Electrical conductivity (EC) test: EC tests were performed 
to determine seed vigor of seed lots showed that seed coat 
color was significant. To determine the most suitable 
leakage time, electrical conductivity test performed in 3 
different times (4, 20 & 24 h) and sowed that yellow colored 
seed lot had the lowest leakage values of 65.3, 162.0 and 
171.0 µS cm-1g-1, respectively. The ion leakage was parallel 
to seed color changing brightness to darkness of the seed 
lots, excluding purple seed lot. The brown colored seed lot 
had the highest EC values of 96.7, 211.0 and 222.3 µS cm-1 

g-1, respectively in 4, 20, 24 h. (Table III). 
Emergence percentage: Seed lots significantly differed in 
terms of emergence percentages (Table IV). Emergence test 
repeated two times and showed that yellow seed lots had the 
highest emergence percentages (in test 1 a total of 82.5%, 
normal 82.0%, in test 2 total 77.0%, normal 76.5% 
emergence percentages) and brown seeds lots had the lowest 
emergence percentages (test 1 a total of 18.0% normal, 
17.5%, test a total of 30.0%, normal 27.0% emergence 
percentages). Mixed and purple seed lots had the similar 
emergence percentages. 
Germination percentages in salt stress conditions: The 
ANOVA for both seed color and salts concentration 
interaction was significant with respect to germination 
percentages (Fig. 3). Total and normal germination 
percentages have been facilitated with increasing of the salt 
concentration. It was found that least affected seeds lots was 
yellow seeds, while the maximum effected seeds lots was 

Table I: 1000 grain weight, initial seed moisture and changes in color values of created red clover seed lots 
 

 Visual 
color 

1000 seed 
weight (g) 

İnitial moisture 
content (%) 

Dijital color parameters 
Lots L*±SE a*±SE b*±SE C*±SE Ho±SE 
1 Brown 1.773 b 8.5ns 44.49±0.9 c 14.97±0.6 b 26.05±0.3 b 29.87±0.4 a 60.05±0.3 c 
2 Mixed 1.712 c 8.1 48.11±0.4 b 11.80±0.6 c 24.27±0.2 c 27.01±0.4 b 64.20±1.2 b 
3 Yellow 1.804 b 8.1 52.53±0.7 a 9.52±0.3 d 27.88±0.2 a 29.67±0.3 a 72.10±0.1 a 
4 Purple 1.879 a 8.5 32.30±0.7 d 18.27±0.3 a 9.29±0.5 d 20.51±0.2 c 28.63±0.2 d 
Values followed by the same letter in a column are not significantly different from each other (P < 0.05) 
ns, Not significant 
 

Table II: Water uptake of red clover seed in relation to coat color, expressed as fresh weight percentage increase in 
time 
 
 Water uptake ratio (%) 
Visual color 0 1 h 3 h 5 h 7 h 23 h 25 h 27 h 
Brown 8.5ns 27.5 a 38.5 a 44.5 a 52.5 a 104.5 a 107.3 113.5 
Mixed 8.1 15.1 b 17.1 b 19.1 b 33.1 b 104.1 a * * 
Yellow 8.1 10.1 c 13.1 c 18.1 b 24.1 c 85.1 b * * 
Purple 8.5 10.5 c 11.5 c 13.5 c 17.5 d 86.5 b * * 
*Not measured since germination began 
nsNot significant 
Values followed by the same letter in a column are not significantly different from each other (P < 0.05)

Table III: Electrical conductivity test results of 
different seed color in red clover 
 
  Electrical conductivity (µS cm-1g-1 ) 
Visual color 4 h 20 h 24 h 
Brown 96.7 a 211.0 a 222.3 a 
Mixed 80.3 b 188.7 b 206.7 b 
Yellow 65.3 c 162.0 c 171.0 c 
Purple 69.7 c 162.7 c 173.3 c 
 

