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Seed Germination, Plant Establishment, and Yield of Sugar
Beet Genotypes under Salinity Stress
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ABSTRACT

It is well known that sugar beet is sensitive to salinity stress at the germination stage.
Three separate experiments were conducted to study the effects of salinity on seed
germination, plant establishment, and yield of sugar beet genotypes for screening
purposes. These included: (a) A laboratory study using four water salinity levels (with EC
values < 0.1 as the control, 16, 20, and 24 dS m™) with 20 sugar beet genotypes, which
were evaluated in a factorial completely randomized design with four replications, and
seedling characteristics were measured; (b) A greenhouse experiment where the same
statistical design as the lab study was used for seed germination and establishment of 19
sugar beet materials, with irrigation water EC= 3 and 16 dS m; and (c) A field
experiment that was carried out to study the response of nine selected genotypes to
irrigation waters with EC= 4 and EC= 16 dS m’, using a split plot design with three
replications. Interaction effects of salinity and genotypes were statistically significant (o=
0.01) for percentage of germination, abnormal seedling, and root and hypocotyls lengths.
Indeed, sugar beet germination decreased to 35% and dead seedlings increased to 80 %
under salinity stress (EC= 16 dS m™) in the greenhouse. Genotypes were ranked from
tolerant to susceptible. The results of field experiment were consistent with that obtained
in the greenhouse. It can be concluded that salt stress decreased seed germination and,
later on, crop establishment by increasing dead seedlings; consequently, sugar beet yield
decreased. It seems that establishment is more susceptible to salinity than germination.
Root length and abnormal seedling are good indexes for screening sugar beet genotypes
for salinity tolerance at the primary growth stages.
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2004a, b), calculated by Abrol ef al. (1988)
equation. The threshold level has not been a
constant value in different studies, but has

always depended on the environmental
conditions (Abrol et al, 1988). In other

INTRODUCTION

Sugar beet is one of the salt tolerant

industrial crops that is sensitive to salinity at
germination stage. The threshold of salt
damage to sugar beet crop differs in various
reports. Threshold of 50 percent damage
ranged between 15 (Doorenbaos and Kassam,
1979) to 20 dS m™ EC of saturated soil extract
(Mesbah et al., 1991; Ebrahimian and Ranji,

studies, the germination percentage decreased
in salinity with EC of 8 dS m™' (Jafarzadeh and
Aliasgharzadeh, 2007), whereas 12 dS m’
salinity shortened root length without affecting
seed germination significantly (Mohammadian
etal., 1995).
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Germination is affected by genetics as well
as environmental (place and time) and seed
processing (seed  treatment) factors
(Apostolides and Goulas, 1998). It has been
shown that sugar beet seed germination
percentage and plant establishment are mostly
controlled by genetic factors (Sadeghian and
Khodaii, 1998).

Root and hypocotyls lengths of sugar beet
(Sadat Noori and McNeilly, 2000), potential of
germination, and number of normal seedlings
(Habibi, 1993) and seed germination rate
(Mohammadian et al., 1995) were affected
negatively by high salt levels in various
laboratory experiments. Measurement of sugar
beet root length in laboratory and under high
osmotic pressure is suggested as a fast and
proper method for evaluating tolerant
genotypes to drought and salt stress (Habibi,
1993).

As the rate of root and hypocotyl emergence
are delayed with salt stress (AboKassem,
2007), the increase in salinity was reported to
decrease the hypocotyl length of sugar beet
seedlings more than their root length
(Shonjani, 2002).

Germination is one of the most important

Table 1. List of the sugar beet genotypes.

qualitative characteristics of sugar beet seed
and high standard laboratory test can be used
to assess correlation with establishment in the
farm (Sadeghian and Yavari, 2004).

The goal of this study was to evaluate sugar
beet genotypes for their germination and
establishment indices under salinity stress in
laboratory and greenhouse, in order to find the
most salt tolerant and sensitive ones based,
particularly, on their yields in the field.

