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Abstract 
 

A two-year study was conducted using seed of six cultivars of Trifolium pratense (red clover) and three cultivars of Lolium 

multiflorum (Italian ryegrass), to test the effect of different treatments including exposure to 50% H2SO4 for10, 30, 60, 90 min; 

to 80
o
C temperature for 10, 30, 60, 90 min; gibberellic acid (GA3) at 250, 500, 1000 and 1500 mg L

-1
; and potassium nitrate 

(KNO3) at 0.1, 0.2, 0.35 and 0.5%. Germination, dormancy and vigour of both red clover and ryegrass were assessed. In case 

of T. pratense seed, there was a significant (p ≤ 0.05 or p ≤ 0.01) interaction between all the cultivars and treatments. A 

significant (p ≤ 0.05) interaction was also observed between the L. multiflorum cultivars and H2SO4 including temperature 

treatments. However, no significant interactions were noted between the GA3 or KNO3 treatment, germination and vigour. The 

results showed that by selecting the optimal treatment (H2SO4 30' or H2SO4 60'T. pretense and GA3 1000 mg L
-1 

L. 

multiflorum) for a particular cultivar it is possible to significantly improve germination and vigour, and thus ensure 

technologically more effective and economical establishment of a grass-legume mixture of L. multiflorum and T. pratense. © 

2018 Friends Science Publishers 
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Introduction 

 
In central and south-eastern Europe, T. pratense (red clover) 
and L. multiflorum (Italian ryegrass) are important high-
quality forage crops (Jurmescu et al., 2012). These are 
grown both as main crops and in mixtures with other 
species. The latter approach is prevalent and offers many 
advantages (Simić et al., 2011). Numerous studies in this 
region on both of these forage species report highly variable 
morphological properties, consequent forage quality and 
yield fluctuations (Petrović et al., 2014; Tomić et al., 2015). 
However, very few studies provide results pertaining to the 
variability of seed quality and viability. According to 
Zimmermann et al. (1998), seeds of perennial forage 
legumes (Medicago sativa, Lotus corniculatus, Trifolium 
repens, T. pratense and Melilotus albus) are hard and 
dormant. In the case of red clover, the specific morphology, 
anatomy of the seeds and the chemical composition of the 
seed coat (polyphenols, lignin, tannin, cellulose pectin and 
hemicellulose) prevent the entry of water and gasses and 
thus thwart germination, especially of dark seeds (Galussi 
and María, 2017; Velijević et al., 2017). 

The dormancy of perennial grass seeds is 

controlled by mechanisms within the structure that 

covers the embryo and/or mechanisms within the 

embryo, or a combination of the two (Adkins et al., 

2002). Seed dormancy generally depends on the forage 

grass species (Stanisavljević et al., 2015), but also varies in 

the same species (Stanisavljević et al., 2012). Under field 

conditions, dormant seeds germinate later and cannot 

compete with already developed plants, such that don't 

have considerable effect on crop establishment (Van 

Assche et al., 2003). Germination and vigour play a 

decisive role in crop establishment and the achievement 

of projected species ratio (s) of crop mixtures. 

Consequently, the objective of the present study was to 

determine the variability of T. pratense and L. 

multiflorum cultivars with regard to germination, 

dormancy and vigour, by applying different seed 

treatments and selecting the optimal treatment that will 

improve germination and vigour, and thus facilitate the 

achievement of the projected ratio of the grass-legume 

mixture of L. multiflorum and T. pratense. 

mailto:ratibor.strbanovic@yahoo.com
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Materials and Methods 
 

Experimental Details and Treatments 

 

Experimental material: The seed for the study were 

obtained from conventional seed crops and the same parcels 

of land in Serbia and Bosnia & Herzegovina (42
o
 34'-45

o
 51' 

N, 17
o
 35'-21

o
 55' E, 65-598 m.a.s.l.), after standard 

(combine) harvesting. The seed of the red clover diploid 

cultivars (cv. Sana, Petnica, Una, Nike, K-17, and K-39) 

were collected in the first half of August (second cut), and 

of the Italian ryegrass diploid cultivars (cv. Aubade, Draga, 

and K-13) in the latter half of May (first cut). After 

harvesting, the seed were dried to 12% moisture contents, 

processed, placed in paper bags, and stored under normal 

conditions in a seed warehouse: T. pratense for about two 

months and L. multiflorum for approximately four months. 

Treatments: At the end of September, which is the sowing 

time of the studied cultivars, the seed were treated with 

H2SO4 (50%) for 10 (C1), 30 (C2), 60 (C3) and 90 (C4) 

min; exposed to a temperature of 80
o
C for 10 (D1), 30 (D2), 

60 (D3) and 90 (D4) min ('); treated with gibberellic acid 

(GA3) in concentrations of 250 mg L
-1

 (E1), 500 mg L
-1

 

(E2), 1000 mg L
-1

 (E3) and 1500 mg L
-1

 (E4), or treated 

with potassium nitrate (KNO3) in concentrations of 0.1% 

(F1), 0.2% (F2), 0.35% (F3) and 0.5% (F4).Seed 

germination, dormancy and vigour were determined after 

the above treatments in four replications, including control 

(C0, D0, E0, F0). The seeds were tested for seven days in 

dark germination cabinets, on filter paper, at a temperature 

of 20
o
C after pre-chilling at 5°C. The final count was taken 

on the 14
th
 day for L. multiflorum and the 10

th
 day for T. 

pratense (ISTA, 2016). A tetrazolium test was applied to 

hard seeds in order to separate dead seeds (ISTA, 2008). 

Seedling vigour was determined in terms of embryonic 

shoot length (cm) and root length (cm). 

 

Statistical Analysis 

 

The results were analysed for variance (ANOVA, F test). 

Tukey's multiple range test was applied to establish 

differences between the treatments. The relationship 

between traits was established by Pearson's correlation test. 

Germination data and dormancy percentages were arcsine 

transformed (√x/100) (Snedecor and Cochran, 1980) before 

the variance analysis. Minitab 16.1.0 software was used for 

data processing. 

 

Results 

 
The results showed that the year effect had no significant 

influence on germination, dormancy and vigour. The 

cultivars and other treatments (H2SO4 C, Temperature D, 

KNO3 E, Gibberellins F) had a significant (p ≤ 0.05 – p≤ 

0.001) effect. In the case of T. pratense, significant (p ≤ 0.05 

or p ≤ 0.01) interactions were noted for cultivar B x H2SO4 

C, B x Temperature D, B x KNO3 E and B x Gibberellins F 

(Table 1). In case of L. multiflorum, there were significant (p 

≤ 0.05) interactions of B x C and B x D, with respect to 

germination, dormancy and vigour, and of B x F for vigour, 

while the other interactions were not significant (Table 1). 

