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Abstract
Different methods of sugar beet seed threshing have been used to improve the seed cultivation value. Two types of processing 
are common, including ordinary processing (seed size of 3.00–4.75 mm round sieve, coating with Gaucho insecticide) and 
special processing (seed size of 4.00–4.5 mm round sieve, and above 2.2 mm long sieve, coating with Cruiser insecticide). 
The present study was conducted to evaluate the effects of seed processing and plant density on quantitative and qualitative 
traits of sugar beet as a factorial experiment in a randomized complete block design with four replications in the crop year 
2017–2018 in two regions of Karaj and Kermanshah. The first factor included the processing methods were ‘Shokoufa’ seeds 
with ordinary threshing and coating with Gaucho (a1) and Cruiser (a2), ‘Shokoufa’ seeds with special threshing and coat-
ing with Gaucho (a3) and Cruiser (a4) and seeds of cultivar F20909, and the second factor included the final plant density 
including 7, 10, and 13 plants per m2. The highest contents of impure (16.99%) and white sugar (8.23 t ha−1) and extraction 
coefficient of sugar (82.43%), and the lowest amounts of molasses (2.30%), harmful nitrogen (2.34 meq 100 g−1 beet), and 
potassium (4.97 meq 100 g−1 beet) were observed in F20909. Root yield, impure sugar yield, and white sugar significantly 
increased with increasing plant density. Regarding different areas of sugar beet cultivation, it was found that plants grown 
in Karaj had higher root yield (69.19 t ha−1), impure sugar (10.28 t ha−1), white sugar (7.58 t ha−1), harmful nitrogen 
(3.45 meq 100 g−1 beet), potassium (6.32 meq 100 g−1 beet), sodium (3.24 meq 100 g−1 beet), and molasses sugar (3.30%), 
while plants grown in Kermanshah had higher white and impure sugar content (16.55 and 14.14%), alkalinity (3.29), and 
extraction coefficient of sugar (84.84%).
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Introduction

The sugar beet (Beta vulgaris L.) is one of the most impor-
tant sources of sugar worldwide. It produces approximately 
253 million tons of roots annually in an area of about 5 mil-
lion hectares and contains nearly 20% of the world’s sugar 
(Rašovský et al. 2022). In 2017, sugar beet with a cultivated 
area of 126 thousand hectares, 1.28% of the total area of cul-
tivated crops, with 6.6 million tons of root crops, accounted 
for 9.83% of the total production of crops in Iran (Anony-
mous 2017). One of the problems of sugar beet cultivation 
in Iran is the lack of achieving the desired plant density per 
unit area, which while reducing the efficiency of consump-
tion of agricultural inputs, reduces crop yield. In the field 
studies, about 61% of sugar beet production fields face the 
problem of improper plant density per unit area (Taleghani 
et al. 2006). One of the effective ways to increase plant sta-
bility in the field is to use seeds with good quality in terms of 
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germination and stability. The importance of this issue has 
become more important with the production and planting 
of monogram seeds. In addition, the application of polish-
ing techniques and the use of a small range of seed sizes 
contribute to the proper and uniform germination of seeds. 
Moreover, the use of fungicides, insecticides, nutrients, 
moisture-absorbing materials, and suitable colors and coat-
ings are some of the techniques that increase the quality of 
seeds and, consequently, increase the stability of plants on 
the field surface (Taleghani et al. 2006; Finch-Savage and 
Bassel 2016; Kimmelshue et al. 2022).