MATERIALS AND METHODS

This research was conducted in three
separate experiments under laboratory, green
house, and field conditions as follows. In the
first experiment, seeds were washed in order
to remove germination inhibitors existing in
the seed coats according to Sadeghian and
Lexander (1993).

Laboratory Experiment

Seed germination of 20 sugar beet genotypes
(Table 1) was measured using the procedure of

No Line and population Genotype background
1 BP Mashhad Poly germ Population, Drought tolerant
2 BP Karaj Poly germ Population, Drought tolerant
3 7219 p. 69 Poly germ Progeny line, Drought tolerant
4 9572 p. 12 Poly germ Progeny line, Salt tolerant
5 B. maritima Poly germ Wild type
6 7112 Firuzkuh Mono germ Inbreed line, Salt sensitive
7 436 Mono germ Inbreed line, Rather salt sensitive
8 436 Bigerm Poly germ Population,, Rather salt tolerant
9 9671 p.11 Mono germ Progeny line, Salt Tolerant
10 Orbis Mono germ commercial variety, Salt tolerant
11 9597 p. 12 Mono germ Progeny line, Rather salt sensitive
12 428 OT Mono germ Inbreed line, Drought tolerant
13 8150 p.9 Mono germ Progeny line, Rather salt tolerant
14 7233 p.29 Poly germ Progeny line, Rather Salt Tolerant
15 7233 p.12 Poly germ Progeny line, Rather salt tolerant
16 261 OT Mono germ Inbreed line, Rather salt tolerant
17 452 Mono germ Inbreed line, Drought sensitive
18 7221 Poly germ Fodder type, Drought tolerant
19 191 Poly germ Pollinator, Drought sensitive
20 7233p.29xMSC2° Poly germ Hybrid, Salt tolerant

“This genotype was not used in the greenhouse experiment.
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International Seed Testing Association (ISTA,
1985).

Seeds of 20 sugar beet genotypes (Table 1)
with different background of drought and salinity
tolerance, received from Sugar Beet Seed
Research Institute (Iran), (Ebrahimian and Ranji,
2004a, b) were studied using distilled water
(EC< 0.1) (normal), and three salinity levels
including 16, 20, and 24 dS m” of NaCl in a
factorial experiment based on a completely
randomized design with four replications. 25
seeds in each replication were placed on 14.5 x
58 cm papers, which were then rolled and put in
3-liter pots. Germinated seeds (root length more
than 5 mm) and abnormal seedlings (ISTA,
1985) were counted three times (on the S‘h, IO‘h,
and 15" day) during 15 days. Hypocotyl and root
lengths (Jamil, et al., 2006; Habibi, 1993) were
also measured for five plants in each treatment.

Greenhouse Experiment

20 genotypes, except entry no. 20 (Table 1),
were compared in normal (EC= 3 dS m'l) and
NaCl salinity (EC= 16 dS m™") using a factorial
experiment in a completely randomized design
with three replications, in green house (200
pmol m? s PAR; 25°C/15 °C). Seeds were
planted in alluvial sands in 6 L pots with 24
holes (one plant in each hole). Normal
treatment was Hoagland nutrient solution, but
NaCL was directly added to it for salt
treatment from the second irrigation on, three
days after sowing. Pots were weekly irrigated
from the top and electrical conductivities of
drainage water and sand medium were
regularly controlled in order to apply the
expected salt treatment carefully. The
germinated seeds were measured, firstly, 14
days after sowing, and , later, four times
during the two growing months. Finally, the
percentage of germinated and dead plants were
calculated.