The H2SO4
 
treatment for 90 min. (C4) for T. pratense 

resulted in a complete break of dormancy, but also increased 

the number of dead seeds (data not shown). Consequently, 

the germination rate in this case was similar to control 

treatment (C0). Following treatment with H2SO4 for 10 min. 

(C1),30 min. (C2) and 60 min. (C3), 2% to 7% of seed 

remained dormant but germination improved by 35% (cv. 

Sana) to 15% (cv. K-39). On average, the optimal acid 

treatment (H2SO4 for 30 min. – C2) of the six studied 

cultivars ( X B) of red clover improved germination by 21%. 

Depending on the cultivar, the optimal H2SO4 (50%) 

treatment was C1, C2 or C3 improved shoot and root 

growth of T. pratense. The same treatments applied to L. 

multiflorum cv. Aubade seed had no significant effect on 

shoot growth, and when applied to the other two 

cultivars had a significant effect on both root and shoot 

growth (Table 3). In general, L. multiflorum seed were 

more sensitive to the acid treatments, corroborated by 

C4 and C3 with no dormant seeds. The optimal acid 

treatment was C2, which improved germination by 18% 

compared to C0 ( X B). Germination of the cultivars 

improved by 24% (cv. K-13) to 10% (cv. Draga) (Table 

3). Exposing red clover seed to a temperature of 80
0
C 

for 90 min (temperature of 80
0
C, 90 min. – D4), did not 

fully break seed dormancy, but increased the number of 

dead seeds, which ultimately resulted in a smaller 

improvement of germination compared to acid treatment 

(Table 2). The cultivars responded differently, such that the 

optimal treatment for cv. Petnica was 80˚C for 10 min. – D1 

(G, 91%), whereas for cv. K-17 was D4 (G, 93%). By 

selecting the optimal temperature treatment for a 

particular cultivar it was possible to improve 

germination by 24% (cv. Sana and Petnica) to 10% (cv. 

Una). Contrary to T. pratense, the temperature 

treatments improved germination and vigour of L. 

multiflorum, compared to the H2SO4 treatment (Table 2). 

The optimal treatment (80˚C for 30 min. – D2) resulted in a 

high germination rate (97%) ( X B). Selection of the optimal 

treatment per cultivar improved germination by 31% (G, 

98%, cv. K-13) to 19% (G, 97% cv. Draga). 
Following the optimal temperature treatment (80

0
C for 

30 min. – D2) of T. pratense seed, the shoot was 1.0 cm 

longer and the root 0.2 cm longer, compared to D0 ( X

B). Optimal treatment per cultivar resulted in longer 
shoots, compared to the control treatment, by 1.4 cm 
(cv. K-17) to 0.6 cm (cv. Una) (Table 4). The optimal 
temperature treatment (D1) of L. multiflorum seed 
increased the length of the shoot by 3.5 cm and of the 

root by 1.7 cm, compared to the control treatment ( X B). 
Depending on the cultivar, the shoot length increased by 
5.1 (cv. K-13) to 1.6 cm (cv. Draga) (Table 5).   
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Table 1: ANOVA by year, cultivar and treatment (C, D, E and F) with regard to germination (G), dormancy (D) and 

vigour of red clover and Italian ryegrass seeds 
 

Parameter T. pratense L. multiflorum 

d.f G,% D,% Vigour d.f G,% D,% Vigour 

Shoot cm Root cm Shoot cm Root cm 

Year (A) 1 NS NS NS NS 1 NS NS NS NS 

Cultivar (B) 5 ** ** * * 2 ** *** * * 

H2SO4 (C) 3 *** *** *** *** 3 *** *** ** ** 

Temperature (D) 3 *** *** ** ** 3 ** *** * * 

KNO3 (E) 3 * ** * * 3 ** ** * * 

Gibberellins (F) 3 * ** * * 3 * ** * * 

Interactions           

AxB 5 NS NS NS NS 3 NS NS NS NS 

AxC 3 NS NS NS NS 3 NS NS NS NS 

AxD 3 NS NS NS NS 3 NS NS NS NS 

AxE 3 NS NS NS NS 3 NS NS NS NS 

AxF 3 NS NS NS NS 3 NS NS NS NS 

BxC 15 * ** * * 6 * * * * 

BxD 15 * * * * 6 * * * * 

BxE 15 * * * * 6 NS NS NS NS 

BxF 15 * * * * 6 NS NS * * 

F test, statistical significance levels: *p≤ 0.05, **p≤ 0.01, ***p≤ 0.001, NS – not significant (p ≥0.05) 
 

Table 2: Seed germination 
(a)

 and dormancy 
(b)

 after treatments: H2SO4 (C1-C4), temperature (D1-D4), GA3 (E1-E4), and 

KNO3 (F1-F4) 
 

Treatments C, D, E, F  Cultivar of T. pratense 

 Sana Petnica Una Nike K-39 K-17 
(a)C0 56±1.05c 67±1.10c 73±1.11c 72±1.12b 75±0.90b 72±1.12c 69 