One of the ways to improve and increase seed efficiency 
is to coat it with chemical compounds, which regulate and 
improve germination (Copeland and McDonald 2012; Para-
var et al. 2023). Seed coating technologies date back several 
decades (Paravar et al. 2023). The main reasons for seed 
coating include insect control, control of pathogenic fungi, 
and the addition of beneficial microorganisms to the seed 
composition, germination improvement, and seedling sta-
bility (Kimmelshue et al. 2022; Paravar et al. 2023) and so 
on. Farmers need the right seeds to get the most yield, and 
the goal of seed coating is to achieve this potential (Rocha 
et al. 2019; Paravar et al. 2023). Seed coating is one of the 
methods of seed strengthening with different purposes such 
as increasing the speed and rate of germination, preventing 
pests and diseases, facilitating seeding operations, uniform 
distribution of seeds, maintaining moisture around seeds 
using moisture-absorbing materials, increasing the perfor-
mance of delayed germination, preventing seeds from being 
eaten by animals, increasing the speed and ability of plant 
stability (Sohail et al. 2022; Zhang et al. 2022). Therefore, 
it is necessary to use different techniques to increase seed 
efficiency, increase the power and speed of germination, 
uniformity of germination, and increase the stability of the 
sugar beet plant. In addition, disinfection (with chemical 
toxins) and coating of sugar beet seeds are becoming more 
common day by day (Salimi and Boelt 2019).

Proper seed preparation, including seed processing before 
sowing, is one way to improve seed power and thus crop yield 
(Marinković et al. 2008). The main reason for the uneven and 
weak germination of sugar beet is attributed to the presence of 
seedless fruits as well as seeds with undeveloped embryos, and 
threshing as one of the seed processing methods includes the 
separation of hollow seeds, weed seeds, and foreign materials 
(such as sand, gravel, and brushwood) as well as the grading 
of seeds based on their diameter, which is done in the sugar 
beet seed processing plant (Chegini et al. 2015). The study 
by (Rochalska and Orzeszko-Rywka 2008) showed that in 
different stages of sugar beet seed threshing, seed abrasion 
significantly increased seed germination power and stability 
of sugar beet. This could be effective in the quantitative and 
qualitative characteristics of the product in the next steps. Seed 
disinfection is usually performed in the seed production system 

after harvest and threshing. In recent years, the use of vari-
ous pesticides and fungicides to control seed-borne pathogens 
has increased (Tavakoli and Beheshti 2010). Olsson (2012) 
showed that treatment of sugar beet seeds with different types 
of pesticides significantly prevented damage caused by harm-
ful insects at the beginning of the season. This resulted in sig-
nificant improvements in the growth characteristics and sugar 
yield. Due to the possibility of performing additional threshing 
steps (removal of hollow seeds with incomplete embryos and 
seeds with thick shells) in seed coating technology, the power 
and speed of germination and the stability of the plant in the 
main ground are increased and make it possible to achieve 
the desired plant density in the field. Furthermore, processing 
treatments often have a positive effect on sugar beet yield by 
maximizing germination rate as well as increasing germina-
tion capacity and uniformity and seedling stability in the field 
(Lukaszewska et al. 2012). From the point of view of the effect 
of plant density changes on sugar beet quality characteristics, 
some studies indicate a reduction in root impurities (sodium 
and potassium) following an increase in plant density from 60 
to 120 thousand plants per hectare (Jafarnia et al. 2013). In a 
recent study, the highest sugar yield and the lowest root impu-
rities were obtained at a density of 90,000 plants per hectare. 
Another study showed an increase in plant density from 87.5 
to 100 thousand plants per hectare. This resulted in a signifi-
cant increase in sugar content, purity, white sugar content, and 
sugar yield (Masri 2008). In another study, Ismail and Allam 
(2007) reported that plant density between 70 and 105 thou-
sand per hectare caused the highest yield and quality traits.

The main purpose of this study is to provide a sufficient 
number of plants per unit area by focusing on the effects of 
seed processing including threshing (ordinary and special) 
and coating with chemical toxins (Gaucho and Cruiser). 
Although the use of these treatments is often applied dur-
ing the production and planting process of sugar beet seeds, 
there is little information about how these factors simulta-
neously affect and the reaction of Iranian and foreign culti-
vars in terms of quantitative and qualitative traits in seeds 
obtained from threshing (ordinary and special) as well as a 
difference in final yield between seeds from processing rela-
tive to different planting densities. According to the above, 
the present study was conducted to evaluate the effect of 
seed processing and plant density on some quantitative and 
qualitative characteristics of sugar beet in Karaj and Ker-
manshah regions.

