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Affiliation of seed size with germination rate and percentage, seedling emergence rate and percentage, 
50% mean emergence time, cumulative emergence rate, through 4 Safflower cultivars (Isfahan, 
Goldasht, Padideh, and Sina), in three different sizes of seed, were investigated under two separate 
experimental conditions in the field and laboratory of Seed and Plant Certification and Registration 
Institute Karaj-Iran, during 2008 to 2010. Both experiments were conducted in a factorial arrangement 
based on randomized complete block design, with three replications. The field results showed that 
cultivars Goldasht and Padideh were superior compare to other cultivars and large seeds with the 
highest seedling emergence rate, 1000-SW, and seed yield were superior to control and small. In the 
laboratory, morphological traits consisted of germination percentage, fresh and dry weight of root and 
shoot were significantly different, so that cultivars Goldasht and padideh with large seeds displayed 
better reaction. Thus, due to display better performance by cultivars Goldasht and Padideh, also 
creating vigorous seedlings by large seeds, using cultivars with adequate food storage as well as 
selecting large seeds with more germination potential to obtain higher yield and good plant 
establishment should take into consideration. 
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INTRODUCTION 
 
Safflower is a versatile crop that can add considerable 
value to cropping systems by playing various strategic 
roles. Safflower was particularly important as an oil and 
pigment in southern Asia (Iran, Afghanistan, and India), 
As for all crops, planting seed should be genetically pure, 
free from seed borne diseases, have a high germination 
percentage (>80%) and be free from weed and other crop 
seeds. Many suppliers can provide a copy of equality 
certificate on request, otherwise samples can  be  sent  to 
 

an accredited laboratory for testing. The longevity of 
oilseeds under normal silo conditions is limited, so fresh 
seed should be used where possible (http://www.  
Australianoilseeds.com/-data/assets/pdf, 2013). In 
general, seed size has effects on many characters both 
in the field and laboratory tests. Seed size is an important 
seed quality characteristic affected by variety, environment 
and management practices. Seed may be viable and 
germinate but not emerge. A crust  may  form  and  inhibit
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emergence particularly on certain soils or if clear and 
windy days follow planting.  

Crust formation may also be a problem when planting 
into cold soils, where seed germination and emergence 
are slowed by low soil temperature (Mike, 2004). Percent 
of seed emergence and seedling emergence rate are the 
characteristics that could be observed in the field and 
could be used as an indicator of seed vigor. These 
characters usually differ under field stresses such as low 
temperature, wet or crusted soil in which small seeds of 
soybean and common bean perform better than large 
seeds due to seedling from small seeds were less 
damaged than large seeds (Hoy and Gamble, 1987; 
Sexton et al., 1994), while the large seeds of winter 
wheat (Chastain et al., 1995) and mung bean (Amin, 
1999) under the same conditions tended to do better in 
germination. Variation in seed size of chickpea is 
associated with geographical effects on genetic factors, 
irregular flowering, number of seeds per pod, and number 
of pods per plant (Pedersen et al., 1961; Smithson et al., 
1985; Miller et al., 2002).  

Also, several studies reported that, different sizes of 
sorghum seeds (Suh et al., 1974), and soybean seeds 
(Sexton et al., 1994) did not affect yield of these crops. 
(Singh et al., 1972) reported that, large seeds of soybean 
had greater supply of stored energy to support early 
seedling growth and subsequently affected plant growth 
and development. Similar result obtained by Roy et al. 
(2008) in rice, implied that, germination rate and seedling 
vigor index increased with the increase of seed size, 
while Kaya and Day (2008) reported that, the use of large 
seeds produced more vigorous seedlings under non 
saline conditions but the superiority was used up under 
saline conditions. 

However, seed size has been considered to be a 
significant factor only during the early stage of plant 
growth, nevertheless, Amin (1999) reported that, 50% of 
large-seeded mung bean matured earlier than that of 
small-seeded type. Despite large seed has an advantage 
of having higher stored energy supply but not all reports 
demonstrate the effects of seed size on the yield. 
According to previous studies, planting seed from crops 
which experience an extend period of warm, wet weather 
prior to harvest should be avoided. These conditions 
favor the development of Alternaria which can infect seed 
and transmit the disease to the next crop. Alternaria can 
cause newly planted seed to rot in the soil or the damping 
off of seedlings. The germination percentage of seed can 
also be markedly reduced by rain on mature crops which 
causes sprouting in the head (http://www. 
Australianoilseeds.com/-data/assets/pdf, 2013).  