H2SO410’ 87±1.02a 86±1.12a 86±0.95b 87±1.12a 88±1.12ab 88±1.10a 87 

H2SO430’ 91±1.09a 89±1.01a 90±1.10a 86±1.11a 90±1.10a 91±1.09a 90 

H2SO460’ 89±0.95a 87±0.98a 87±1.05ab 88±1.00a 90±1.05a 91±0.95a 89 

H2SO490’ 78±1.12b 78±1.03b 74±1.12c 71±0.90b 49±1.07c 67±1.12c 70 

 
80 81 82 81 78 83 - 

(b)
C0 38±1.12

a
 25±0.92

a
 22±1.12

a
 19±1.12

a
 19±1.03

a
 21±0.95

a
 24 

H2SO410’ 6±1.08
b
 6±1.04

b
 7±1.10

b
 6±1.06

b
 5±1.07

b
 5±1.11

b
 6 

H2SO430’ 4±0.95
bc

 5±1.09
bc

 4±1.03
bc

 4±1.05
bc

 5±1.10
b
 4±1.05

b
 4 

H2SO460’ 3±1.11
cd

 2±1.12
bc

 2±1.00
cd

 2±0.95
cd

 2±1.12
bc

 3±0.98
b
 2 

H2SO490’ 0±0.00
d
 0±0.00

c
 0±0.00

d
 0±0.00

d
 0±0.00

c
 0±0.00

c
 0 

 
10 8 7 6 6 7 - 

(a)D0 56±1.05d 67±1.10b 73±1.11bc 72±1.12c 75±0.90c 72±1.12c 69 

Temp. 80oC 10’ 77±1.08ab 91±1.12a 77±1.12b 79±1.08b 81±1.12bc 86±1.10b 83 

Temp. 80oC 30’ 80±1.11a 90±0.95a 83±0.98a 84±1.12a 85±1.12b 91±1.12a 85 

Temp. 80oC 60’ 71±1.09b 89±0.98a 77±0.95b 76±1.10b 86±1.12b 94±1.06a 81 

Temp. 80oC 90’ 65±1.00c 89±1.03a 71±1.07c 70±1.12c 92±1.12a 93±1.05a 80 

 
65 85 76 76 84 87 - 

(b)D0 38±1.12a 25±0.92a 22±1.12a 19±1.12a 19±1.03a 21±0.95a 24 

Temp. 80oC 10’ 18±1.10b 10±1.10b 15±1.11b 13±0.95b 12±1.12b 21±1.11a 13 

Temp. 80oC 30’ 8±1.07c 8±0.95b 9±1.03c 7±0.98c 10±1.00b 9±0.94c 9 

Temp. 80oC 60’ 8±1.03c 8±1.12b 8±1.02c 6±1.01c 6±0.99c 4±1.00d 7 

Temp. 80oC 90’ 6±1.00c 7±1.10b 7±1.00c 6±1.12c 6±0.96c 4±1.06d 6 

 
16 12 12 10 10 10 - 

(a)
E0 56±1.05

c
 67±1.10

c
 73±1.11

c
 72±1.12

b
 75±0.90

b
 72±1.12

c
 69 

GA3250 mg l-1 71±1.12
b
 68±1.00

b
 72±1.12

a
 71±1.03

b
 75±1.10

b
 75±0.90

ab
 72 

GA3 500 mg l-1 78±1.03
a
 77±1.04

a
 77±1.07

a
 78±0.93

a
 82±1.12

a
 76±1.00

a
 78 

GA3 1000 mg l-1 74±1.00
ab

 79±1.10
a
 75±0.97

ab
 76±0.98

a
 79±1.09

a
 75±1.10

ab
 76 

GA3 1500 mg l-1 60±0.90
c
 63±1.01

b
 63±1.10

d
 63±1.12

c
 62±1.05

c
 62±1.05

c
 62 

 
68 71 72 72 75 72 - 

(b) E0 38±1.12a 25±0.92a 22±1.12a 19±1.12a 19±1.03a 21±0.95a 24 

GA3250 mg l-1 15±1.07b 15±0.90b 15±1.01b 15±1.08b 14±0.99b 15±1.12b 15 

GA3 500 mg l-1 14±1.10d 12±0.96b 13±0.97b 12±1.10b 12±0.94b 13±0.95b 13 

GA3 1000 mg l-1 15±0.93b 12±1.04b 15±1.00b 13±0.97b 12±1.03b 13±1.00b 13 

GA3 1500 mg l-1 13±1.01d 13±1.12b 13±1.10b 15±1.03b 131.12b 12±1.08b 13 

 
19 15 16 15 14 19 - 

(a) F0 56±1.05c 67±1.10c 73±1.11c 72±1.12b 75±0.90b 72±1.12c 69 

KNO3 0.1% 63±1.12a 66±1.12a 78±1.12ab 73±1.10ab 77±1.12ab 81±1.01a 73 

KNO3 0.2% 60±1.10ab 70±1.03a 85±1.09a 73±0.93ab 80±1.05a 80±0.91a 75 

KNO3 0.35% 59±0.92ab 68±1.08a 75±0.96ab 77±1.06a 74±0.92b 81±1.05a 72 

KNO3 0.5% 56±1.03b 67±1.11a 75±1.00ab 71±1.12b 74±1.02b 73±1.12b 69 

 
59 68 77 73 76 77 - 

(b)
 F0 38±1.12

a
 25±0.92

a
 22±1.12

a
 19±1.12

a
 19±1.03

a
 21±0.95

a
 24 

KNO3 0.1% 32±1.03
a
 25±1.12

a
 18±0.96

a
 20±1.03

a
 17±1.12

ab
 19±1.06

ab
 22 

KNO3 0.2% 38±1.12
a
 25±1.03

a
 19±1.08

a
 16±0.99

ab
 16±0.92

ab
 18±1.12

ab
 22 

KNO3 0.35% 37±0.97
a
 24±1.00

a
 20±1.10

a
 16±0.92

ab
 15±1.01

ab
 16±0.97

b
 21 

KNO3 0.5% 36±0.90
a
 23±1.10

a
 20±0.97

a
 14±1.12

b
 14±1.04

b
 17±1.00

ab
 21 

 
36 24 20 17 16 18 - 

Tukey's test, p≤ 0.05, ± standard error of mean, was applied to assess the significance by column, separately for C, D, E and F 
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The GA3 treatment of T. pratense seed 
significantly (p ≤ 0.05) reduced dormancy relative to the 
control treatment, but there was no significant (p ≤ 0.05) 
difference among treatments GA3 1000 mg L

-1 
(E1) 

through GA3 1500 mg L
-1 

(E4) (Table 2). The optimal 
treatment (GA3 500 mg L

-1 
– E2) improved germination 

by 9% compared to the control treatment ( X B). 
Selection of the optimal treatment per cultivar improved 
germination by 22% (cv. Sana) to 4% (cv. Una and K-
17). However, the GA3 treatment did not improve 
germination as much as the H2SO4 and temperature 
treatments (Table 2). Conversely, the GA3 treatment of 
L. multiflorum seed resulted in a germination rate of 

97% (treatment E3 X B). All the cultivars achieved the 
same germination rate (97%). The cultivars responded 
similarly to the other treatments. Following the E2 
treatment of T. pratense, the shoot was 0.8 cm longer 
and the root 0.3 cm longer than after the control 
treatment. The cultivars measured a longer shoot than 
the control, from 1.3 cm (treatment E1 of cv. Sana and 
treatment E2 of cv. K-17) to 0.2 cm (treatments GA3 
250 mg L

-1 
E1 and E2 of cv. Nike), while the roots were 

longer by 0.5 cm (E1, cv. Sana) to 0.3 cm (E2, cv. K-
17). L. multiflorum seed generally had the highest vigour. 
The optimal treatment (E4) increased the length of the 
shoot by 7.8 cm and of the root by 1.9 cm (treatment E1
X B), compared to the control treatment ( X B) (Table 5). 
Considering all the cultivars, the shoot length increased 
from 7.8 cm (KNO3 0.35% – E3, cv. Aubade) to 6.4 cm 
(KNO3 0.5% – E4, cv. Draga), and the root length from 
2.4 cm (KNO3 0.2% – E2, cv. Aubade and E4, cv. K-13) 
to 1.5 cm (E2, cv. Draga). 