Materials and Methods

To evaluate the effects of seed processing, including 
threshing (ordinary and special) and coating with chemical 
toxins (Gaucho and Cruiser) to provide a sufficient num-
ber of plants per unit area, this research was conducted 
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as a factorial experiment in a randomized complete block 
design with four replications in the crop year 2017–2018 in 
two places, including Motahhari research station (Kama-
labad, Karaj) with geographical coordinates of 35°50′ 
north latitude and 50°6′ east longitude with an altitude 
of 1244 m above sea level and Mahidasht research station 
in Kermanshah with geographical coordinates of 15°34′ 
north latitude and 46°48′ east longitude with an altitude 
of 1362 m above sea level.

The studied factors were the ‘Shokoufa cultivar’ with 
four different seed sizes and disinfection: (a1) ‘Shokoufa’ 
seeds with ordinary threshing (seed size equivalent to 
3.00–4.75 mm round sieve + coating with Gaucho and 
carboxin-thiram fungicide with 90% potency); (a2) ‘Shok-
oufa’ seeds with ordinal threshing (seed size equivalent 
to 3.00–4.75 mm round sieve + coating with Cruiser and 
carboxin-thiram fungicide with 95% potency); (a3) ‘Shok-
oufa’ seeds with special threshing (seed size equivalent to 
4.00–4.50 mm round sieve and above 2.2 long sieve + coat-
ing with Gaucho and carboxin-thiram fungicide with 90% 
potency); (a4) ‘Shokoufa’ seeds with special threshing 
(seed size equivalent to 4.0–4.5 mm round sieve and above 
2.2 long sieve + coating with Cruiser and carboxin-thiram 
fungicide with 95% potency), and (a5) F20909, KWS cul-
tivar with the size of 3.25–4.75. Plant density factors with 
three levels including (b1) seven; (b2) ten, and (b3) thir-
teen plants per square meter were planted with a fixed 
row spacing of 50 cm and were created by changing the 
distance between the plants.

Seeds with the same density were planted by a manual 
seeder (Kermanshah) and Oyord (Karaj) and in the thin-
ning stage, plant density treatments were applied. Each 
plot consisted of six planting rows a length of eight meters. 
At the time of harvest, the length of the harvest line was 
considered equal to 6 m. The experiment was carried out in 
the 2nd decade of May by planting and a drip-tape irriga-
tion system. Moreover, the most important meteorological 

components of the two regions during the experiment are 
shown in (Figs. 1 and 2).

To experiment, after tillage and leveling operations and 
before planting, a composite soil sample was taken from a 
depth of 0–30 cm to measure the physical and chemical char-
acteristics and after chemical analysis of the soil, the test site 
in each area was recorded separately. For Mahidasht station 
(Kermanshah), soil reaction (pH), electrical conductivity, 
organic carbon, available phosphorus, available potassium 
were equal to 8.11, 0.50 dS m−1, 0.83%, 8.00 ppm, 600 ppm, 
respectively, and the type of soil texture was silty-clay. For 
Motahhari station (Kamalabad, Karaj), soil reaction (pH), 
electrical conductivity, organic carbon, available phospho-
rus, available potassium were equal to 7.80, 1.72 dS m−1, 
1.33%, 20.83 ppm, 620 ppm, respectively, and the soil tex-
ture was loamy.

Measurement of Seed Germination Characteristics 
and Plant Stability

To determine the standard germination percentage of seed 
treatments, 100 seeds were divided into four parts of 25 
using a divider and then, in a randomized complete plot 
design with four replications according to the International 
Seed Testing Association (ISTA 2013), was planted in 
accordion-folded filter papers and placed in a germinator 
at a temperature of 20 °C and relative humidity of 85%. 
The standard germination percentage (according to (ISTA 
2013)) in each treatment after two weeks was counted and 
recorded. Simultaneously with counting the number of nor-
mal seedlings based on radicle growth of 2 mm, plumule and 
radicle length were measured by digital caliper, and radicle 
and plumule dry weight obtained using the tube-planting 
method was also determined by placing them in an oven at 
70 °C for 24 h.

