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Effects of water salinity on germination and early seedling
growth of untreated and pelleted sugar beet seeds

Salinity is a serious abiotic stress factor as it restricts growth
of many field crops, especially in the arid and semi-arid
areas of the world. In this study, the effects of salinity stress
on germination and early seedling growth of sugar beet
seeds of different cultivars and breeding lines under labo-
ratory conditions are investigated. Untreated and pelleted
seeds of two sugar beet cultivars and five breeding lines
were germinated at six salinity levels. The salinity levels
were defined by electrical conductivity (EC): distilled
water (~0 dS/m), and NaCl solutions of 2, 4, 6, 8, and 10
dS/m. In general, the results indicated that the salinity
levels did not affect final germination percentage, but
affected significantly emergence percentage, mean ger-
mination time and seedling fresh weight compared to
control (~0 dS/m). Seedling emergence percentage was
significantly reduced at salinity level 10 dS/m. Seedling
fresh weight was significantly enhanced by all salinity levels
compared to control. Mean germination time was delayed
significantly due to increasing salinity levels. Under field
growth condition, reduced emergence may affect the ability
of the plants to compete for space, water and nutrients with
weeds, or prolongs the time of vulnerability to pests and dis-
eases. Therefore, it is recommended that besides the overall
salinity resistance, seedling emergence under salt stress
should be considered in breeding programs.

(Beta vulgaris L.)

Einfluss von Salzstress auf Keimung und Keimpflanzenwachstum

von nacktem und unbehandeltem Zuckerriiben-Saatgut
(Beta vulgaris L.)

Key words: sugar beet, salt stress, germination,
emergence

Salinitat ist ein abiotischer Einflussfaktor, durch den ins-
besondere in ariden und semi-ariden Regionen das Wachs-
tum vieler landwirtschaftlicher Kulturen begrenzt wird.
Es wurde mit Hilfe von Keimtests untersucht, wie sich
unterschiedliche Salzkonzentrationen und Saatgutbei-
zung auf die Keimung von Zuckerriibensamen und das
Wachstum der Keimpflanzen auswirken. Die Sdmlinge von
zwei Zuckerriibensorten und fiinf verschiedenen Zuckerrii-
ben-Genotypen wurden in Keimrollen unter Laborbedin-
gungen angezogen. Es wurden NaCl-Losungen mit einer
elektrischen Leitfdhigkeit von 2, 4, 6, 8 und 10 dS/m herge-
stellt und an Saatgut mit und ohne Pelletierung getestet; als
Kontrolle diente destilliertes Wasser (~0 dS/m).

Auf die Keimung der Zuckerriibensamen hatte die Salz-
konzentration der Anzuchtlésungen zunéchst nur gerin-
gen Einfluss. Jedoch wurde die weitere Entwicklung der
Keimpflanzen durch hohere Salinitédt deutlich beeinflusst.
Das Keimlingswachstum wurde signifikant gehemmt,
das Frischmassegewicht der Sdmlinge jedoch gefor-
dert. Unter Feldbedingungen kann sich eine verzégerte
Jugendentwicklung negativ auf die Konkurrenzfihigkeit
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der Kulturpflanzen gegeniiber Beikrdutern um Raum,
Licht, Wasser und Néhrstoffe auswirken, oder die Zeiten
der Empfanglichkeit fiir Schidlinge und/oder Krank-
heiten verlangern. Es erscheint daher lohnend nicht nur
die Salztoleranz insgesamt, sondern auch deren Inter-
aktion mit der frithen Jugendentwicklung der Pflanzen in
Zuchtprogrammen zu beriicksichtigen.

Stichworter: Zuckerriibe, Salztoleranz, Jugendentwicklung

Especially in arid and semi arid regions, salinity in soil or
water is one of the major stress factors that can severely
limit crop productivity (SHANNON, 1998). Natural or
human induced processes are the basic cause for salinity.
Dissolved salts will accumulate in the soil water to an
extent that inhibits plant growth.