The KNO3 treatment of T. pratense seed had a 

significant (p ≤ 0.05) effect on cv. Nike, K-17 and K-39 and 

reduced dormancy by 4‒5%. The optimal treatment (F2) 

improved germination by 6% ( X B) and, depending on the 

cultivar, by 9% (treatment F3 of cv. K-17) to 1% (F3, cv. 

Petnica). The optimal treatment (F4) of L. multiflorum seed 

improved germination by 22% ( X B); the cultivars 

responded in a similar manner to this treatment, which 

was corroborated by no significant interaction of 

cultivars Bx KNO3 F (Tables 1 and 5). The optimal 

treatment (KNO3 0.2%) of the red clover seed increased 

the lengths of the shoot and root by 0.7 and 0.3 cm, 

respectively compared to the control treatment ( X B). 

Selection of the optimal treatment per cultivar increased 

the length of the shoot by 1.8 cm (treatment KNO3 0.1% 

– F1 of cv. K-17) to 0.2 cm (F2, cv. Petnica), and 

increased the length of the root by 0.8 cm (F4, cv. Sana) 

to 0.4 cm (F3, cv. Una). A much larger increase in the 

shoot length was noted in the case of Italian ryegrass (5.6 

cm after treatment F3, compared to the control treatment), 

and in the root length (0.6 cm by F3 and F1, relative to the 

control treatment X B). A positive correlation was 

established between germination and vigour of all the 

cultivars of both species. In the case of the red clover, it 

ranged from the strongest (p ≤ 0.001) for cv. Sana (shoot 

r=0.933 and root r=0.748) to no significant correlation 

with cv. Nike in respect of the root (r=0404). The 

strongest correlation (p ≤ 0.001) between germination 

and shooting was noted in the case of Italian ryegrass cv. 

K-13 (r=0.806), while there was no significant 

correlation (r=0.179) between germination and rooting 

of cv. Draga (Table 6). 

Table 3: Seed germination 
(a)

 and dormancy 
(b)

 after 

treatments: H2SO4 (C1-C4), temperature (D1-D4), GA3 

(E1-E4), and KNO3 (F1-F4) 

 
Treatments C, D, E, F  Cultivar of  L. multiflorum  

Aubade Draga K-13 72 
(a)C0 70±1.12d 78±1.10d 67±1.03c 85 

H2SO410’ 87±1.11b 88±1.12a 81±1.00b 90 

H2SO430’ 92±1.08a 88±0.90a 91±0.99a 82 
H2SO460’ 81±1.06c 84±1.11b 81±1.07b 80 

H2SO490’ 79±1.12c 83±1.05b 79±1.12b - 

 82 84 80 13 
(b)C0 13±1.12a 13±1.12a 14±1.10a 6 

H2SO410’ 5±1.11b 7±1.07b 7±1.05b 2 
H2SO430’ 1±1.00c 2±1.03c 2±0.97c 0 

H2SO460’ 0±0.00c 0±0.00c 1±1.01c 0 

H2SO490’ 0±0.00c 0±0.00c 0±0.00c - 

 4 4 5 72 
(a)D0 72±1.12d 78±1.10d 67±1.03d 96 

Temp. 80oC 10’ 97±1.00a 96±0.99a 96±1.12a 97 
Temp. 80oC 30’ 98±1.01a 97±0.95a 97±0.95a 93 

Temp. 80oC 60’ 93±1.03b 93±1.07b 93±1.07b 92 

Temp. 80oC 90’ 90±1.10c 89±1.04c 98±1.03a - 

 90 91 88 13 
(b)D0 13±1.12a 13±1.12a 14±1.10a 3 
Temp. 80oC 10’ 2±1.10b 3±1.03b 4±1.12b 2 

Temp. 80oC 30’ 1±1.01c 2±1.11b 3±0.94b 0 

Temp. 80oC 60’ 0±0.00d 0±0.00d 0±0.00d 0 
Temp. 80oC 90’ 0±0.00d 0±0.00d 0±0.00d - 

 3 4 4 72 
(a)E0 70±1.12d 78±1.10d 67±1.03c 91 

GA3250 mg l-1 91±1.10b 92±1.12b 90±1.08c 93 

GA3 500 mg l-1 93±1.03b 92±1.07b 94±1.12b 97 
GA3 1000 mg l-1 97±1.05a 97±1.10a 97±1.00a 92 

GA3 1500 mg l-1 91±0.98b 93±1.01b 91±0.97c - 

 89 90 88 13 
(b) E0 13±1.12a 13±1.12a 14±1.10a 3 

GA3250 mg l-1 3±1.04b 2±1.09b 4±1.12b 1 

GA3 500 mg l-1 1±0.96c 1±1.11c 1±1.02c 0 
GA3 1000 mg l-1 0±0.00d 0±0.00d 0±0.00d 0 

GA3 1500 mg l-1 0±0.00d 0±0.00d 0±0.00d - 

 3 3 4 72 
(a) F0 70±1.12d 78±1.10d 67±1.03c 93 

KNO3 0.1% 94±1.10a 93±1.12a 92±1.12a 93 
KNO3 0.2% 94±1.00a 93±1.08a 92±1.00a 92 

KNO3 0.35% 91±1.01b 92±0.93a 93±1.05a 94 

KNO3 0.5% 96±0.99a 92±1.07a 94±1.09a - 

 89 90 88 13 
(b) F0 13±1.12a 13±1.12a 14±1.10a 2 

KNO3 0.1% 3±1.07b 2±1.03b 2±1.12b 2 
KNO3 0.2% 2±0.96bc 2±0.92b 2±1.07b 1 

KNO3 0.35% 1±1.05cd 1±1.05c 2±0.91b 1 

KNO3 0.5% 0±0.00d 0±0.00d 2±1.04b - 

 4 4 4  

Tukey's test, p≤ 0.05, ± standard error of mean, was applied to assess the 

significance by column, separately for C, D, E and F 
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Discussion 
 

Red clover and Italian ryegrass are very important high-

quality forage crops in south-eastern and central Europe. 

