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Abstract
The aim of the present study was to analyse the effect of foliar fertilisation of red clover (Trifolium
pratense L.) crops with cobalt, boron and phosphorus-potassium, which could significantly increased seed yield,
on seed quality after different periods of storage. The experiment involving four red clover cultivars and four
foliar treatments was laid out in a randomised block design with four replications and with a plot size of 5 m2.
Red clover cultivars ‘K-37’, ‘K-39’, ‘Una’ and ‘Viola’ were planted at a seeding rate of 18 kg ha-1. Foliar
fertilisation with cobalt, boron and phosphorus-potassium was carried out during intensive growth (at BBCH
34-36) in the second year of cultivation. After all storage periods, red clover cultivars differed in root length,
seedling mass and hard seededness under all foliar fertilisation treatments. In all storage periods, foliar
treatments did not affect germination, stem length, seedling mass and percentage of hard seed in any cultivar
(no significant cultivar/foliar treatment interaction). At 20 months of storage, there were no significant
differences between foliar treatments and the unfertilised control in any of the studied traits. Foliar nutrients
were applied prior to the emergence of generative organs; therefore, the absence of their positive effect on seed
development can be associated with their overall short-term effect. The relationship between seed quality and
the content of mineral nutrients in the seed after their foliar application at different stages of crop development
should be a topic for future research.
Keywords: foliar fertilisation; red clover; seed quality parameters

Introduction
Important indicators of legume seed quality are germination, hard seededness and seedling growth
parameters. Germination and seedling emergence are critical growth stages in plant development, which
determine crop density, growth rate and final yield (Desai et al., 1997). Seedling growth parameters are
important seed quality components which affect the success of crop establishment, growth and productivity of
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plants (Sawan et al., 2009). Dormancy is the inability of a viable seed to germinate immediately after harvest,
even under favourable conditions (Copeland and McDonald, 1995; Aydin and Uzun, 2001). Hard seededness
is a special type of dormancy found only in legumes, and in species of the genus Trifolium it is mainly the
consequence of seed coat impermeability to water (Desai et al., 1997; Ates, 2011). With aging, the seed loses
hard seededness (Asci et al., 2011). Depending on plant species, the release of hard seededness may take from a
few days to several years (Baskin and Baskin, 2004).
Outside their optimal range, abiotic and biotic factors can have a negative effect on seed germination
and seedling emergence, especially under stressful conditions e.g. acid soils, insufficiently cultivated top soil,
low temperatures, excess or lack of water, pathogenic soil microorganisms, seed damage by pests and chemicals
(Sawan et al., 2009). Proper mineral nutrition, in particular macro- and micronutrients necessary for the
formation of generative organs, seed setting and filling, may have a positive effect on yield and seed quality. In
Southeast Europe, red clover seed crops are commonly established on acid soils, where certain macro- and
micronutrients are less available to plants. As determined by Tomić et al. (2011; 2014; 2015), on such soils,
foliar fertilisation of red clover crops with cobalt, boron, phosphorus and potassium can positively affect seed
yield. Cobalt has an important role in a number of physiological processes (Mathur et al., 2006; Jayakumar et
al., 2007; Jayakumar and Jallel, 2009). In addition, cobalt is the central atom in the porphyrin structure of
cobalamin coenzyme and is essential for the nodulation and development of bacteroids (Collins and Kinsela,
2011). Given the low mobility of Co in the plant (Austenfeld, 1979) and its faster movement from
aboveground parts to the root rather than in the opposite direction (Danilova et al., 1970; Palit et al., 1994),
foliar treatment is assumed to lead to a more efficient and optimal status of cobalt in the root and in the nodules,
in comparison with soil application. Boron is actively involved in cell division, flowering, fruit ripening,
nitrogen and carbohydrate metabolism, plant resistance to diseases, and in many other reactions in which it
acts as a catalyst (Goldbach et al., 2001; Farooq et al., 2011). Accordingly, its deficiency causes a significant
decline in the seed yield of many plant species. High concentrations of aluminium ions in acidic soils limit
boron uptake (Matsumoto, 2000; Yau, 2000). Boron is relatively immobile in plants, and thus its availability is
essential at all stages of growth, especially during seed development (Waqar et al., 2012). The authors also
emphasise that research for improving crop yields must move beyond applications of B based on general
recommendations, and that deriving methods to predict site-specific deficiencies (e.g. soil or plant tests) are
essential since the potential for B toxicity is large and the difference between deficiency and toxicity is very
narrow.
Phosphorus and potassium are necessary for the growth of both vegetative and generative organs in
leguminous plants (Hégh-Jensen et al., 2001; Abbasi et al., 2016). Phosphorous is easily fixed by clay minerals
that are abundant in acidic soils, including various iron oxides and kaolinite, hence rendering it unavailable for
root uptake (Zheng, 2010).
In this research, it was assumed that foliar treatments with cobalt, boron, phosphorus and potassium on
an acidic soil would increase seed yield and seed quality of red clover cultivars differing in total biomass
production. Their effect on seed yield was analysed in earlier studies (Tomić et al., 2011; 2014; 2015). The
objective of this study was to evaluate major quality characteristics, i.e. germination, seedling growth parameters
and hard seededness of the seed obtained from foliar-fertilised red clover crops, after various periods of storage.