Table IV: Seedling emergence tests results in seed lots 
of red clover 
 
  Run 1 Run 2 
Visual color Total (%) Normal (%) Total (%) Normal (%) 
Brown 18.0 c 17.5 c 30.0 c 27.0 c 
Mixed 43.0 b 42.5 b 46.0 b 44.0 b 
Yellow 82.5 a 82.0 a 77.0 a 76.5 a 
Purple 47.5 b 47.5 b 52.0 b 50.5 b 
Values followed by the same letter in a column are not significantly 
different from each other (P < 0.05) 
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the lots that has colors of brown seeds. 240 mM salinity 
level had the most detrimental effect on all seeds lots. It was 
seen that 60 and 120 mM salt concentrations were the 
suitable doses to show the seed color differences clearly 
(Fig. 3). 
Correlation of seed lots and germination under salinity: 
Correlation analysis of emergence and vigor test results 
were presented in Table V. Ten tests were performed for 
vigor comparisons and 6 out of 10 had significant 
relationship. Among the compared tests, mean germination 
test showed the most successful significant correlation. This 
test was followed by electrical conductivity test (for 4 h). It 
was determined that MGT and EC tests were successfully 
used estimating emergence percentage and germination 
percentage in salt stress conditions (Table V). In order to 
better highlight effectiveness these two tests regression 
analysis were performed and results are presented Fig. 4. 
Results showed that both MGT and the EC tests were 
statistically significant (P<0.001) to estimate emergence and 
germination percentages in salt stress conditions. Brown 
(gray, empty and full symbols in Fig. 4) colored seed lot had 
the lowest germination and emergence percentages while 
the highest values of EC and MGT values (Fig. 4a & b). 
 

DISCUSSION 
 

It was found that there were differences in quality of 
seed lots of red clover variety Rajah formed according to 
seed coat color. Seed color of Rajah had affect on 

germination percentages in salt stress conditions and 
seedling emergence percentages. Vigor tests showed that 
brown and mixed seed color lots of Rajah had lower vigor 
than the yellow colored seed lot. These findings have been 
confirmed by simple correlation analysis (Tables I, II & IV; 
Fig. 1, 4a & b). 

EC test has been used one of the validated tests in pea 
(ISTA, 2008) to show for seed vigor. Furthermore, EC test 
have been used successfully in legumes such as bean 
(Kolasinska et al., 2000), lentil (Makkawi et al., 1999) and 
red clover (Wang et al., 1994). Our findings are important 
since it is clearly showed that EC test may used in red clover 
seeds lots that have different seed coat color (Table III & 
IV; Fig. 4a & b). From this perspective, our findings were 
similar to those of Wang et al. (1994). In terms of used 
times, measurement of the end of the 4 h duration was 
highly correlated to germination under salinity stress and 
emergence. Also, in terms of going to result in a short time 4 
h measurement was of great importance. Indeed, the 

Table V: Correlation (r) coefficients between seed vigor tests, emergence (%) and salt stress germination in 
different seed coat color lots of red clover 
 
    Electrical Conductivity 

(µS cm-1g-1) 
Emergence NaCl levels (mM) 

  MGT (h) 4 h 20 h 24 h Run 1 Run 2 60 120 180 240 
1000 seed weight (g) -0.383 -0.467 -0.615 -0.697 0.242 0.295 0.622 0.224 0.154 0.473 
 MGT  0.988* 0.960* 0.911 -0.872 -0.867 -0.960* -0.981* -0.970* -0.994** 
Electrical 
Conductivity 
(µS cm-1g-1) 

4 h   0.984* 0.956* -0.911 -0.913 -0.981* -0.941 -0.929 -0.986* 
20 h    0.989* -0.849 -0.861 -0.999** -0.890 -0.864 -0.978* 
24 h     -0.838 -0.858 -0.986* -0.815 -0.786 -0.936 

Emergence 
(%) 

Run 1      0.998** 0.832 0.824 0.844 0.836 
Run 2       0.844 0.807 0.823 0.835 

NaCl level 60 mM        0.893 0.865 0.980* 
120 mM         0.996** 0.963* 
180 mM          0.943 
           

*P < 0.05, **P < 0.01 

Fig. 1: Mixed seed lots and visually inspected seed lots 
of red clover used in the experiment. Bar represents the 
1 cm in length 
 

 

Fig. 2: Germination percentages (total □ and normal ■) 
and mean germination time (▲) changes in respect to 
seed coat color. Different letters on the lines in the same 
direction indicate statically difference between the 
averages (P < 0.05) 
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measurement of EC test (4 h) 65.3 µS cm-1g-1 in yellow 
seeds lots have obtained, while the brown seeds in the lots, 
this value was 96.7 µS cm-1 g-1 (Table III). Similar findings 
were obtained in seed lots classification by 4 h measurement 
by Wang et al. (1994) in red clover. 