Growing of forage legumes and grasses in a mixture offers 

many agronomic advantages compared to single crops 

(Simić et al., 2011). When a crop mixture is considered, it is 

extremely important to achieve the projected legume-to-

grass ratio, whereby seed quality and vigour are of 

overriding significance. However, germination and viability 

of forage legume and grass seeds are poorer during the 

period of post-harvest maturity (Stanisavljević et al., 2011; 

Tiryaki and Topu, 2014). Still, regardless of these 

circumstances, seed suppliers operate on economic 

principles of making profit, ensuring a quick turnover of 

capital, avoiding storage of seed, and cutting costs, thus, it is 

in their interest to sell the seed as soon as possible. 

A higher germination rate is in the interests of farmers 

because it leads to a lower seed rate and more economical 

crop establishment, while maintaining the projected 

number of plants. The cause of forage legume seed 

dormancy is a seed coat impervious to water and gasses, 

Table 4: Vigour (shoot cm 
(a)

, root cm 
(b)

) after treatments: H2SO4 (C1-C4), temperature (D1-D4), GA3 (E1-E4), and KNO3 

(F1-F4) 

 
Treatments C, D, E, F  Cultivar of T. pratense 

 Sana Petnica Una Nike K-39 K-17 
(a)C0 2.8±0.07c 3.5±1.23c 3.8±0.56b 3.7±1.12b 4.0±0.69b 3.6±0.75b 3.5 
H2SO410’ 5.2±1.20a 4.7±1.16ab 5.6±1.11a 4.3±0.87a 5.4±1.01a 3.7±0.98b 4.8 

H2SO430’ 4.6±1.17b 5.1±1.20a 4.6±1.12b 4.4±0.99a 5.0±0.89a 4.6±0.57a 4.7 

H2SO460’ 4.7±0.23b 4.6±0.92b 4.3±0.67b 4.6±1.00a 4.9±1.10a 4.1±1.04ab 4.5 
H2SO490’ 4.50.16.b 4.7±0.35ab 4.1±1.18b 3.3±0.42b 2.5±0.09c 3.8±1.19b 3.8 

 4.4 4.5 4.5 4.1 4.4 4 - 
(b)C0 0.9±1.23b 1.1±1.12c 2.0±1.18b 1.4±0.07c 1.6±1.20c 1.4±1.19c 1.4 
H2SO410’ 2.7±1.09a 2.7±0.92a 3.1±1.00a 2.7±1.10a 3.3±0.98a 3.0±0.84a 2.9 

H2SO430’ 2.8±0.74a 1.8±0.09bc 2.7±0.63a 1.7±0.09bc 2.8±1.01ab 2.5±1.15ab 2.4 

H2SO460’ 2.6±0.17a 2.5±0.99ab 2.7±1.02a 2.0±1.03b 2.3±1.09b 2.2±1.09b 2.4 
H2SO490’ 1.5±1.19b 1.5±1.20c 2.0±0.92b 1.7±0.90bc 1.0±1.16d 1.4±1.12c 1.5 

 2.1 1.9 2.5 1.9 2.2 2.1 - 
(a)D0 2.8±0.07c 3.5±1.23c 3.8±0.56b 3.7±1.12b 4.0±0.69b 3.6±0.75b 3.5 

Temp. 80oC 10’ 4.1±1.12a 4.4±1.10a 4.0±0.98ab 3.6±1.02b 4.7±1.12a 4.2±1.12bc 4.2 

Temp. 80oC 30’ 3.8±0.63b 4.5±1.19a 4.4±1.00a 4.5±1.19a 4.7±1.21a 5.0±1.19a 4.5 
Temp. 80oC 60’ 3.7±1.10b 3.9±1.09ab 3.7±0.83b 3.7±1.23b 4.5±0.90ab 4.5±0.82b 4.0 

Temp. 80oC 90’ 3.2±1.19c 4.0±1.12ab 3.6±1.12b 3.7±0.07b 5.0±1.01a 4.8±1.18ab 4.1 

 3.5 4.1 3.9 3.8 4.6 4.4  
(b)D0 0.9±1.23b 1.1±0.09c 2.0±1.18b 1.4±0.07c 1.6±1.20c 1.4±1.19c 1.4 

Temp. 80oC 10’ 1.4±1.12ab 1.5±1.10ab 1.8±1.19ab 1.4±1.12a 1.2±1.08b 1.2±1.12c 1.4 

Temp. 80oC 30’ 1.5±1.19a 1.8±1.09a 1.8±0.65ab 1.4±1.23a 1.5±1.12ab 1.7±1.21b 1.6 
Temp. 80oC 60’ 1.2±1.13ab 1.5±1.15ab 2.0±1.09a 1.4±1.09a 1.6±1.10ab 1.4±0.87bc 1.5 

Temp. 80oC 90’ 1.4±0.99ab 1.4±0.85ab 1.4±1.00c 1.2±1.12a 1.7±1.03a 1.9±1.64a 1.5 

 1.3 1.5 1.7 1.3 1.4 1.6  
(a)E0 2.8±0.07c 3.5±1.23c 3.8±0.56b 3.7±1.12b 4.0±0.69b 3.6±0.75b 3.5 

GA3250 mg l-1 4.1±1.12a 3.4±1.17ab 3.4±1.12c 3.9±1.21a 4.2±1.12ab 3.7±1.12b 4.0 
GA3 500 mg l-1 3.7±1.20ab 3.9±1.12b 4.5±1.17a 3.9±1.19a 4.8±1.21a 4.9±1.21a 4.3 

GA3 1000 mg l-1 3.9±1.16ab 4.1±1.00a 4.0±0.98b 3.8±1.13a 4.4±1.19ab 3.7±1.10b 4.0 

GA3 1500 mg l-1 3.3±1.12b 3.0±1.07c 3.3±1.12c 2.8±1.12b 3.0±0.87c 2.9±1.12c 3.1 

 3.6 3.6 3.8 3.6 4.1 3.8  
(b) E0 0.9±1.23b 1.1±0.09c 1.3±1.18b 1.4±0.07c 1.6±1.20c 1.4±1.19c 1.3 
GA3250 mg l-1 1.4±1.12b 1.1±1.21b 0.8±1.12c 1.3±1.12b 1.6±1.18a 1.3±1.23b 1.3 