To evaluate the stability of processed sugar beet seeds 
under field conditions, an experiment was conducted in a 
randomized complete block design with four replications 

Fig. 1   Temperature and relative 
humidity in Karaj and Kerman-
shah regions
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at two research stations Karaj and Kermanshah. Each plot 
consisted of a planting line four meters long and 50 cm wide. 
In each plot (with an area of 2 square meters), 100 seeds 
were planted manually at a distance of 5 cm from each other. 
After the first irrigation using the drip-tape method in the 
late week of May, for 21 days, every 3 days, the number of 
seeds that reached the cotyledon stage up to two true leaves 
was counted, recorded, and placed on a wooden stick next 
to the counted plants. The counting of plants continued until 
the number of plants was fixed.

At the time of harvest, after washing the roots in the 
laboratory by VENEMA apparatus (G2), the root pulp was 
prepared and 26 g of it was mixed with 177 ml of lead sub-
acetate to prepare a clear extract. The filtered extract was 
poured into special glasses and sucked into the machine 
by the sucker of qualitative analysis machine of sugar beet 
and its sugar percentage was determined. The sugar content 
(SC) was measured by polarimetry, sodium and potassium 
by flame photometry, and harmful nitrogen (α-amino) by 
spectrophotometry. By determining the above values, other 
quality characteristics such as alkalinity (ALC), molasses 
sugar (MS), white sugar content (WSC), extraction coeffi-
cient of sugar (ECS), sugar yield (SY), and and white sugar 
yield (WSY) were calculated using Eqs. 1, 2, 3, 4, 5 and 6, 
respectively (Abdollahian-Noghabi et al. 2005):

In the above equations, ALC was alkalinity (without 
units) and Na, K, and α-amino-N were sodium, potassium, 
and harmful nitrogen (milliequivalents per 100 g fresh root 
weight), respectively, and MS was molasses sugar (percent).

(1)ALC(K + Na)∕a − �amino - N

(2)MS = 0.343(Na + K) + 0.094(� − aamino - N) − 0.31

(3)WSC = SC −MS

In the above equations, WSC is white sugar content 
(percent); SC is sugar content of the root (percent); ECS is 
extraction coefficient of sugar (percent); SY is sugar yield 
(t ha−1); RY is root yield (t ha−1), and WSY is white sugar 
yield (t ha−1).

Statistical Analyzes

SAS software (Ver. 9.1 2002–2003, SAS Institute, Cary, NC) 
was used for the analysis of variance. It should be noted 
that in the combined analysis of variance, the location fac-
tor was considered as a constant factor and the calculations 
were based on mathematical expectations. Mean traits were 
compared using Duncan’s method at a 5% level.

Results

Germination Percentage

The results showed that the germination percentage was 
significantly (P < 0.01) affected by sugar beet seed pro-
cessing (Table 1). Comparisons of the mean data also 
indicated that the highest germination percentage at 
97.5% was related to the KWS cultivar (Table 2). Further-
more, the treatments of Normal ‘Shokoufa’ + Gaucho and 
Normal ‘Shokoufa’ + Cruiser at 85.0 and 88.5%, respec-
tively, had the lowest germination percentage. According 
to the national standard of sugar beet seed germination 
(87%), the seeds of the ‘Shokoufa’ cultivar with normal 

(4)ECS = (WSC − SC) × 100

(5)SY = SC × RY

(6)WSY = WSC − RY

Fig. 2   Soil temperature and 
sunny hours in Karaj and Ker-
manshah region
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processing lacked the necessary standard, which can be 
concluded that special processing caused a significant 
increase in germination percentage.