Field Experiment

was conducted as a split plot experiment
based on a completely randomized block
design with three replications during 2007
and 2008. Main plots were allocated to two
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water salinity levels with EC= 4 dS m’,
which was the normal water in the region,
and EC= 16 dS m". The sub plots were
planted to the nine genotypes that had been
selected from the laboratory and greenhouse
experiments based on germination properties
and establishment. The experiment was
performed at the Rudasht_salinity research
station located at 52° E, 32.5°N, 1,450 m
elevation, in Esfahan province, Iran. The
area has warm and dry weather with mean
annual temperature of 14.6 °C. Seeds were
planted at 50 cm row spacing and 20 cm
within rows, with a plant density of 100,000
p ha'. Electrical conductivity of the soil
saturation extract was about 8 dS m” (pH=
7.8, 0.C= 0.47%, Na=14 meq 1", available
P=18 ppm, K= 270 ppm) before planting.
Plants were irrigated by the ordinary water
(EC=4 dS m™') and saline water (EC= 12 dS
m'), which was applied after plant
establishment (6-8 leaf stages). Final soil
electrical conductivities at harvest time were
4 and 16 dS/m for the ordinary and salt
treatments, respectively.

At harvest, agronomical and beet quality
parameters such as root yield, shoot yield
(including leaf and petiole), sugar content
(Polarimetry), Na, and K (Flame
photometry) and alpha amino nitrogen (Blue
No.) were measured and molasses, sugar
yield, white sugar content and white sugar
yield were calculated based on the
Abdollahian et al. (2005). During the second
year of the experiment, only salinity stress
trial was carried out due to the global
drought stress in the region and the results
were presented separately.

Data were transformed using arcsines and
logarithmic  transformations. Since the
transformed data did not affect the results of
analysis of variance as well as the
experimental error, the raw (original) data
were considered for statistical analysis. The
square root transformation was used for
abnormal seedlings obtained in the
laboratory and the dead plants in the
greenhouse study. Adjusted germination
(germination percentage under each salinity
levelx100 /potential germination) was used



for standard germination percentage and
removed differences of seed potential
germination (Sadeghian and Yavari, 2004;
Shonjani, 2002; Sadat Noori and Mc Neilly,
2000). MSTATC, SPSS 10, and Excel
softwares were applied for statistical
analysis and producing charts. Means were
compared by Duncan multiple range test at
o= 0.05. Genotype clustering for
germination percentage and root and
hypocotyls lengths was done using Ward’s
method and dendogram graph was drawn.

RESULTS
Laboratory Experiment

Mean germination  percentage = was
significantly (a0 =0.01) affected by salinity
and was similar at EC= 16 and EC= 20 dS
m™' (Figure 1). Salt stress negatively affected
germination percentage of all genotypes
tested (Table 2). The mean of the lowest
germination (about 28 %) was observed in
genotypes 9671 p.11 and 452 (Table 2).
Genotypes 7219 p.69, 7233 p.12, Bp Karaj,
7112-Firuzkuh, and 7233 p.29xMSC2 with a
germination decrease of about five percent
under salt stress treatment were categorized
as salt tolerant genotypes at the germination
stage (Table 2).
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Figure 1. Comparison of sugar beet seed
germination percentage in salt stress treatments
and normal condition in laboratory (S,= 1.07,
a=0.05).
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In addition to the significant differences
between the main effects, interaction effects
of genotype and salinity levels were also
significant (o= 0.01) for the percentage of
abnormal seedlings, roots and hypocotyls
lengths (data are not shown): salinity
increased percentage of abnormal seedlings
and decreased root and hypocotyls lengths in
all of the tested genotypes. After slicing
interaction effect on each level of salt stress
for the traits (Radaee, 2009), it seemed that
genotypes 7219 p.69, 7233 p. 29 7233 p. 12,
and 7233 p.29xMSC2 were more tolerant
than the others (Table 2). Genotypes 7112
Firuzkuh, 261 OT, and 7221 were more
susceptible to salinity as evidenced by high
reduction in root and hypocotyls length and
higher percentage of abnormal seedlings
compared with the other genotypes (Table
2). Although some genotypes (7221)
germinated in higher salinity with only 14%
germination reduction (Table 2), their
seedlings were not normal and could not
develop to perfect plants.