Secondary salt affected soils are those that have been
salinized by human caused factors, mainly because of
improper irrigation methods. Water of poor quality is
often used for irrigation resulting in increasing salt con-
tent in the upper soil unless the management of irrigation
system is such that salts are leached from the soil profile
(Yapav et al., 2011). The impact of salinity varies with
plant species, stage of growth, management practices,
soil types and soil fertility. Salts affect plants through
direct ion toxicity to plant tissues, reduced availability of
essential elements, effects on the osmosis, and through
inhibition of the soil water extraction by plant roots
(PopMORE, 2009). Salt tolerance in glycophytes is asso-
ciated with the ability to limit uptake and/or transport of
saline ions (mainly Na* and Cl from the roots to aerial
parts (GREENwAy and Munns, 1980)). Brapy and WEIL
(2002) grouped plant species into four salinity classes by
the EC: sensitive crops can tolerate salt levels between
0-4 dS/m, moderately tolerant crops 4-6 dS/m, tolerant
crops 6-8 dS/m, and highly tolerant crops 8-12 dS/m.

Seed pelleting may affect germination, field emergence
and the crop establishment of sugar beet (Beta vulgaris
L.). Because of its uniformity and high density pelleted
sugar beet seeds are advantageous for precision planting.
Seed enhancement technologies, i.e. priming, pelleting
and coating have been extensively used throughout the
last century to improve crop yield and to reduce losses
associated with pest infestation (BLUNK, et. al., 2017). The
degree of singleness can be controlled by seed pelleting
too. Fungicides and fertilizers are also incorporated in
some types of pellets.

Sugar beet is a crop cultivated for production of sugar
and energy (bio-ethanol). It can be grown on a wide
range of soils and in different climates and provides
about 16% of the world's sugar production. The world
production in the year 2016 was about 277 million tons
of sugar beets from 4.6 million ha (FAOSTAT, 2018).

Prerequisite for the establishment of highly productive
sugar beet crop stands is high and uniform field emer-
gence. Seed germination is the most critical stage, fol-

lowed by the early development of the seedling up to the
complete field emergence. Many studies evaluated the
rate of growth and yield of many crops under increasing
salinity levels and concluded that salinity retards plant
growth and reduces yield (Kuavawm et. al., 2014, MosTa
et. al., 2012, and AL-YAHYAI et. al., 2010).

Although sugar beet is one of the most salinity tolerant
crops, it is less tolerant during germination and emer-
gence (Karrka and HEMBREE, 2004). Under field growth
conditions reduced emergence may affect the ability of
the plants to compete for space, water and nutrients with
weeds (HANEkLAUS et al., 2018), or prolonge the time of
vulnerability to pests and diseases. The aim of this study
was to test the effects of water salinity levels on seed ger-
mination and emergence of untreated and pelleted seeds
of two sugar beet cultivars and five breeding lines.

The germination experiments were carried out in the
laboratory at Julius Kiithn-Institut, Federal Research
Centre for Cultivated Plants, in Braunschweig (Germany)
during 15/9/2014-31/10/2014.

The untreated and pelleted seed samples were provid-
ed by Strube Research, a seed producer from Soéllingen,
Germany. Two sugar beet cultivars ‘Ballade’ and ‘Lenard’
already attributed by their breeders for their potential
resistance against salinity and five breeding lines ST-SUD-
01/14, ST-SUD-04/14, ST-SUD-05/14, ST-SUD-06/14,
and ST-SUD-07/14 were tested. All pelleted seeds were
treated at Strube Research with a combination of Aati-
ram 65-Thiram, Tachigaren 70 WP, Hymexazol, and Gau-
cho 70 WP (Imidacloprid).

The salt solutions for moistening the seed rolls were
adjusted to EC levels of 2, 4, 6, 8, and 10 dS/m by using
NaCl. The electrical conductivity (EC, dS/m) for each
NaCl concentration was measured using a precision con-
ductivity meter (conductivity cell Tetra Con 96; WTW).
NaCl concentrations were plotted against measured EC
and a regression analysis was performed. The following
equation was used for the calculation:

NaCl (g/1) = (EC-0.365)/1.58 (1)

Distilled water with an EC (~0 dS/m) served as the
control treatment.