Seed Vigor

The results showed that the effect of type of sugar beet 
seed processing on seed vigor was significant at a 5% 
level (Table 1). Based on the comparison of the mean 
data, it was found that KWS cultivar (93.0%), ‘Super 
Shokoufa’ cultivar + Cruiser (88%), and ‘Super Shok-
oufa’ cultivar + Gaucho had the highest seed vigor among 
other treatments (Table 2). The lowest seed vigor was 
observed for Normal ‘Shokoufa’ + Gaucho (85.5%) and 
Normal ‘Shokoufa’ + Cruiser (86.0%). Another indica-
tor that determines seed quality is the seed vigor index, 
which is effective in seed quality through the percentage 
of germination percentage and seedling length. Seeds that 
have strong vigor, have a high ability to withstand envi-
ronmental stress factors, have a high percentage of ger-
mination, and can produce strong and normal seedlings. 
Strong seeds, which the conditions are more favorable 
for them, can produce normal and vigorous seedlings at 
germination.

Plant Stability

The results of this study showed that the simple effects of 
location and sampling as well as the interaction of loca-
tion × sampling on the stability of the sugar beet plant were 
significant at a 1% level (Table 3). Figure 3 shows plant 
stability in the Kermanshah region (45.07%) was signifi-
cantly higher than in the Karaj region (24.85). In Kerman-
shah region, the rate of sugar beet plant stability in the early 
stages increased significantly nine days after planting and 
reached a maximum of 45.07% on the 12 day after plant-
ing, but then showed a gradual decrease (Fig. 3A). In Karaj 
region, it was found that the rate of decrease in plant stabil-
ity occurred with a lower slope compared to Kermanshah 
region (24.9%), but at the same time at all stages of meas-
uring this slope was increasing. In Fig. 3B, the effect of 
seed processing on the stability of sugar beet in Karaj region 
showed that the cultivars of Super ‘Shokoufa’ (34.7%) and 
Normal ‘Shokoufa’ (35.41%) processed with Cruiser had 
more suitable stability than other treatments, while accord-
ing to Fig. 3C, in Kermanshah region, the highest percentage 
of plant stability was related to KWS (38.03%).

Root Yield, Sugar Yield and White Sugar Yield

The results of analysis of variance showed that the interac-
tion of location × seed processing was significant at a 1% 
level on root yield and sugar yield as well as at a 5% level 
on white sugar yield in sugar beet (Table 4). Compari-
son of the mean interaction of location × seed processing 
also showed that the highest root yield was related to the 
treatments of Normal ‘Shokoufa’ + Cruiser (75.15 t ha−1), 
Super ‘Shokoufa’ + Cruiser (72.22 t ha−1), and Normal 
‘Shokoufa’ + Gaucho (68.36 t ha−1) in Karaj region. In 

Table 1   Analysis of variance of the effect of seed processing on the 
germination characteristics of sugar beet seed

**, *, and ns: significant at 1%, 5%, and non-significant, respectively

Sources of variation (df) Mean squares

Germination 
percentage

Seed vigor

Replication 3 7.67ns 23.67ns

Seed processing 4 87.70** 57.80*
Error 12 9.83 15.00
CV (%) – 3.44 4.44

Table 2   Means comparison of the effect of seed processing on the 
germination characteristics of sugar beet seed

Values within a group in a column bearing followed by the same let-
ter are not significantly different at P ≤ 0.05 as determined by Dun-
can’s test

Seed vigor (%) Germination percent-
age (%)

Seed processing

85.5b 85.0c Shokoufa + Gaucho
87.0ab 95.5b ShokoufaS + Gaucho
86.0b 88.5bc Shokoufa + Cruiser
88.0ab 92.0b ShokoufaS + Cruiser
93.0a 97.5a KWS cultivar

Table 3   Analysis of variance of the effects of location, seed process-
ing, and sampling time on the stability of sugar beet plant

**, *, and ns: significant at 1%, 5%, and non-significant, respectively

Sources of variation (df) Mean squares
Stability

Location 1 40,864**
L (Rep.) 6 1724
Seed Processing(SP) 4 346.8ns

L × SP 4 509.1ns

Error SP 24 702.4
Sampling(S) 9 5360.7**
L × S 9 748.8**
SP × S 36 27.92ns

L × SP × S 36 18.22ns

Error B 270 24.07
CV – 14.03
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Kermanshah region, seed processing had no significant 
effect on the root yield, but in Karaj region, the seed treat-
ment with Cruiser under both threshing conditions and the 
seed treatment with Gaucho only in the ordinary process-
ing method produced the highest root yield (68.37–75.16 t 
ha−1) (Table 5).