Greenhouse Experiment

Another experiment was conducted in
greenhouse conditions to identify the
threshold of salinity tolerance and know the
proper electrical conductivity to differentiate
between sugar beet genotypes, in which EC=
16 dS m™" was selected as critical electrical
conductivity (Khayamim, 2010).

Results of greenhouse experiment
indicated that there were significant
differences  between  genotypes  for

germination and seedling mortality in sand
under salinity. Salinity (EC= 16 dS m™)
decreased germination up to 35% and
increased seedling mortality to 80% (Figure
2). It can be concluded that seeds with
higher germination in soil will produce more
healthy and strong seedlings under
greenhouse condition (22°C/16 h light)
(Sadeghian and Khodaii, 1998). Sugar beet
seed could germinate at high salinity level
under laboratory and green house
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conditions, but could not survive in these
salinity levels. Therefore, sugar beet
genotypes should not only be insensitive to
salinity at the germination stage, but also it
should survive after germination to produce
reliable establishment in the saline soil
(Table 2, Figure 2).

Positive and significant (o= 0.01)
correlation was found between hypocotyls
length and seedlings death in the greenhouse
(Table 3), indicating longer seedlings will
damage more in sand medium than shorter
ones.

Dendogram of cluster analysis showed that
19 genotypes were divided into four clusters
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higher total dry matter and leaf area than
other progenies such as 7233 p.12 and 7233
p-21 (Dadkhah and Grrifiths, 2006). Also, it
was better than British check (Madison)
(Dadkhah, 2011).Although it responded as a
sensitive one in this study, one of its
progeny hybrids (7233 p.29xMSC2) showed
up tolerant to salinity (Figure 3). This result
shows that salt tolerance properties of the
genotype (7233) and subsequent selection
program helped extracting new salt tolerant
hybrids. Drought tolerant genotypes such as
BP Mashhad, BP Karaj, and 7219 p.69
(Sadeghian and Yavari, 2004) also
responded well to salinity stress (Figure 3),
indicating that the physiological and genetic
mechanisms of sugar beet tolerance to
drought and salinity could be the same
(Ashraf and Haris, 2004). Genotype 9597
p.12 that was sensitive to salinity in a
previous study (Fotuhi et al, 2006)
remained relatively sensitive in this
experiment (Figure 3). According to the
results of this study, BP Karaj, 7219 p. 69,
436 Bigerm, 191, 7233 p 29xMSc2, 9597 p.
12, OT -428, 8150 p.9, and 452 could be
selected for further physiological and
breeding studies.
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Field Experiment

Salinity stress decreased root yield, sugar
yield, and white sugar yield about 20, 22,
and 24%, respectively (Figure 4). Mean of
sugar and white sugar yields of two
genotypes BP Karaj and 7233 p.29*MSC2
were respectively 6.96 and 5.96 t ha-1
during 2007 and 7.19 and 5.48 t ha-1 during
2008. (Figure 5a and b), while genotype
7219 p.9 produced the highest sugar and
white sugar yields in 2008 (Figure 5b). In
terms of agronomic stability, these
genotypes showed the best response as
compared to the other genotypes. Genotypes
8150 p.9, 452, and 191 by displaying five
and four t ha™, respectively, sugar and white
sugar yields were the most sensitive
genotypes in 2007 (Figure 5-a). Root yield
(at a= 0.05) and white sugar yield (at a=
0.01) had significant and positive correlation
with seed germination in the laboratory.
Also, negative and significant correlations
were observed between root yield and white
sugar yield with abnormal seedlings in the
lab, hypocotyls length, and dead plants in
sand (Table 3). It means that good seedling
establishment is highly important for crop
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Figure 3. Dendogram of sugar beet genotypes using Ward’s method for seed germination and seedling
root and hypocotyls length characteristics.
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Figure 5. Sugar and white sugar yields (t ha™) of sugar beet genotypes at harvest time in 2007 (a) and

2008 (b).

yield at harvest.