Furthermore, undesirable seed and seeds with low 
viability which create feeble seedlings lead to minimum 
germination percentage while, seeds with proper size 
cause to stability in field emergence during next stages of 
plant growth. Therefore, this study was conducted to 
evaluate the affiliation of seed size with germination and 
its  effect  on  seedling  emergence  rate,  yield  and  yield  
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components of safflower.  
 
 
MATERIALS AND METHODS 

 
This research was carried out via two separate experiments, in the 
laboratory and research farm of Seed and Plant Certification and 
Registration Institute, Karaj – Iran, during (2008 to 2010 season). 
The farm is located at 35°59

'
 N latitude, 50°

 
75

'
 E longitude, and 

1313.00 m of altitude. Soil texture in research farm was loamy clay 
(Zahedi et al., 2012).  
 
 
Laboratory trial  
 
In the laboratory, experimental treatments involved 4 safflower 
cultivars (Isfahan, Goldasht, Padideh and Sina), in 3 sizes of seed. 
The seed samples were obtained from Seed and Plant Breeding 
Institute Karaj-Iran. The seeds were prepared according to their 
diameters using proper sieves: 

 
(1) Small: 2.0 to 3.0 mm 
(2) Large: >3.0 mm  
(3) Control: no sorting 
 

After treating the seeds with fungicide, 16 replicates of 25 seeds for 
each cultivar of 3 different sizes were prepared in 3 replicates, the 
samples were placed between 2 rolled filter papers (Whatman #2) 
and dampened with water then the whole rolled papers were put 
into a sealed plastic bag and placed in growth chamber at 25°C. A 
seed was considered to be germinated when the emerging radical 
elongated to 2.0 mm. Germination percentage (GP) recorded every 
24 h for 10 days and germination rate was computed by using the 
following formula as stated by Maguire (1962). After fixing the 
number of sprouts at the end of 10

th
 day, randomly 10 sprouts were 

selected, after that sprout length, root and shoot lengths were 
measured in centimeter, also fresh and dry weights of root and 
shoot were separately determined in grams.  
 
   No. of normal seedlings            No. of normal seedlings 

Germination rate=      +…+     
   Days to first count      Days to final count  
 
 
Field trial 
 

By using a randomized complete block design in factorial 
arrangement with 3 replications, randomly the treatments were 
distributed to experimental plots formed by 3.00 m long with rows at 
5.0 m spacing. Then in each plot the second row was separated 
into two distances (0.5 and 2.5 m lengths) so that per 2.5 m length 
involved 40 seeds at a space of 5.0 cm between them. The sprouts 
in this line were counted daily to determine seedling emergence 
rate and percentage (SER), (SEP), 50% mean emergence time 
(MET), and cumulative emergence rate (CER). Moreover to 
determine yield and yield components, after discarding border rows 
about 16 plants from each plot were harvested (1.0 m

2
). Three 

plants of each plot were selected randomly, then the characters 
comprised of plant number per plot, head number per plant, seed 
number per head, seed number per plant, 1000-seeds mass (in 
grams), head diameter (in millimeter) and plant height (in 
centimeter) were evaluated.  
 
 
Statistical analysis  
 

Analysis of variance (ANOVA) for all investigated parameters and 
correlation analysis were performed by using MSTAT-C computer 
software,   version  2.10   (Michigan   State   University),   and  SAS
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Table 1. Analysis of variance for measured characters in the laboratory. 
 

Mean squares (ms) 

S.O.V  df 
Germination 

percentage (%) 
Germination 
rate (ng/d)* 

Fresh weight 

of shoot 

Dry weight 

of Shoot 

Fresh weight 

of root 

Dry weight 

of root 

Sprout 

length 

Shoot 

length 

Root 

length 

R(Rep)  2 25.86 7.244
ns

 0.5045
ns

 0.000004 0.000784
ns

 0.0000485ns 4.4955** 5.5151** 0.2773
ns

 

Cultivar (C)  3 896.07** 53.317** 2.2588** 0.003155** 0.050143** 0.0000419ns 1.8474* 2.7507** 3.2101** 

Seed size (S)  2 146.19** 17.780** 0.812** 0.009691** 0.037417* 0.0013908** 0.5139
ns

  0.0043
ns

 0.2338
ns

 

C×S  6 16.27
ns

 0.810
ns

 0.0347
ns

 0.000221
ns

 0.00071
ns

 0.0000017
ns

 0.1869
ns

 0.2574
ns

 0.2539
ns

 

Error  22 12.53 2.843 0.09165 0.0001458 0.006765 0.0000303 0.5437 0.3966 0.4959 

 C.V.(%)  4.66 9.29 11.59 9.14  22.92 18.91 4.32 11.61 6.13 
 

** = Significant at 1% level, * = significant at 5 % level, ns = non-significant, *= number of germination per day. 
 
 
 
Table 2. Means comparison of laboratory characters using Duncan multiple range test (DMRT). 