In Karaj region, the highest sugar yield was related to 
Normal ‘Shokoufa’ + Cruiser at 11.02 t ha−1, and the low-
est sugar yield was observed for Super ‘Shokoufa’ + Gau-
cho at 9.70  t ha−1. In Kermanshah region, the highest 
sugar yield was related to the KWS cultivar at 9.53 t ha−1, 
and the lowest sugar yield was observed for Super ‘Shok-
oufa’ + Cruiser at 6.18 t ha−1 (Table 5).

The highest white sugar yield in Karaj region was 
related to the KWS cultivar at 8.17 t ha−1, and the low-
est white sugar yield was observed for Super ‘Shok-
oufa’ + Gaucho 7 t ha−1 (Table 5). The highest white sugar 
yield in Kermanshah region was related to the KWS cul-
tivar at 8.28 t ha−1, and the lowest white sugar yield was 
observed for Super ‘Shokoufa’ + Cruiser cultivar at 5.27 t 
ha−1 (Table 5). According to Table 5, unlike Kermanshah 
region, seed processing in Karaj region caused the white 
sugar yield of other treatments with the KWS cultivar to 
be in the same statistical group.

Planting density factor was significant at a 5% level 
for all three traits of root yield, sugar yield, and white 
sugar yield of sugar beet, while none of the interactions of 
density × processing, location × density, and location × pro-
cessing × density were significant for these traits (Table 4). 
By increasing planting density, root yield, sugar yield, and 
white sugar yield significantly increased. The root yield 
increased from 52.82 t ha−1 at a density of seven plants per 
square meter to 59.27 t ha−1at a density of 13 plants per 
square meter (about 11%). The sugar yield and white sugar 
yield of sugar beet at a density of 13 plants per square 
meter increased by about 10% compared to the density of 
seven plants per square meter, while planting densities of 
10 and 13 plants per square meter were in the same statisti-
cal group (Table 6).

Sugar Content

The results of the analysis of variance showed that only the 
simple effect of location (at a 1% level) and seed process-
ing (at a 5% level) on impure sugar content was significant 
(Table 4). According to Table 6, it was found that Ker-
manshah region (16.55%) at 1.64 units compared to Karaj 
region (14.91%) had the highest root sugar content (Table 6). 
Furthermore, regarding the effect of seed processing type, 
the KWS cultivar at 16.99% had the highest sugar content 
among the studied treatments (Table 6).

According to Table 4, it was found that the root white 
sugar content was affected by the simple effects of loca-
tion and seed processing at a 1% level. Kermanshah region 
(14.14%) compared to Karaj region (11.01%) had about 
3.13 more units of pure sugar content (Table 6). Among 
treatments related to seed processing, the KWS cultivar at 
14.09% had the highest white sugar content of the sugar 
beet root.

Root Impurities

The results of the analysis of variance (Table 4) showed 
that the simple effect of location on the levels of harmful 
nitrogen and potassium in sugar beet was significant at a 1% 
level. The simple effect of processing on the sodium and 
molasses sugar content of sugar beet was significant at 5% 
and 1% levels, respectively. Comparison of the mean simple 
effects showed that Karaj region (3.45 meq 100 g−1 of pulp) 
had 49% more harmful nitrogen than Kermanshah region 
(1.75 meq 100 g−1 of pulp). The level of potassium in Karaj 
region (6.33 meq/100 g) was 27% higher than in Kerman-
shah region (4.61 meq 100 g−1 of pulp). In seed processing 
treatments, the KWS cultivar at 2.34 meq/100 g of pulp had 
less harmful nitrogen than other seed processing treatments. 
Moreover, the KWS cultivar at 4.97 meq 100 g−1g had the 
lowest level of potassium compared to other seed processing 
treatments (Table 6).