The treatments were arranged in a complete randomised
design with four replications.

Preparation of the germination rolls:

Twenty-one sugar beet seeds were placed at the same
distance in three rows on a paper towel (Fig. 1 A). Then
the paper towel was rolled. All rolls of one EC level were
put in separate dishes (Fig.1B) and moistened with
10 ml of the corresponding salt solution.

At mean room temperature between 22 and 23°C, the
dishes were stored in closed glass containers (desiccators
with ventilation valves, but without desiccants) to pre-
vent the loss of moisture by evaporation. Because of the
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Fig. 1.

large number of seed rolls and the limited space in the
desiccators, the experiment had to be carried out in two
batches, one after another, where germination and emer-
gence were tested. Each batch required 14 days to be
completed. Number of germinated seeds and proportion
of emergence were recorded at four different dates: 2, 4,
6, and 10 days after filling and moistening the germina-
tion rolls. According to Mavi et al. (2010), seeds were
classified as germinated when their radicles reached a
length of 2 mm. Emerged plants were classified when
they entered the principal growth stage, which starts
according to MEIER (2001) with the appearance of cotyle-
dons completely unfolded. At the end of each experimen-
tal unit, after 14 days, the seedling fresh weight of all
seedlings was determined (Fig. 2)

Percentage of germination was calculated using the
following formula:

GP (%) = SNG x 100/SNO (2)

Where:

GP is germination percentage, SNG is the number of
germinated seeds, and SNO is the number of viable seeds
(ScotT et al., 1984).

Mean germination time (MGT) was calculated using
the following formula cited by E1LLis and RoBERTs (1980):

MGT (d) = ZNXD/F 3

whereby:

N is the number of seeds newly germinated at time D,
D is the number of days since beginning of germination
test, and F is the final number of germinated seeds.

The emergence percentage was calculated as follow:

EMP (%) = EMS x 100/SNO @

Where by:

EMP is emergence percentage, EMS is the number of
emerged seedlings and SNO is the number of seeds planted
(MrtcHELL and VOGEL, 2012).
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Prepared rolled paper towels with placed pelleted sugar beet seeds (A), and rolled paper towels in a dish (B).

Fig. 2.
(here untreated seeds) at the end of the germination test.

Emerging sugar beet seedlings in an open rolled paper towel

The data were statistically analysed using GenStat soft-
ware.

Results and Discussion

The germination percentage was not affected significantly
by salinity levels, whereas the emergence percentage,
mean germination time and seedling fresh weight, were
significantly affected by salinity levels as well as by the
seed pelleting (Table 1).

Compared to control (~0 dS/m), seedling emergence
percentage was significantly reduced at salinity level 10
dS/m, but the seedling fresh weight was significantly
enhanced by all salinity levels (Table 1). JAFARZADEH and
ALIASGARAZAD (2007) reported that both, sugar beet ger-
mination and seedling root length, were enhanced by a
low salinity level (2 dS/m) in comparison with control
(~0dS/m).

The data in Table 1 showed that the fastest mean ger-
mination time (4.1 days) in control (0 dS/m) produced
the lowest seedling fresh weight (32.3 g/seedling). The
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Table 1. Mean germination percentage, emergence percentage, mean germination time and seedling fresh weight, of sugar
beet seeds as depending on water salinity (EC) and seed pelleting (means of all tested sugar beet cultivars and breeding lines)

Parameters Germination Emergence Mean germination time Seedlings fresh weight
[%] [%] [day] [mg/seedling]

Electrical conductivity

[dS/m]