 

Variable S.O.V 
Germination 

percentage (%) 

Germination 

rate (ng/day)* 

Fresh weight 

of shoot (g) 

Dry weight 

of shoot (g) 

Fresh weight 

of root (g) 

Dry  weight 

of root (g) 

Sprout 

length (cm) 

Shoot 

length (cm) 

Root 

length (cm) 

Cultivar 

(Esfahan) 80.56
b
 20.41

a
 2.16

c
 0.114

c
 0.31

b
 0.02944

a
 16.57

b
 5.59

a
 10.79

c
 

(Goldasht) 74.22
c
 17.95

b
 2.88

b
 0.157

a
 0.28

b
 0.04933

a
 17.52

a
 5.88

a
 11.26

bc
 

(Padideh) 86.00
a
 19.42

ab
 3.18

a
 0.135

b
 0.44

a
 0.04433

a
 17.36

a
 5.60

a
 11.77

ab
 

(Sina) 62.78
d
 14.83

c
 2.23

c
 0.122b

c
 0.40

a
 0.03089

a
 16.79

ab
 4.62

b
 12.16

a
 

           

Seed 
size 

(Control) 73.75
b
 19.54

a
 2.34

b
 0.105

c
 0.304

b
 0.0197

c
 16.07

a
 5.43

a
 11.4

a
 

(Large) 79.92
a
 17.24

b
 2.86

a
 0.162

a
 0.415

a
 0.0408

a
 16.22

a
 5.12

a
 11.13

a
 

(Small) 74.00
b
 17.68

b
 2.64

a
 0.129

b
 0.358

ab
 0.0268

b
 17.07

a
 5.4

a
 11.55

a
 

 

Means within the same column, followed by the same letters are not significantly different at 0.05 level by DMRT. *= Number of germination per day. 
 

 

 
procedures (SAS Institute., 1988). Significant differences 
among means were compared by Duncan's multiple range 
test (P < 0.05). 
 
 

RESULTS AND DISCUSSION  
 

Laboratory  
 
The analysis of resulting data for germination of 
safflower cultivars in 3 sizes indicated that, there 
were significant differences among cultivars for all  

measured traits except dry weight of root (Table 1).  
According to means comparison, the cultivar 
Padideh showed the highest amount of GP (86%), 
and greater fresh weight of shoot (3.18 g), and the 
cultivar Goldasht stood out with greatest dry 
weight of shoot (0.157) (Table 2). Also among 
seed sizes the large seeds showed the highest 
amount of GP (79.92%), fresh and dry weight of 
root presented better development compare to 
control and small. The results are in agreement 
with the  observations  of  Kaya  and  Day  (2008), 

Saranga et al. (1998) on sunflower, Roy et al. 
(2008) on rice and Chiangmai et al. (2006) on 
mung bean, they found better behavior of large 
seeds for most of the investigated parameters. 
 
 
Field  
 
The results of investigated parameters showed 
significant differences (P < 0.01) among cultivars 
for all traits except number of plant per plot (Table 
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Table 3. Analysis of variance for measured characters in the field. 
 

Mean squares (MS) 

S.O.V  df 

Seedling 
emergence  

percentage (%) 

50% Mean 
germination  

time 

Seedling 
emergence  

rate (nse/d)* 

Cumulative 

emergence rate 

(nse/d)* 

Plant 

height 
(cm) 

1000-seed 
weight 

(g) 

Plant 

number 
(n) 

Head per 
plant (n) 

Seed 

per head 

(n) 

Head 

diameter  

(mm) 

Seed 

yield 

(g/m2) 

R(Rep)  2 261.78** 0.043** 0.72** 72.181** 5.58ns 4.565ns 91.194* 37.75ns 24.78ns 1.08ns 1406.86** 

Cultivar(C)  3 1100.8** 0.071** 2.31** 209.465** 814.92** 1132.9** 42.59ns 1681.0** 1306.296** 57.124** 14285.36** 

Seed size (S)   2 435.53** 0.085** 2.48** 84.866** 64.33ns 340.57** 17.528ns 112.58ns 36.11ns 3.961ns 6161.86** 