Fig. 3   Interaction of location × sampling (A), seed processing × sampling in Karaj region (B), and seed processing × sampling in Kermanshah 
(C) on the stability of sugar beet seedling
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According to Table 4, it was found that the interaction 
of location × seed processing on sodium and molasses 
sugar content of sugar beet were significant at a 1% level. 
Comparison of the mean interactions of location × seed 
processing indicated that the highest level of sodium 
was related to Karaj region and the treatments of Super 
‘Shokoufa’ + Cruiser (3.56 meq/100 g) and Super ‘Shok-
oufa’ + Gaucho (3.50 meq 100 g−1), and the lowest molasses 
sugar was observed for Karaj region and the KWS cultivar 
(2.87%), which was significantly different from other seed 
processing treatments (Table 6).

Extraction Coefficient

The extraction coefficient at a 1% level was affected only by 
the simple effects of location and seed processing (Table 4). 
According to Table 6, the highest extraction coefficient was 
related to Kermanshah region (84.84%), which in com-
parison with Karaj region (73.70%) increased by 13.13%. 
Regarding seed processing treatment, the results showed that 
the KWS cultivar at 82.43% had the highest extraction coef-
ficient compared to other cultivars (Table 6).

Discussion

Processing technologies are widely used to enhance the 
physical, chemical, and quality properties of seeds and 
fruits (Steinbrecher and Leubner-Metzger 2017). In this 
study, the effect of seed processing treatments on sugar beet 
yield and quality was confirmed. In contrast, the effect of 
density was not significant on root yield, sugar yield, and 
white sugar yield. The results showed that sugar beet from 
processed seeds had more harmful nitrogen and potassium in 
the root than the control seed (foreign cultivar). In addition, 

the sugar content and extraction coefficient were higher in 
the foreign cultivar. Seed size is one of the factors in seed 
threshing that varies even within a cultivar (Rochalska and 
Orzeszko-Rywka 2008). Large seed sizes may lead to better 
seedling survival and stability through adaptation (Hamidi 
and Chegini 2016). Baraloto and Forget (2007) suggested 
that seed grading by size may improve seedling survival 
and stability through adaptation. Larger seeds are in a bet-
ter position for germination, vigor, and yield than small 
seeds. In general, under field conditions, larger seeds pro-
duce stronger seedlings than small seeds, which in some 
crops results in an increase in yield (Finch-Savage and Bas-
sel 2016; Kimmelshue et al. 2022). Chegini and Ettehad, 
(2010) reported that seed diameter increased germination 
percentage. Taleghani et al. (2003) showed that graded seeds 
with a diameter wider than 3.5 mm had the highest germina-
tion percentage. Moreover, to evaluate the effect of different 
seed sizes on germination characteristics and seedling sta-
bility, an experiment was conducted on three different sizes 
(small, medium and large) of four safflower cultivars and it 
was found that large seeds had a higher germination percent-
age (Sadeghi et al. 2011). However, in this experiment, for 
root impurity traits (harmful nitrogen and potassium), sugar 
content, and extraction coefficient, there was no difference 
between ordinary and special threshing treatments. Similar 
to the present study, there are many reports on seed size’s 
effect on plant quantitative and qualitative traits. In this 
regard, Hamidi and Chegini (2016) showed that the traits 
related to germination and growth of sugar beet cultivars 
were significantly affected by seed size, so that the seeds of 
Rasta cultivar at a diameter of 2 mm and Sharif cultivar at a 
diameter of 3.5 mm had higher germination characteristics 
and seedling vigor, which in later stages would be able to 
produce plants with higher yield and quality. The presence 
of small seedlings indicates weak and abnormal seed vigor 

Table 6   Comparison of 
the mean interactions of 
location × seed processing on 
some traits of sugar beet at 
harvest time

Values within a group in a column bearing followed by the same letter are not significantly different at 
P ≤ 0.05 as determined by Duncan’s test

Studied factors levels Root (t ha−1) Sugar (t ha−1) White sugar 
(t ha−1)

Na (meq 
100 g−1 beet)