0 97.9 86.8 4.1 32.3

2 97.1 89.1 4.2 41.5

4 97.3 86.8 4.6 43.2

6 96.7 84.2 4.8 40.4

8 96.5 81.1 5.0 37.6

10 96.1 76.1 5.2 35.8

SL ns *kk Kk Kk

SE 0.481 0.847 0.032 0.768

LSD 1.34 2.36 0.088 2.14

CV (%) 3.7 7.5 5.1 14.9

Seed treatment

Pelleted 96.4 73.5 4.8 34.5

Untreated 97.5 94.6 4.5 425

SL ** *k%k *kk *kk

SE 0.278 0.489 0.018 0.443

LSD 0.774 1.36 0.051 1.24

CV % 3.7 7.5 51 14.9

SL = significant level (**, *** significant at P levels of 0.01, and 0.001), ns = non- significant, SE = standard error, LSD = least sig-

nificant difference, CV% = coefficient of variation percentage

slowest mean germination time (5.2 days) due to salinity
was observed in the 10 dS/m treatment, which produced
lower seedling fresh weight (35.8 g/seedling). This is in
accordance with Jami. and RHa (2004), who reported
that the required time for germination increased with
high levels of salinity. The results in Table 1 show that
seed pelleting reduced emergence percentage and seed-
ling fresh weight significantly by 22% and 19%, respec-
tively, but for the germination percentage, the reduction
was not remarkable. Karrka and HEMBREE (2004) reported
that encrusted or film coated seeds emerged significantly
slower than untreated seeds. The reason for this could
be additional salt stress from the pelleting materials or
the pelleting acted as a mechanical obstruction for the
seedlings very early first attempts and struggeling for
growing up.

The investigated parameters, which include germina-
tion percentage, emergence percentage, mean germina-
tion time and seedling fresh weight of different sugar
beet cultivars and breeding lines are presented in
Table 2.

All tested sugar beet cultivars and breeding lines were
characterised by high germination percentages, rang-
ing between 90% and 99%. The two cultivars ‘Ballade’

and ‘Lenard’ as reference varieties were not significantly
different from each other in emergence percentage and
seedling fresh weight, but ‘Lenard’ had a significantly
lower mean germination time than ‘Ballade’. The breed-
ing line ST-SUD-07/14 showed high germination per-
centage (97%), high emergence percentage (92%), and
the highest seedling fresh weight (48 mg/seedling).
Moreover, this breeding line had a significantly shorter
mean germination time than the cultivar ‘Lenard’, but
compared with ‘Ballade’ the germination was slower. The
breeding line ST-SUD-06/14 showed the lowest germina-
tion percentage, emergence percentage, and seedling
fresh weight (Table 2). This indicates that there is still
potential for influencing germination time through selec-
tion between lines (see also Fig. 4).

The effects of salinity on germination percentage,
emergence percentage, mean germination time and seed-
ling fresh weight of sugar beet are presented in Fig. 3.
The germination percentage decreased linearly with
increasing salinity levels. The emergence percentage
showed a polynomial trend with increasing salinity levels.
The seedling fresh weight initially increased to a salinity
level of 4 dS/m, and then decreased significantly, as the
salinity level continues to rise up to EC 10 dS/m (polyno-
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Table 2. Means of germination percentage, emergence percentage, mean germination time and seedling fresh weight, of sugar
beet cultivars and breeding lines. Means of all EC levels and naked and pelleted seeds are shown

o
=.

Parameters Germination Emergence Mean germination time Seedlings fresh weight a,

[%] [%] [day] [mg/seedling] 3

Cultivars/breeding lines :_\‘T
3.

Ballade 96.6 93.2 4.4 43.8 -

ST-SUD-01/14 98.2 91.8 4.6 36.5

ST-SUD-04/14 98.8 95.0 4.6 38.7

Lenard 99.3 90.7 5.1 427

ST-SUD-05/14 97.9 71.9 4.1 34.8

ST-SUD-06/14 90.5 53.0 4.9 24.6

ST-SUD-07/14 97.2 92.4 4.8 48.2

SL *kk *kk *k*k *k*k

SE 0.520 0.915 0.034 0.830

LSD 145 2.55 0.095 231

CV % 3.7 7.5 51 14.9

SL = significant level (*** significant at P levels of 0.001), SE = standard error, LSD = least significant difference, CV% = coefficient
of variation percentage
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mial trend). The result is in agreement with JamiL et al.
(2006), who reported significantly reduced shoot and
root fresh weights in four vegetable species including
sugar beet at salinity levels (NaCl) from 4.7 to 14.1 dS/m.