Materials and Methods
Soil properties
A field experiment was established at a trial field of the Veterinary Extension Service in Čačak, Serbia
(43°54'39.06" N, 20°19'10.21" E, 246 m a.s.l.) in 2009-2011. The trial was established on a leached vertisol
acidic in reaction (pH H2O 4.8), which contained 3.2% organic matter. The soil was well supplied with
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phosphorus (22.1 mg 100 g-1) and potassium (30.0 mg 100 g-1 soil), had a moderate content of cobalt (27.2 mg
kg-1 soil), low levels of calcium (0.01% CaCO3) and boron (0.06 mg kg-1 soil), and a relatively high
concentration of aluminium ions (12.0 mg kg-1 soil). The preceding crop was natural meadow. In autumn, in
the year before sowing, 45 kg ha-1 N, 45 kg ha-1 P2O5 and 45 kg ha-1 K2O (NPK 15:15:15) were incorporated
into the soil through primary tillage.
Experimental design
The experiment, involving treatments as combinations of four red clover cultivars and four foliar
fertilisation variants (unfertilised, cobalt, boron and phosphorus-potassium), was laid out in a randomised
block design with four replications and with a plot size of 5 m2. Four red clover cultivars, differing in total
biomass production and leaf proportion, namely ‘K-17’, ‘K-39’ (Institute of Forage Crops, Kruševac, Serbia),
‘Una’ (Institute of Field and Vegetable Crops, Novi Sad, Serbia) and ‘Viola’ (a Polish cultivar) were planted in
two consecutive years (2009 and 2010, on 28 and 30 March, respectively) at a row spacing of 0.2 m and a
seeding rate of 18 kg ha-1. Foliar treatments included: unfertilised control; cobalt applied as Co(NO3)2 at a
concentration of 0.033g L-1 with a water rate of 1000 L ha-1 in two applications, one at the stage of intensive
growth, i.e. stage 34-36 of the BBCH scale (Meier, 2001) during the first cut and two applications during the
second cut in the second year of cultivation - the first at BBCH 34-36; active vegetative growth, and the second
at BBCH 51-55; just before flowering; boron (Boron-feed, Haifa, Israel) applied at a concentration of 0.1%,
with a water rate of 1000 L ha-1, at the stage of intensive growth during the second cut; and phosphorus
combined with potassium (P52K34, Haifa, Israel), applied at a concentration of 1% with a water rate of 1000 L
ha-1, at the same growth stage as boron. Boron and phosphorus fertilisers were applied at the manufacturer's
recommended concentrations, while the application rate of cobalt was used according to Vranný (1978).
Seeds were collected at full maturity (12% seed moisture content) in July 2010 and July 2011 in the
second year of cultivation. Harvested seeds were cleaned manually, placed into paper bags and stored at room
temperature (15-20 °C during summer, and 5-15 °C in winter) and at a relative humidity below 50%.
Measurements
Analyses were performed in three periods i.e. one, eight and twenty months after seed harvest. In
Southeast Europe, red clover seed is harvested mostly from the second cut, in late July and early August. In this
region, red clover sowing in autumn is performed from the end of August to late September, when the seed is
approximately one month old. Sowing in the spring of the following year begins after eight-month storage of
seeds from the previous year. Twelve months later (at the time of the following spring sowing), the seed is about
twenty months old. In these periods, four replicates of 100 seeds per treatment and field replication were
germinated on filter paper, according to the ISTA Rules (ISTA, 2011). Seeds were germinated at 20 °C in dark
germination cabinets. To overcome hardseededness, seeds were subjected to precooling at 3 °C for 7 days (Uzun
and Aydin, 2004). Final germination and hardseededness were determined 10 days later by identifying the
number of normally germinated seeds and number of hard seeds, respectively, and expressing them as
percentages. Measurement of seedling growth parameters (primary root length, shoot length and fresh seedling
biomass, i.e. root and shoot) was done after final germination. Seedling length was measured by a ruler and fresh
seedling biomass was determined using an analytical balance (Shimadzu, Japan). At the end, the sum of total
root length, total shoot length and total seedling mass per replication were calculated. Considering large
differences in germination percentage among seeds after one, eight and twenty months of storage, the values of
primary root length, shoot length and fresh seedling biomass for both years and treatments (Table 1) are
expressed as mean values per seedling.
Statistical analysis
The obtained results were subjected to a two-factor analysis of variance (cultivars and foliar fertilisation
as fixed effects) using SPSS (SPSS 1995). Given that there were no significant differences between years, as well
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as significant interactions between year and other factors, the analysis of variance was performed using average
values. To correct for normality, the statistical analysis was performed on √arcsine transformed values for final
germination and on √x+1 for hard seededness. Th e significance of differences between storage periods was
tested by t-test, and between cultivars and foliar fertilisation treatments by LSD test.