GA3 500 mg l-1 1.1±1.00b 1.8±1.02a 1.6±1.20ab 1.9±1.23a 1.5±10.89ab 1.7±0.07a 1.6 

GA3 1000 mg l-1 1.3±1.21b 1.4±0.95ab 2.0±0.89a 1.2±1.19b 1.4±0.95b 1.4±0.35b 1.5 
GA3 1500 mg l-1 1.1±1.03b 1.2±1.12b 1.3±1.13b 0.9±0.09c 1.0±1.12c 0.7±0.84c 1.2 

 1.2 1.3 1.4 1.3 1.4 1.3  
(a) F0 2.8±0.07c 3.5±1.23c 3.8±0.56b 3.7±1.12b 4.0±0.69b 3.6±0.75b 3.5 
KNO3 0.1% 3.6±1.12a 3.6±1.08a 4.0±1.12bc 3.7±1.23ab 4.2±1.12b 5.4±1.12a 4.1 

KNO3 0.2% 3.0±1.22b 3.7±1.00a 4.3±1.22a 3.9±1.09ab 5.2±1.20a 5.0±1.17a 4.2 

KNO3 0.35% 2.9±1.15b 3.3±0.86ab 4.1±1.11b 4.1±1.01a 4.0±1.18b 3.1±0.73b 3.6 
KNO3 0.5% 2.9±0.96b 3.5±0.55a 2.9±1.00d 3.5±0.99b 3.0±1.13c 3.0±1.19b 3.1 

 3.0 3.4 3.8 3.8 4.1 4  
(b) F0 0.9±1.23b 1.1±0.09c 2.0±1.18b 1.4±0.07c 1.6±1.20c 1.4±1.19c 1.4 

KNO3 0.1% 1.6±1.12a 1.5±1.21a 2.0±1.05ab 1.8±1.12c 1.6±1.17c 1.9±1.12a 1.7 

KNO3 0.2% 1.5±1.19a 1.5±1.12a 1.8±1.12ab 1.5±1.17d 1.8±1.12b 1.9±1.23a 1.7 
KNO3 0.35% 1.5±0.98a 1.3±0.92a 2.4±1.21a 2.0±0.89b 2.0±1.03a 1.5±0.67b 1.8 

KNO3 0.5% 1.7±1.01a 1.4±0.85a 2.0±1.00ab 3.0±0.91a 1.3±1.00d 1.0±0.09c 1.7 

 1.4 1.4 2.3 1.9 1.5 1.5  

Tukey's test, p≤ 0.05, ± standard error of mean, was applied to assess the significance by column, separately for C, D, E and F 
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and of grass seed dormancy the embryo or the 

substances that surround it (Adkins et al., 2002; Kimura 

and Islam, 2012). As the proportion of dormant seed 

increases, the germination rate decreases; this is 

strongly affected by genetic predisposition and 

environmental conditions during the time of soakage 

and maturing of forage legume and grass seeds (Adkins et 

al., 2002; Asci et al., 2011; Stanisavljević et al., 2015). 

Other researchers have reported conflicting findings after 

studying H2SO4, temperature, GA3 and KNO3 treatments of 

forage and/or ornamental grasses and legumes, and their 

effect on the enhancement of germination and vigour (Can 

et al., 2009; Qadir et al., 2011; Kimura and Islam, 2012; 

Stanisavljević et al., 2012; Tiryaki and Topu, 2014). The 

results of the present study, with regard to the optimal acid 

treatment of Italian ryegrass, are consistent with to Lolium 

perenne (Salehi and Khosh-Khui, 2005). Bhattarai et al. 

(2008) reported a much higher H2SO4 concentration in the 

case of Cenchrus ciliaris (100%, 4 min). Treatments with 

H2SO4 of different species of the genus Festuca appear to 

have different effects on germination: for example, 

germination of F. rubra can be improved by 19%, of F. 

ovina by 13%, and of F. pratensis by 22% (Stanisavljević et 

al., 2012). Seed treatment of the genus Trifolium with 95‒

97% H2SO4 resulted in germination rates from 90% T. 

lappaceum to 0% T. badium and T. spumosum (Can et al., 

2009). 

One of the most popular methods is temperature 

scarification of seed because it is simple, easy to implement, 

and environmentally safe. According to Stanisavljević et al. 

(2013) drying of meadow fescue (F. pratensis) seeds at 

temperatures of 40°C and 50°C resulted in maximum 

germination of seed harvested with 45% moisture after three 

months. After eight months the best germination of all seeds 

was obtained at 22°C and 40°C. Consistent with the results 

of the present study, Kimura and Islam (2012) reported an 

optimal temperature of 80
o
C for seed of the genus Trifolium. 

The treatment with GA3 was less effective than mechanical 

scarification (Uzun and Aydin, 2004). Conversely, GA3 

significantly improved germination of the grass species 

Leymus arenarius, but the effect decreased with seed ageing 

(Greipson, 2001). The same treatment of C. ciliaris 

improved germination by 44.8%, as well as vigour (Nagar 

and Meena, 2015). Treatments with KNO3 of grasses (buffel 

grass, dhaman grass, blue panic grass) improved 

germination by 22.1% (buffel grass), but had no such effect 

on blue panic grass. The germination improvement trend 

was consistent with seedling growth (Qadir et al., 2011). 

The results of the present study concerning the positive 

correlation between germination and vigour agree with 

Table 5: Vigour (shoot cm 
(a)

, root cm 
(b)

) after treatments: 

H2SO4 (C1-C4), temperature (D1-D4), GA3 (E1-E4), and 

KNO3 (F1-F4) 

 
Treatments C, D, E, F  Cultivar of L. multiflorum  

Aubade Draga K-13 72 
(a)C0 9.9±1.12a 7.2±0.12bc 6.7±1.23c 7.9 

H2SO410’ 9.8±0.10a 9.0±0.26a 9.8±1.09ab 9.5 
H2SO430’ 9.3±1.05a 7.3±1.08bc 10.4±0.95a 9.0 

H2SO460’ 9.3±0.63a 8.6±1.23ab 8.8±0.09b 8.9 

H2SO490’ 9.9±0.89a 7.5±1.02b 8.2±1.00bc 8.5 

 9.6 7.9 8.8 - 
(b)C0 6.5±1.21ab 3.8±1.12c 5.5±0.65c 5.3 

H2SO410’ 8.0±1.09a 4.6±0.78bc 7.5±1.18a 6.7 
H2SO430’ 5.6±0.87b 9.2±1.20a 6.1±0.87b 7.0 