MosTaFavi (2012) reported on sugar beet and salinity
stress and found that all measured traits declined with
increasing salinity levels. A linear relationship between
the mean germination time and water salinity is shown in
Fig. 3 C. The mean germination time increased with
increasing salinity levels (R2 =0.99). The longest mean
germination time (5.2 days) was detected in high salinity
levels of 10 dS/m (Table 1, Fig. 3 D). It could be con-
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cluded that sugar beet react to salt stress in general with
delayed germination.

The effects of salinity on sugar beet cultivars and
breeding lines are illustrated in Fig. 4 for germination
percentage (A), emergence percentage (B), mean germi-
nation time (C), and seedling fresh weight (D). A signifi-
cant effect (p <0.001) between salinity and sugar beet
cultivars/breeding lines was found only for emergence
percentage and mean germination time. The data indi-
cated that different cultivars and breeding lines
respond differently to salinity under laboratory condi-
tions.
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As observed in Fig. 4 A, B, and D, the germination per-
centage, emergence percentage and seedling fresh
weight of different sugar beet cultivars and breeding
lines were slightly decreasing with increasing salinity lev-
els, which could be an indication of salt tolerance.

The results reveal that new breeding lines have the
potential for improving germination time compared to
established cultivars.

The breeding lines ST-SUD-05/14 and ST-SUD-06/14
had a low emergence of 72% and 60% at 0 dS/m, respec-
tively. This could be an indication of low seed quality of
these breeding lines, compared to others having a very
high emergence percentage ranging from 92% to 99%,
indicating high seed quality.

The breeding line ST-SUD-06/14 was inferior to both
the other four breeding lines and the two cultivars in ger-
mination percentage, emergence percentage, and seed-
ling fresh weight. The breeding line ST-SUD-07/14
showed the highest seedling fresh weights at all tested
salinity levels.

The cultivar ‘Ballade’ and the breeding line ST-SUD-
05/14 showed a significantly faster mean germination

time, while the cultivar ‘Lenard’ and the breeding line
ST-SUD-06/14 required more time for germination com-
pared to the others (Fig. 4 D).

In Fig. 5 A, the close relationship (R2 = 0.89) between
mean germination time and germination percentage is
shown for the six tested water salinity levels. Increasing
salinity levels decreased the germination percentage and
increased the mean germination time. In the control
treatment, the shortest mean germination time (4.1
days) was observed paired with the highest germination
percentage (97.9%). Under high salinity stress (EC 10
dS/m), the mean germination time of 5.2 days was the
longest, coupled with the lowest germination percentage
of 96.1%. Furthermore, there was a reciprocal effect
between mean germination time and emergence percent-
age calculated from the data of the six water salinity
levels (Fig. 5 B, R2=0.79). This is a typical response of
plants to salt stress mainly caused by reduced physiolog-
ical availability of water or limited nutrient acquisition
through antagonistic effects on uptake (e.g. Na* vs K¥).
However, this indicates also that there is still potential for
influencing germination time through selection between
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lines (see also Fig.4). The increasing salinity level
decreased the emergence percentage and increased the
mean germination time. The mean germination time
decreased with increasing emergence percentage. Although
the germination time was comparable to that of the con-
trol treatment, most seedlings were counted at the lowest
salinity level (2 dS/m). The strongest salinity stress
resulted in a significantly decreased emergence percent-
age of 76%.

Figure 6 presents the interrelationship between mean
germination time and seedling fresh weight (mg/seed-
ling) under unfavourable conditions of stressful salinity
ranging between 4.5 and 5.2 dS/m. Both parameters were
high correlated with R2=0.99. The fast germinating
(within 4.5 days) sugar beet seeds produced higher seed-
ling fresh weights (averaged 43 mg/seedling) below a
water salinity of 4 dS/m. Salinity stress caused prolonged
germination time (maximum 5.2 days) resulting in a lower
seedling fresh weights (Fig. 6). In their experiments with
pepper DEMIR et al. (2008) observed also that slow germi-
nating seed lots (high mean germination time) needed
a longer time to emerge and produced smaller seedlings.