DISCUSSION

The results of the study showed that sugar
beet can germinate under high electrical
conductivity (EC= 20 and 24 dS m') of
NaCl in the laboratory compared with
greenhouse and field (EC= 16 dS m")

experiments, because salt compositions
decreased sugar beet germination more than
NaCl and, also, salt combination toxicity on
plant germination was more than NaCl
(Jafarzadeh and Aliasgharzadeh, 2007).
Plants in the field have been damaged in less
salinity than other conditions because of side
effect provided by other soil ions (Duan et
al., 2004).
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There was significant correlation between
sugar beet seed germination and root and
white sugar yields in the field, but no
correlation was found between seed
germination in laboratory and greenhouse
germination, and genotypes with high
germination percentage in the laboratory and
greenhouse (for example, BP Karaj) had
more white sugar yield and were more salt
tolerant. This was also reported by
Ebrahimian et al. (2008). A previous study
showed that genotypes revealed more
differentiation under environmental stress in
the greenhouse than in the laboratory
(Sadeghian and Yavari, 2004). Therefore,
the difference of sugar beet germination
percentage in paper and soil is found to be
related to the interaction effects of genotype
and environment for germination ability
(Sadeghian and Khodaii, 1998).

Negative and significant correlation was
observed between abnormal seedlings in the
laboratory with greenhouse germination in
sand and yield in the field (Table 3),
therefore, percentage of abnormal seedlings
could be a good characteristic for genotype
screening for salinity stress at early growth
stages. Selection of genotypes based on dead
and alive plants and seedlings survival under
salinity stress would be a reliable method
beside seed germination and root length
(Sadat Noori and McNeilly, 2000). Of
course, abnormal germ determination is
somewhat difficult and needs technical skill
and precision.

Sugar beet seeds germinated under salinity
stress in the greenhouse but seedlings were
damaged by increasing salt stress. In this
condition, salinity would affect plant
establishment by influencing plant growth
and size (Durrant et al., 1974). Salinity
delayed seedling growth and development
and, consequently, affected later seedlings
establishment (Durrant ef al., 1974). Salinity
had more effects on seedling growth
reduction than germination percentage in
millet (Al-Taisan, 2010) and chick pea
(Okcu et. al., 2005). Thus, not only a good
germination of seeds is essential for seedling
development, but an acceptable yield under
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saline condition depends on the survival of
seedlings for a good plant establishment
(Sadat Noori and McNeilly, 2000).

Research reports have indicated that
salinity decreased hypocotyls length more
than root (AboKassem, 2007; Ramoliya and
Pandey, 2002). In the current study, similar
to the results of Jafarzadeh, and
Aliasgharzad (2007), it was the root length
that was highly affected by salt stress.

Generally, salt tolerant genotypes had high
root and hypocotyls length. The same
conclusions were also published for other
abiotic stresses like drought (Sadeghian and
Yavari, 2004). Root is directly in contact
with soil, therefore, it absorbs water and
other nutrients from it. Saline soils decrease
water absorbance and, consequently, cell
development; therefore, effects of salt stress
on root length are higher than on hypocotyls
length (Jamil ef al., 2006). As a result, root
length would be decreased at the minimum
levels of salinity (Jafarzadeh and
Aliasgharzad. 2007). Seed germination
factors and seedling properties could be
considered as evaluation criteria in breeding
programs when working with environmental
stresses (Sadeghian and Yavari, 2004).

Seed characteristics such as germination
percentage, seedlings establishment, and
1000 seed weight are mainly controlled
genetically while germination rate and
seedling vigor are usually affected by
environment (Sadeghian and Khodaii,
1998).

It can be concluded that salt stress
decreased seed germination and plantlet
length at early growth stage and, later on, by
producing abnormalities, decreased
establishment and finally reduced yield of
sugar beet. To obtain a proper crop yield
under salinity stress, insuring sugar beet
seed germination and suitable seedling
establishment  are  necessary. Seed
germination, abnormal seedlings, and root
length would be reliable indices for sugar
beet genotype screening for salinity stress at
early growth stages.
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