H2SO460’ 7.7±1.22ab 5.1±0.91b 6.2±1.00b 6.3 

H2SO490’ 7.3±0.98ab 4.4±1.09bc 7.1±0.87ab 6.3 

 7.0 5.4 6.5 - 
(a)D0 9.9±1.12a 7.2±0.12bc 6.7±1.23c 7.9 
Temp. 80oC 10’ 13.6±1.10a 8.8±0.99a 11.8±1.12a 11.4 

Temp. 80oC 30’ 12.3±1.19ab 8.4±1.00ab 11.8±1.04a 10.8 

Temp. 80oC 60’ 12.5±1.21ab 8.4±1.01ab 11.7±0.95a 10.9 
Temp. 80oC 90’ 11.2±1.23b 7.3±1.09b 9.4±1.00b 9.3 

 11.9 8 10.3  
(b)D0 6.5±1.21ab 3.8±1.12c 5.5±0.65c 5.3 
Temp. 80oC 10’ 6.7±1.13bc 4.2±1.16ab 6.9±1.12a 5.9 

Temp. 80oC 30’ 9.3±1.02a 4.6±1.22ab 7.2±1.20a 7.0 

Temp. 80oC 60’ 7.5±0.98b 5.5±0.95a 7.0±0.89a 6.7 
Temp. 80oC 90’ 7.1±1.03b 4.3±1.00ab 7.2±0.08a 6.2 

 7.4 4.5 6.8  
(a)E0 9.9±1.12a 7.2±0.12bc 6.7±1.23c 7.9 

GA3250 mg l-1 16.7±1.10ab 13.2±1.12a 13.4±1.18a 14.4 

GA3 500 mg l-1 13.7±1.00b 10.7±0.96c 13.2±1.12a 12.5 
GA3 1000 mg l-1 17.7±1.21a 11.4±0.87b 16.3±0.85a 15.1 

GA3 1500 mg l-1 17.3±1.19a 13.6±1.23a 16.3±1.15a 15.7 

 15.1 11.2 13.2   
(b) E0 6.5±1.21ab 3.8±1.12c 5.5±0.65c 5.3 

GA3250 mg l-1 8.8±1.12a 5.2±1.15a 7.7±1.12ab 7.2 
GA3 500 mg l-1 8.9±1.18a 5.3±1.00a 6.8±1.23b 7.0 

GA3 1000 mg l-1 7.3±1.03ab 4.5±1.02ab 6.3±1.18bc 6.0 

GA3 1500 mg l-1 7.6±1.10ab 5.0±0.96a 7.9±0.99a 6.8 

 7.8 4.8 6.8   
(a) F0 9.9±1.12a 7.2±0.12bc 6.7±1.23c 7.9 

KNO3 0.1% 15.2±1.20ab 10.3±1.12ab 12.5±1.12a 12.7 
KNO3 0.2% 16.0±1.04a 10.0±1.23b 13.6±1.10a 13.2 

KNO3 0.35% 14.0±0.15ab 12.7±0.45a 13.9±1.09a 13.5 

KNO3 0.5% 13.0±0.33b 9.6±0.09bc 12.3±0.93a 11.6 

 13.6 10 11.8   
(b) F0 6.5±1.21ab 3.8±1.12c 5.5±0.65c 5.3 
KNO3 0.1% 8.2±1.12a 4.1±1.21b 5.5±1.12b 5.9 

KNO3 0.2% 7.2±1.02ab 4.2±1.18b 5.5±1.01b 5.6 

KNO3 0.35% 6.2±1.11b 5.5±0.94a 6.0±0.56a 5.9 
KNO3 0.5% 6.5±0.98b 3.7±0.33b 5.5±1.18b 5.2 

 6.9 4.3 5.6   

Tukey's test, p≤ 0.05, ± standard error of mean, was applied to 

assess the significance by column, separately for C, D, E and F 

Table 6: Coefficient of correlation (r) between germination 

(G) and vigour (shoot cm S, root cm R) 

 
Species Cv. Parameter S, cm R, cm 

T. pratense Sana G, % 0.933*** 0.748*** 
Petnica G, % 0.690*** 0.627** 

Una G, % 0.743*** 0.671** 

Nike G, % 0.887*** 0.404NS 
K-39 G, % 0.893*** 0.525* 

K-17 G, % 0.608** 0.698*** 

L. ultiflorum Aubade G, % 0.652** 0.361NS 
Draga G, % 0.604** 0.179 NS 

K-13 G, % 0.806*** 0.415 NS 

Statistical significance levels: *p ≤ 0.05, **p ≤ 0.01, ***p≤ 0.001, NS – 

not significant (p ≥ 0.05) 
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findings after testing of F. pratensis, F. arundinacea, F. 

rubra, Lolium multiflorum, Dactylis glomerata, Phleum 

pratense, Brassica napus (Stanisavljević et al., 2011, 2014; 

Zhang et al., 2013). 

 

Conclusion 

 

The results led to the conclusion that L. multiflorum and T. 

pratense respond differently to acid, temperature, GA3 and 

KNO3 treatments of seed. In general, the strongest response 

in terms of improved germination and vigour was noted 

after treatment of T. pratense with 50% H2SO4, and of L. 

multiflorum with gibberellic acid (1000 mg L
-1

) and 

temperature(80
o
C 30'). By selecting the optimal seed 

treatment of the considered cultivar, it is possible to improve 

germination, initial shoot and root growth. 

 

Acknowledgements 

 

The research was conducted under projects TR 31057 and 

TR 31018 of the Ministry of Education, Science and 

Technological Development of the Republic of Serbia. 

 

References 

 
Adkins, S.W., S.M. Bellairs and D.S. Loch, 2002. Seed dormancy 

mechanisms in warm season grass species. Euphytica, 126: 13‒20 

Asci, O.O., Z. Acar, I. Ayan, U. Basaran and H. Mut, 2011. Effect of 
pretreatments on seed germination rate of red clover (Trifolium 

pratense L.) populations. Afr. J. Agric. Res., 6: 3055‒3060 

Bhattarai, S.P., J. Fox and Y. Gyasi-Agyei, 2008. Enhancing buffel grass 

seed germination by acid treatment for rapid vegetation 

establishment on railway batters. J. Arid Environ., 72: 255‒262 

Can, E., N. Celiktas, R. Hatipoglu and S. Avci, 2009. Breaking seed 
dormancy of some annual Medicago and Trifolium species by 

different treatments. Turk. J. Field Crops, 14: 72‒78 

Galussi, A.A. and M.E. María, 2017. Anatomical and chemical insights into 
the white clover (Trifolium repens L.) seed coat associated to water 

permeability.In: Agricultural and Biological Sciences "Advances in 

Seed Biology", pp 188‒198. Jimenez-Lopez, J.C. (ed.). In Tech Open 
Publications, The Argentina 

Greipson, S., 2001. Effects of stratification and GA3 on seed germination of 

a sand stabilising grass Leymus arenarius used in reclamation. Seed 
Sci. Technol., 29: 1‒10 

ISTA, 2016. International Rules for Seed Testing, Bassersdorf,  Switzerland 

ISTA, 2008. Biochemical test for viability: the topographical tetrazolium 
test. In: International Rules for Seed Testing, pp: 1‒30. ISTA, 

Bassersdorf, Switzerland 

Jurmescu, I., L. Cojocariu, D. Lalescu, M. Horablaga, C. Bostan and F. 