It was important that seed lots should be harvested 
during the most appropriate time to eliminate adverse seed 
coat effects on seed quality. Also, the seeds of a different 
color with a blend of seeds in the same lots should not be 
used. Hence, differences in seed coat color within seed lots 
could be visually separated, as simple technique that can be 
specified with the help of digital color meter, respectively 
(Table I & Fig. 1). In this way, benefits in color evaluation 
of seed lots were provided by color meter. Seed lots were 
classified according to seed coat color by using image 
analysis method in flax (Dana & Ivo, 2008) and Ambrosia 
trifida (Sako et al., 2001) species. Our findings showed that 
this method may be also used to classify red clover seed lots 
according to seed coat color. 

Differences in seed color also lead to differences in the 
amounts of color pigments in the seed coat. For example, 

uptake of water and the water tolerance of seeds to 
excessive water (water logging) was significantly associated 
with the seed color and amount of melanin pigment in some 
rape species. Melanin pigment content was higher in red and 
black seed coat of the rape seed lots. Colored seed also 
showed slow water uptake, low electrical conductivity and 
high tolerance against excessive water. Low melanin 
content in seeds of yellow color and quick water uptake was 
observed (Zhang et al., 2008) in rape seed. In our study, 
brown colored seed lots showed rapid water uptake. 
However, pigment content of the seed lots been studied. 

Seeds coat creates a special barrier to water to access 
to seed in the first phase (The rapid water uptake phase in 
germination). Additionally, seed coat also does not allow 
passage of water and/or oxygen and have mechanical effect 
on germination by hindrance causing adverse effect on 
germination (Mohamed-Yassen et al., 1994). Seed coat 
color has effect on the water uptake damage in many legume 
species, especially, the white-colored varieties of legumes 
absorb water faster than colored varieties and that they have 
a lower germination percentage (Powell et al., 1986). 

Fig. 4: Slope and coefficient of regression between 
seedling emergence (Run 1, ■ and Run 2, □) and 
germination of salt stress conditions (60 mM, ● & 120 
mM, ○) with EC (A, 4 h) and MGT (B) vigor tests in 
different red clover seed lots, Tin line Run 1, thick line 
Run 2, dotted line 60 mM, NaCl and break line 120 
mM, NaCl indicate regression slope, Full and empty 
gray symbols were used to define seed lot of brown 
seed coat color, ***P < 0.001 
 

 

Fig. 3: Effects of germination (total A & normal B) in 
salt stress conditions for red clover seed lots of different 
seed coat color, (Note: Lower case letters in the bars 
indicate statistical significance in salt stress mean, while 
different number indicate the statistical significance (P 
< 0.05) between the averages of different seed color of 
seed lot) 
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Similar results were obtained from the brown seed coat 
color of red clover in our study. Mohamed-Yassen et al. 
(1994) have reported that damaged seed coat absorbs water 
so fast and resulting in water uptake damage in seed lots. It 
can be said that because of seed aging of brown colored 
seed lots, seed coat structure was broken down therefore, 
taking more water than the other seed lots (Table II). 

Salinity is one of the most important abiotic stress 
factors production constraints. Different clover species 
indicated different tolerances to salt stress (Rogers et al., 
2009). In this experiment, brown color seed lots were 
affected worse than the other colored seed lots and these 
effects were significant (Fig. 3a & b). Although no cases 
identified in different salt stress conditions, Brown and 
Hillman (1906) have reported that the brown color of red 
clover seeds within seed lot increased with aging. Ates and 
Tekeli (2007) have found that germination percentage of 
different T. resipinatum sp. was 5% in dose of 150 mM salt. 
In our study red clover germinated successfully in a dose of 
180 mM salt, while 240 mM was detrimental (Fig. 3a & b). 
Since no previous reports have addressed any germination 
percentage in pasture legumes (Nichols et al., 2009), higher 
salt doses were not used further in our study. 

In conclusion, yellow colored seed lots had greater 
seed vigor than the other colored seed lots. Moreover, 
differences in seed color of the red clover can be used as a 
marker of quality of the seed. The identification of seed 
color by digital image is important since visual inspection 
may result in mistakes. It is also possible to separate brown 
colored seed with the help of provided colorimeter machine 
quickly within seed lots. In this way, red clover seed will be 
provided to increase the quality of the seed lots. Thus, 
removal of brown colored seed from the seed lots will 
improve the quality of the seeding lots in red clover. 
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