Results
Averaged across years, cultivars and foliar treatments, significantly higher seed germination, resulting
from the significantly lower number of hard seeds, was recorded in seeds after eight and twenty months of
storage, compared with seeds after one-month storage (Table 1).
After one month of storage, the proportion of hard seeds was 52.8% on average for all cultivars, this
being the main reason for the very low germination percentage (24.8%).
After eight months’ storage, germination percentage was increased to 89.6% and the proportion of hard
seeds was reduced to 1.6%. After eight months, seedling growth parameters didn’t change at seeds that were
stored for one month (P>0.05) (Table 1). At the same time, the proportion of dead seeds and abnormal
seedlings was reduced by more than twice. Germination percentage and seedling growth parameters were not
significantly affected by the prolongation of the storage period, i.e. there were no differences between eightmonth and twenty-month storage periods. However, the proportion of hard seeds was reduced more than
twice, although the difference was not significant.
For each storage period, there were also differences among cultivars in germination percentage (except
for one-month storage), root length, stem length (only for one-month storage), seedling mass and the number
of hard seeds (Table 2). These differences among cultivars were consistent across foliar fertilisation treatments
(the absence of the cultivar/fertilisation interaction) in all storage periods.
Foliar fertilisation with cobalt in this experiment had no effect on germination percentage (Table 2),
regardless of storage period. Seeds from foliar cobalt treatment had a significantly greater seedling root length
compared to the unfertilised crop after one-month storage; eight-month-old seeds had significantly lower
values, whereas no significant differences were observed in seeds after twenty months of storage.
Foliar-applied boron did not affect germination percentage, regardless of the length of the storage period
(Table 2). Germination percentage was significantly higher after boron treatment than after cobalt treatment
in eight-month-old seeds and phosphorus-potassium treatment in seeds after twenty-month storage. Seedling
root length was significantly greater after foliar boron application than in the unfertilised control only after one
month of storage. Significantly greater seedling mass was observed following boron treatment compared to
cobalt treatment and the unfertilised control after eight months of storage and compared to phosphoruspotassium treatment after twenty months of storage.
Foliar fertilisation with phosphorus-potassium had no significant effect on germination percentage and
seedling growth parameters in any storage period (Table 2).
Positive correlations were observed among germination percentage, stem length, root length and
seedling mass, while, expectedly, the proportion of hard seeds was negatively correlated with all other
characteristics (Table 3).
Table 1. Mean values of germination percentage, stem length, fresh seedling mass and dormant seed of red
clover depending on storage period (average for years, cultivars and foliar treatments)
Dead
Storage
Germination
Stem length
Root length
Seedling mass
Hard seed
seed/abnormal
period
(%)
(mm)
(mm)
(mg)
(%)
seedling (%)
1 month