C×S  6 27.194ns 0.005ns 0.048ns 2.040ns 20.22ns 17.43ns 20.23 ns  449.81* 42.520ns 1.148ns 224.08ns 

Error  22 33.051 0.004 0.108 3.964 62.49 13.84 20.982 124.93 68.475 4.164 196.89 

 C.V.(%)  7.74 8.20 8.87 9.39 7.01 8.03 24.39 29.54 18.08 7.11 6.80 
 

**= Significant at 1% level; * = significant at 5% level, ns = non-significant, * = number of seedling per day.  
 
 
 

Table 4. Means comparison of field characters using Duncan multiple range test (DMRT). 
 

 Variable  S.O.V 

Seedling 
emergence 

percentage (%) 

Mean 
germination 
time ng/d)* 

Seedling 
emergence 

rate (g) 

Cumulative 

emergence 

rate (g) 

Plant 
height 

1000-
SW 

Head per 
plant 

Seed 

per 

head 

Head 

diameter 
(cm) 

Seed yield 

(g/m
2
) 

Cultivar 

(Esfahan) 75.889
b
 0.802

b
 22.189

b
 22.189

b
 125.333

a
 37.463

c
 38.000

b
 53.222

a
 28.200

b
 204.778

b
 

(Goldasht) 75.556
b
 0.803

b
 22.167

b
 22.167

b
 114.111

b
 62.771

a
 23.556

c
 43.444

b
 30.956

a
 255.444

a
 

(Padideh) 86.222
a
 0.902

a
 25.967

a
 25.967

a
 103.111

c
 42.358

b
 33.556

bc
 56.667

a
 30.333

a
 207.111

b
 

(Sina) 59.444
c
 0.684

c
 14.478

c
 14.478

c
 108.444

bc
 42.730

b
 56.222

a
 29.778

c
 25.378

c
 157.889 

            

Seed size 

(Control) 68.833
b
 0.879

a
 4.125

a
 23.950

a
 110.08

a
 41.379

c
 35.0

a
 47.17

a
 29.38

a
 186.0

c
 

(Large) 80.750
a
 0.711

c
 3.225

c
 18.642

c
 114.25

a
 51.967

a
 37.42

a
 43.83

a
 28.46

a
 230.750

a
 

(Small) 73.250
b
 0.804

b
 3.783

b
 21.008

b
 113.92

a
 45.645

b
 41.08

a
 46.33

a
 28.32

a
 202.167

b
 

 

Means within the same column, followed by the same letters are not significantly different at 0.05 level by DMRT. *= Number of germination per day. 
 
 
 

3. Also significant differences observed among 
different sizes of seed for characters SER, SEP, 
MET, CER, 1000-SW and seed yield, for which 
cultivar Padideh with higher amount of SEP 
(80.75%), MET (0.902%), SER (25.96), CER 
(25.96), then cultivar Goldasht with greater 1000-
SW (62.77 g) and seed yield (255.4 g/m

2
) were 

superior to other cultivars. Among seed sizes large 

seeds with the highest amount of SEP (80.7%), 
1000-SW (51.96 g), seed yield (230.7 g/m

2
), plant 

height (114.25 cm) were superior, after that 
control seeds performed better reaction compare 
to small in each cultivar as shown in Table 4. 
Similar results obtained by Elliott and Rakow 
(1999) on oilseed rape and Matrinelli- Seneme et 
al.  (2000)  on  corn  seed.  Apart  from  seed  size 

variation among varieties, each variety may have 
unique features in which it can adapt to a specific 
condition (Amin, 1999). Large seeds could 
produce larger bean sprouts including sprout 
weight, head diameter, and stem diameter as well. 
This can be explained that, larger cotyledons had 
produced larger hypocotyls Black (1956), and 
Burris et al. (1971). Seed size × cultivar interaction
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Figure 1. Cultivar × Seed size interaction on number of head per plant. 

 
 
 

only for the number of heads per plant was significant (P 
< 0.05), and its performance is shown on Figure 1. The 
coefficient of variation were from 6.8% (seed yield) to 
29.5% (head per plant) which is an indicator of accurate 
performance of experiments and records of agronomic 
characters.  
 