A positive relationship was observed between the
emergence percentage and seedling fresh weights for the
two sugar beet cultivars and five breeding lines as indi-
cated in Fig. 7 and Table 2. The breeding line ST-SUD-
06/14 that had the lowest emergence percentage (53.0%)
produced the lowest seedling fresh weight (24.6 mg/
seedling), whereas the group of the others (‘Ballade’,
‘Lenard’, ST-SUD-01/14, ST-SUD-04/14, and ST-SUD
07/14) had higher emergence percentages (90.7%-—
95.0%) and produced higher seedling fresh weights
(36.5-48.2 mg/seedling).

The findings indicate that the emergence percentage of
sugar beet seeds determined by means of germination
tests could be a suitable indication to assess the primary
seedling growth.

The effects of salinity and seed treatment on different
parameters of sugar beet seeds are shown in Fig. 8 A, B,
C,and D.

The data in Fig. 8 show that there are no interactions
between pelleted and untreated seeds in terms of reac-
tion to salinity. Both show a linear reaction to salinity,
just on different levels with the pelleted seeds reacting
stronger. In contrast, the relation between seedling
emergence and seedling fresh weight revealed to follow
a polynomial trend (Fig. 8 B and D). As observed from
the results, germination percentage and emergence
percentage of untreated seeds were nearly unaffected
by raising salinity because their correlation coefficients
were R2=0.189 and R2= 0.001, respectively (Fig. 8 A
and B). In contrast, the germination percentage and
emergence percentage of pelleted seeds decreased with
increasing salinity (Fig. 8 A and B). It turned out that
the untreated seeds were superior to the pelleted seeds
in terms of germination percentage, emergence per-
centage, and seedling fresh weight under the stressful
salinity conditions in the laboratory experiment (Fig. 8
A, B, and D). As said before, the reason for this could be
additional salt stress from the pelleting materials or that
the pelleting acted as a mechanical obstruction for the
seedlings very early first attempts and struggling for
growth.

Figure 9 shows the effect of the seed treatments on the
different germination parameters specified for the indi-
vidual sugar beet cultivars and breeding lines tested in
the experiment. Independent of cultivar and breeding
line, seed pelleting generally reduced germination per-
centage, emergence percentage, and seedling fresh weight.

Especially, breeding line ST-SUD-06/14 was signifi-
cantly (p < 0.001) affected by seed pelleting. The highest
reduction in emergence percentage and seedling fresh
weight by seed pelleting was recorded with breeding line
ST-SUD-06/14 in comparison with the others. The short-
est mean germination time was observed for breeding
line ST-SUD-05/14, while the cultivar ‘Lenard’ needs the
longest mean time to germinate. These results show that
there is still enough genetic variability in sugar beet avail-
able to direct breeding programs towards altered germi-
nation times.
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fresh weight of sugar beet cultivars/breeding lines tested at four sa-
linity stress levels (EC 4-10 dS/m).
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percentage of seven sugar beet cultivars/breeding lines, tested at six
levels of salinity (EC 0-10 dS/m).
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Conclusions

Considering that under field conditions the time for a
seedling to emerge is a significant parameter in its com-
petition with weeds for growth resources, such as space,
light, water and nutrients and for shortening vulnerable
times against pests and diseases, emergence time could

Fig. 8. Effects of different
water salinity levels (EC dS/m)
and seed treatment on: (A) ger-
mination percentage, (B) emer-
gence percentage, (C) mean ger-
mination time, and (D) seedling
fresh weight of sugar beet culti-
vars/breeding lines.

Fig.9.  Comparison of untreat-
ed and pelleted seeds of different
sugar beet cultivars/ breeding
lines regarding (A) germination
percentage, (B) emergence per-
centage, (C) mean germination
time, and (D) seedling fresh
weight, averaged over all salinity
levels.

be an interesting selection criterion in breeding pro-
grammes of sugar beet. The results presented here

reveal that even under salinity stress conditions, at least
among the lines and varieties investigated in this study,
enough genetic variability seems to be available for
directing the selection of varieties with faster emer-
gence improving their competitiveness and resistance.
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