24.8±1.45 b

36.3±2.67 a

37.2±2.76 a

27.7±2.47 a

52.8±1.86 a

22.4±1.26 a

8 months

89.6±0.85 a

35.3±0.72 a

35.2±1.05 a

25.6±0.67 a

1.58±0.33 b

8.8±0.53 b
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20 months

88.4±0.96 a

38.7±1.27 a

35.7±1.29 a

25.9±0.45 a

0.67±0.18 b

10.9±0.57 b

Data represent mean ± s.d. Mean values in each storage period followed by the same letter are not significantly different
(P > 0.05).

Table 2. Mean values of seed quality traits of red clover cultivars (‘K-39’, ‘K-17’, ‘Una’, ‘Viola’) depending
on foliar fertilisation (unfertilised, cobalt – Co, boron – B, phosphorus-potassium - PK) in different storage
periods (n=48)
Cultivar/
Storage
Germination
Stem length
Root length
Seedling mass
Hard seed
Foliar
period
(%)
(cm)
(cm)
(g)
(%)
fertilisation
‘К-39’
28.8±3.66
58.5±8.63 a
53.8±10.16 a
0.441±0.06 a
49.2±5.08 b
‘К-17’
22.8±2.57
39.3±5.15 b
46.1±6.15 ab
0.321±0.04 b
52.5±3.88 ab
‘Una’
23.0±2.28
38.8±6.05 b
49.1±5.37 ab
0.314±0.03 b
57.2±2.01 a
‘Viola’
24.5±2.91
44.1±5.30 ab
36.5±4.22 b
0.298±0.04 b
52.3±3.33 ab
P1
ns
*
*
**
*
One
month
Unfertilised
23.2±2.61
45.6±8.63
34.2±2.28 b
0.326±0.04
54.3±3.72 ab
Co
27.0±2.54
49.9±5.70
54.5±6.35 a
0.362±0.04
51.5±3.19 ab
B
27.0±3.78
45.5±7.28
59.2±9.86 a
0.389±0.06
47.0±3.66 b
PK
22.0±2.52
39.5±4.87
37.7±4.26 b
0.299±0.03
58.3±3.91 a
P
ns
ns
***
ns
*
‘К-39’
92.83±1.64 а
157.4±5.51
173.4±7.71 а
1.258±0.05 а
1.33±0.62 аb
‘К-17’
88.17±1.88 b
161.5±3.87
146.0±7.25 b
1.157±0.08 a
0.33±0.22 b
‘Una’
90.17±1.78 ab
164.7±9.87
170.1±9.33 a
0.989±0.04 b
2.00±0.69 a
‘Viola’
87.17±1.14 b
149.7±4.61
142.1±10.60 b
1.184±0.06 a
2.67±0.79 a
P
*
ns
**
**
*
Eight
months
Unfertilised
89.67±1.67 ab
150.4±5.50
166.0±9.15 a
1.082±0.06 bc
1.17±0.57
Co
86.01±1.83 b
159.2±4.91
142.3±9.48 b
1.019±0.03 c
2.50±0.89
B
92.52±1.56 a
159.0±3.41
158.4±9.39 ab
1.285±0.08 a
1.00±0.46
PK
90.17±1.38 ab
164.8±10.0
164.8±9.39 ab
1.202±0.06 ab
1.67±0.59
P
*
ns
*
**
ns
‘К-39’
91.5±1.44 a
164.8±12.8
173.4±7.71 a
1.086±0.03 c
0.5±0.26 ab
‘К-17’
91.17±2.17 a
175.6±14.7
144.2±7.21 ab
1.191±0.04 b
0.17±0.17 b
‘Una’
87.83±1.45 ab
173.6±9.48
157.3±15.8 ab
1.284±0.05 a
0.67±0.28 ab
‘Viola’
83.17±1.69 b
180.6±8.42
142.1±10.6 b
1.021±0.04 c
1.33±0.57 a
P
**
ns
*
***
*
Twenty
months
Unfertilised
88.17±2.33 ab
163.5±9.16
151.6±15.45
1.12±0.03 ab
1.17±0.57
Co
89.83±1.66 a
189.3±13.9
142.4±9.48
1.174±0.04 ab
0.67±0.28
B
91.0±1.77 a
166.9±12.4
158.4±9.39
1.185±0.07 a
0.17±0.17
PK
84.67±1.56 b
174.9±9.22
164.8±9.39
1.103±0.04 b
0.67±0.28
P
*
ns
ns
*
ns
Data represent mean ± s.d. Mean values in each storage period for cultivars and foliar fertilisation treatments followed
by the same letter are not significantly different (P > 0.05). 1 P indicates the significance of the cultivar and foliar
fertilisation effects in the analysis of variance. ns – non-significant, * - P < 0.05, ** - P < 0.01, *** - P < 0.001