 
Correlation coefficient between laboratory and field 
traits 
 
The evaluation of correlation coefficients between 
investigated parameters in the field and laboratory 
disclosed that, SEP in the field was positively correlated 
with GP and fresh weight of shoot in the laboratory as 
shown in Table 5. Positive correlation observed between 
SEP in the field with shoot length in the laboratory, on the 
other hand MET had positive correlation with GR but 
revealed negative correlation with dry weight of root. SER 
in the field with GR and shoot length had positive 
correlation, but indicated negative correlation with dry 
weight of root in the laboratory. There was positive 
correlation between CER in the field with GR, GP and 
shoot length under laboratory condition. Number of seeds 
per head was positively correlated with GR and GP. In 
addition positive correlation was found between head 
diameter with the characters including GR and GP, 
sprout length and shoot length. It figured out that, large 
seed with more germination vigor was the character 
which could be able to produce sprouts with better 
germination behavior and had compensated seed yield 
and other yield components. Seed yield disclosed 
positive correlation with fresh and dry weight of root and 
shoot length in the laboratory that originated from 
producing sprouts with higher weight by large  seeds  due 

to their ability for having more efficient photosynthesis 
under non-stress condition in the laboratory.  

One observation on the effect of seed size and seed 
number was that, both characteristics affected yield. 
However, the characters such as number and seed size 
may both affect and compensate each other in 
determining yield (Spaeth and Sinclair, 1984; Board et 
al., 1999) and the main factor which directly contributed 
to yield was dependent upon plant species and varieties. 
The correlation between yield and yield components with 
seed size has been estimated in different varieties and 
crop plants but not all reports presented the same 
conclusions. Length and width of soybean seeds were 
positively correlated with final seed size (Fraser et al., 
1982) but 1000-kernel weight of seeds harvested and the 
seeds per head of spring wheat were not significantly 
correlated with initial seed size Austenson and Walton 
(1970). 
 
 
Conclusion  
 
In conclusion, regarding background of each cultivar that 
influences seed vigor and plant establishment in the field, 
cultivars Goldasht and Padideh were superior to other 
cultivars for most of the investigated characters 
associated with viability. Subsequently, germination 
characteristics were significantly affected with seed size 
and among 3 sizes of seed, large seeds displayed better 
performance than other sizes of seed. Considering grain 
as the final sink during loading process with assimilate at 
the final step of ripening; imply that larger seeds with 
bigger area of cotyledon could be able to store much 
sufficient food in this period rather than small.Due to use 
of excessive seed at planting time by farmers  that  arisen 
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Table 5. Correlation coefficients among measured characters in the field and laboratory. 
 

Field                                            Lab 
Germination 

percentage (%) 

Germination 

rate  (ng/d)* 

Fresh 
weight 

of shoot  (g) 

Dry weight 

of shoot 
(g) 

Fresh 
weight 

of root (g) 

Dry weight 

of root  (g) 

Sprout 

length 
(cm) 

Shoot 

length 
(cm) 

Root 

length 
(cm) 

Seedling emergence percentage (%) 0.936** 0.477 0.762** 0.501 0.260 0.377 0.166 0.658* -0.462 

Mean germination time (%) 0.454 0.777** 0.209 -0.360 -0.297 -0.672* 0.526 0.489 -0.093 

Seedling emergence rate (nse/day)* 0.491 0.836** 0.163 -0.401 -0.453 -0.696* 0.533 0.622* -0.263 

Cumulative emergence rate (nse/day) 0.675* 0.856** 0.365 -0.203 -0.300 -0.503 0.498 0.685* -0.317 

Plant height (cm) 0.108 0.275 -0.473 -0.007 -0.498 0.016 -0.503 0.327 -0.788** 

1000-Seed weight (g) -0.015 -0.303 0.508 0.811** -0.163 0.485 0.471 0.401 -0.130 

Plant number 0.376 0.373 0.021 0.355 -0.358 0.151 0.028 0.662* -0.575 

Head per plant (n) -0.442 -0.499 -0.465 -0.342 0.346 0.062 -0.443 -0.665* 0.358 

Seed per head (n) 0.836** 0.866** 0.359 -0.127 -0.090 -0.259 0.135 0.574 -0.499 

Head diameter (mm) 0.617* 0.631* 0.616* 0.261 -0.323 -0.149 0.730** 0.804** -0.322 

Seed yield (g/m
2
) 0.527 0.226 0.616* 0.778** -0.205 0.437 0.348 0.793** -0.563 

 

** = Significant at 1 % level, * = Significant at 5 % level, * = Number of germination per day, * = Number of seedling per day. 
 

 
 

from uncertainty of field emergence and 
undesirable density, the selection of seeds based 
on proper size with more germination potential 
that would decrease the utilization of seed per 
hectare is recommended.  
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