Marian, 2012. Correlations between the main production characters in 

variety sprint of Lolium multiflorum. Res. J. Agric. Sci., 44: 197‒202 

Kimura, E. and A.M. Islam, 2012. Seed scarification methods and their use 
in forage legumes. Res. J. Seed Sci., 5: 38‒50 

Nagar, R.P. and S.S. Meena, 2015. Effect of pretreatments on seed 

dormancy and seedling vigour in Anjan grass (Cenchrus ciliaris). 
Range Manage. Agrofor., 36: 221‒224  

Petrović, M., Z. Dajić-Stevanović, D. Sokolović, J. Radović, J. Milenković 

and J. Marković, 2014. Study of red clover wild populations from the 
territory of Serbia for the purpose of pre-selection. Genetika, 46: 

471‒484 

Qadir, I., Z.H. Khan and I. Afzal, 2011. Evaluating the potential of seed 
priming techniques in improving germination and early seedling 

growth of various rangeland grasses. Pak. J. Bot., 43: 2797‒2800 

Salehi, H. and M. Khosh-Khui, 2005. Enhancing seed germination rate of 
four turfgrass genera by acid treatments. J. Agron. Crop Sci., 191: 

346‒350 

Simić, A., S. Vasiljević, S. Vučković, Z. Tomić, Z. Bjelić and V. Mandić, 
2011. Herbage yield and botanical composition of grass-legume 

mixture at different time of establishment. Biotechnol. Anim. Husb., 

27: 1253‒1260 
Snedecor, G.W. and G.W. Cochran, 1980. Statistical Methods, 7th edition. 

The Iowa State University Press, Ames, Iowa, USA 

Stanisavljević, R., S. Vučković, R. Štrbanović, D. Poštić, N. Trkulja, V. 
Radić and D. Dodig, 2015. Enhancement of seed germination in 

three grass species using chemical and temperature treatments. 

Range Manage. Agrofor., 36: 115‒121 
Stanisavljević, R., D. Đokić, J. Milenković, D. Terzić, V. Stevović, D. 

Tomić and D. Dodig, 2014. Drying of forage grass seed harvested at 

different times and its utility value in sowing periods. Zemdirbyste, 
101: 169‒176 

Stanisavljević, R., J. Milenković, D. Đokić, D. Terzić, M. Petrović, L. 

Đukanović and D. Dodig, 2013. Drying of meadow fescue seeds of 
different moisture contents: Changes in dormancy and germination. 

Plant Soil Environ., 59: 37‒43 
Stanisavljević, R.S., S.M. Vučković, A.S. Simić, J.P. Marković, Z.P. Lakić, 

D.V. Terzić and D.J. Đokić, 2012. Acid and temperature treatments 

result in increased germination of seeds of three fescue species. Not. 
Bot. Hortic. Agrobot., 40: 220‒226 

Stanisavljević, R., D. Ðokic, J. Milenkovic, L. Ðukanovic, V. Stevovic, A. 

Simic and D. Dodig, 2011. Seed germination and seedling vigour 
Italian ryegrass cocksfoot and timothy following harvest and storage. 

Cien. Agrotecnol., 35: 1141‒1148 

Tiryaki, I. and M. Topu, 2014. A novel method to overcome coat-imposed 

seed dormancy in Lupinus albus L. and Trifolium pratense L. J. Bot., 

2014: 1‒6. 

Tomić, D., V. Stevović, D. Đurović, M. Madić and R. Stanisavljević, 2015. 
Boron application in red clover (Trifolium pratense L.) seed 

production. Irish J. Agric. Food Res., 54: 59‒63 

Uzun, F. and I. Aydin, 2004. Improving germination rate of Medicago and 
Trifolium species. Asian J. Plant Sci., 3: 714‒717 

Van Assche, J.A., K.L.A. Debucquoy and W.A.F. Rommens, 2003. 

Seasonal cycles in the germination capacity of buried seeds of some 
Leguminosae (Fabaceae). New Phytol., 158: 315‒323 

Velijević, N., R. Štrbanović, P. Poštić, R. Stanisavljević and L. Đukanović, 

2017. Effects of coat colour on the seed quality and initial seedling 
growth of red clover cultivars (Trifolium pratense). J. Proc. Ener. 

Agric., 21: 174‒177 

Zhang, J., Y. Cui, L. Zhang, Y. Wang, J. Li, G. Yan and L. Hu, 2013. Seed 
coat color determines seed germination, seedling growth and seed 

composition of canola (Brassica napus). Int. J. Agric. Biol., 15: 535‒

540 
Zimmermann, L.R., A.A. Galussi, A.H.M. Martinelli, A.P. Fernández, A.H. 

García, J.R. Pitter, A.R. Zecchin and D.I. Dechanzi, 1998. Hard seed 

viability in Medicago sativa L., Lotus corniculatus L., Trifolium 
repens L., T. pratense L. and Melilotus alba Med. Seed Sci. Technol., 

26: 271‒273 

 

(Received 31 May 2017; Accepted 14 February 2018) 

 

https://www.intechopen.com/books/subject/agricultural-and-biological-sciences
https://www.intechopen.com/books/advances-in-seed-biology
https://www.intechopen.com/books/advances-in-seed-biology
https://www.intechopen.com/books/editor/advances-in-seed-biology
http://scindeks.ceon.rs/Related.aspx?artaun=198528
http://scindeks.ceon.rs/Related.aspx?artaun=110062
http://scindeks.ceon.rs/Related.aspx?artaun=113679
http://scindeks.ceon.rs/Related.aspx?artaun=107878
http://scindeks.ceon.rs/Related.aspx?artaun=143445