Table 3. Coefficients of correlation among germination rate, stem length, root length and seedling mass
(n = 144)
Stem length
Root length
Seedlings mass
Hard seed
Traits
(cm)
(cm)
(g)
(%)
Germination (%)
0.90*
0.87*
0.94*
-0.96*
Stem length (cm)
0.76*
0.85*
-0.88*
Root length (cm)
0.80*
-0.84*
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Seedling mass (g)

-0.90*

* Significant at P < 0.05

Discussion
Hard seededness is a common trait in species of the genera Medicago and Trifolium. Some ecotypes of
species belonging to these genera, immediately after harvest, may have hard seededness at a rate of up to 100%
(James et al., 1970; Crawford et al., 1989; Aydin and Uzun, 2001; Can et al., 2009). Colgecen et al. (2008)
found the germination percentage of 13.5% immediately after harvest in red clover seeds from natural
populations. The higher germination percentage in this research may be due to the agro-environmental
conditions of the experimental location, cultivar or, possibly, seed chilling before the germination test was
performed.
Smýkal et al. (2014) observed that, under natural conditions, in temperate-zone species, there are two
steps in breaking dormancy by low winter temperatures. During the first step, low winter temperatures make
seeds sensitive to alternating temperatures, and during the second step, these alternating regimes occurring in
early spring cause the sensitive seeds to become water-permeable. Seeds can only respond to alternating spring
temperatures if they become sensitive during the winter (Baskin and Baskin, 2014). Accordingly, the authors
pointed out that several artificial techniques are used to break physical dormancy in seeds, such as dry storage
i.e. low temperatures.
In the present experiment, during the winter, seeds were kept at low temperatures (from +5 to +15 ºC);
along with ageing, this chilling treatment reduced hard seededness. Consequently, in eight- and twenty-monthold seeds, there was an increase in germination percentage and seedling growth parameters, as well as a
significant reduction in the proportion of hard seeds, especially in twenty-month-old seeds. Balouch and
Modarres (2006) reported that the proportion of hard seeds in red clover decreased and, consequently,
germination percentage increased with ageing and also after chilling treatment.
Differences among cultivars in germination percentage, root length, seedling mass and the number of
hard seeds in any storage period can be attributed to the high genetic variability of red clover as a species (Steiner
et al., 1995; Helgadottir, 1996; Zielinska et al., 2012). Acharya et al. (1999) reported that the percentage of
hard seededness in alfalfa largely depends on cultivar. Also, when studying the influence of different pre-sowing
treatments on dormancy breakdown, germination and vigour of red clover seeds, Simić et al. (2018) observed
significant differences in the proportion of hard seeds among red clover cultivars.
In the future, as more emphasis is placed on seed quality, the need for the classification of cultivars based
on seed quality traits will increase (Zielinska et al., 2012).
As determined by Zeid (2001) and Jayakumar et al. (2007), cobalt content in soil up to 50 mg kg-1 was
progressively increased germination percentage, while higher concentrations negatively affected this trait. The
foliar application of cobalt in this experiment had different effects on seedling root length in seeds after
different periods of storage.
Germination percentage in all foliar fertilisation treatments did not significantly differ from the
unfertilised control. This result is in agreement with the findings of Stoltz and Wallenhammar (2013), who,
on a soil with a very low content of boron (<1 mg kg-1), found a smaller (although non-significant) proportion
of ungerminated red clover seeds under soil/foliar boron treatment compared to the control. The authors also
emphasised that higher boron concentrations in seeds increased the percentage of normal seedlings and reduced
the proportion of hard seeds. On the contrary, Ćwintal et al. (2010) on a soil with a very low content of boron
(1.1 mg kg-1) reported a positive effect of foliar boron fertilisation on the germination percentage and
germination energy of red clover seeds. Also, foliar boron application favoured the seed germination and
viability of alfalfa (Medicago sativa L.) seeds on the calcareous loam soil (Dordas, 2006). As indicated by Dos
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Santos et al. (2004), boron deficiency leads to necrosis of the meristematic tissue and reduces root system
growth in alfalfa. Numerous studies have confirmed the positive effect of boron, applied as a solution for seed
treatment, on the proportion of hard seeds, germination percentage and seedling growth parameters in many
plants (Rerkasem et al., 1997; Farooq et al., 2011; Mirshekari, 2012; Rehman et al., 2012). However, the use of
boron at high concentrations may exhibit a toxic effect (Bonilla et al., 2004; Farooq et al., 2011). In the present
research (except the second cobalt treatment), foliar treatments were applied at BBCH 34-36. The period from
this stage to the beginning of flowering (at BBCH 60-62) under given agro-environmental conditions,
depending on the sum of active temperatures, is 14–25 days. Overall, the positive effect of foliar-applied
mineral nutrients is time-limited, lasting generally up to 15 days (Brown and Shelp, 1997). The period from
fertilisation to physiological maturity (at BBCH 85) in red clover is 25 days on average (Angsumalee et al.,
2016). This may explain the absence of significant effect of foliar boron fertilisation on seed quality traits.
The positive effect of phosphorus and potassium, applied as a solution for seed treatment before
germination, on germination percentage and subsequent stages of plant development, as well as on total yield
in many plant species, has been shown in numerous reports (Kalita et al., 2002; Yang et al., 2004; Zeļonka et
al., 2005; Ali et al., 2008). In this study, foliar fertilisation with phosphorus-potassium could not have a
significant effect on germination percentage and seedling growth parameters in any storage period. As with
boron, the absence of the positive effect of these nutrients on seed quality can be associated with their earlier
application. The positive effect of foliar-applied cobalt, which was also supplied immediately before flowering,
on red clover seed yield has been reported by Tomić et al. (2014). However, the available literature provides no
data on the effect of cobalt on seed quality traits after its foliar application.

Conclusions
Seeds of all cultivars had low germination percentages after one month of storage, due to the high
proportion of hard seeds. In all foliar fertilisation treatments, red clover cultivars differed in hard seededness,
root length and seedling mass at all storage periods, but their differences were inconsistent. In any storage
period, foliar treatments did not affect germination, stem length, seedling mass and percentage of hard seed in
any cultivar (no significant cultivar/foliar treatment interaction). At 20 months of storage, there were no
significant differences between foliar treatments and the unfertilised control in any of the studied traits. Foliar
nutrients were applied prior to the emergence of generative organs; therefore, the absence of their positive effect
on seed development can be associated with their overall short-term effect. Further research should focus on
the relationship between seed quality and the content of macro- and micronutrients in the seed under different
crop nutrient management practices, especially their foliar application at different stages of plant growth.
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