Molasses 
sugar (%)

l1. Karaj
a1. Shoukofa + Gaucho 68.37ab 9.90a 7.26a 3.15b 3.28a
a2. ShoukofaS + Gaucho 66.30b 9.70a 7.01ab 3.50a 3.44a
a3. Shoukofa + Cruiser 75.16a 11.03a 7.98a 3.14b 3.43a
a4. ShoukofaS + Cruiser 72.23ab 10.39a 7.47a 3.56a 3.45a
a5. KWS 63.91b 10.39a 8.17a 2.83b 2.86b
l2. Kermanshah
a1. Shoukofa + Gaucho 41.69d 6.80b 5.81bc 1.07c 1.7c
a2. ShoukofaS + Gaucho 40.38d 6.36b 5.40c 1.06c 1.82c
a3. Shoukofa + Cruiser 43.33d 6.92b 5.85bc 0.99c 1.87c
a4. ShoukofaS + Cruiser 37.20d 6.18b 5.28c 0.98c 1.82c
a5. KWS 53.96c 9.54a 8.28a 1.19c 1.73c
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(Finch-Savage and Bassel 2016). Tavakoli and Beheshti 
(2010) studied the effect of seed disinfection on wheat seeds. 
They showed that this processing was not significant on 
some growth and germination traits and other traits, which 
is consistent with the results of the present study.

Plants cultivated in Kermanshah region had higher sugar 
content, alkalinity, and extraction coefficient than in Karaj 
region. In contrast, harmful nitrogen and potassium levels 
were higher in Karaj region plants. This can be attributed to 
the climatic conditions of cultivation in the two regions. Pre-
vious studies have reported that sugar beet quality depends 
on the region where it is grown (Kenter et al. 2006; Hoff-
mann et al. 2009). The effect of different cultivation areas, 
especially on sugar beet sugar content, has been reported 
in other researcher’s research. Climatic conditions can 
affect sugar content changes during growing. It has been 
shown that the less the maximum temperature in the last 
months, the higher the final sugar content (Hoffmann et al. 
2009). According to meteorological stations, in Kermanshah 
region, the maximum temperature in plant breeding months 
was less than in Karaj region. Therefore, one of the rea-
sons for the high sugar content in this region can be attrib-
uted to this (Fig. 1). In addition, plants grown in the Karaj 
region had a higher root yield than the Kermanshah region. 
According to the reported research (Abdollahian-Noghabi 
et al. 2005), larger sugar beet roots have more impurities 
and lower sugar content and lower extraction coefficient than 
smaller roots, which was confirmed in our experiment so that 
larger roots with high yield obtained from the Karaj region 
showed higher impurities, lower sugar content and lower 
extraction coefficient than roots with less yield in Kerman-
shah. Similar results have been reported in different studies 
on the effect of different environments on root impurities, 
sugar content, and extraction coefficient of sugar beet (Mil-
ford et al. 2000; Hoffmann and Märländer 2005; Bahrami 
and Honarvar 2017).

In this experiment, by increasing plant density from 7 
to 13 plants per square meter, root yield, sugar yield, and 
white sugar yield of sugar beets significantly increased. 
However, density had no significant effect on sugar beet 
quality characteristics. Different results on the effect of 
density on sugar beet yield and quality have been reported 
in several studies (Johnson and Hanson 2003; Mohammad-
nia et al. 2006). Varga et al. (2021) found that most of the 
studied traits improved with greater plant density, especially 
increasing plant density improved root yield. Khayamim 
et al. (2003) showed that density levels had a significant 
effect on the percentage of impure sugar and sugar extrac-
tion efficiency. By increasing the density, the percentage of 
impure sugar decreased. They also reported that different 
levels of density treatments had no significant effect on the 
number of green and yellow leaves of the sugar beet plant. 
This increased the number of leaves per plant as density 

decreased. In addition, the number of leaves per unit area 
increases with greater density. The main reason for the lack 
of yield increase in high densities of sugar beet is due to the 
overlap of the leaves of neighboring plants, even in the early 
growing season. As the leaf overlap expands, the plant alone 
receives less light, so each plant individually produces less 
dry matter. Regarding the effect of spacing between rows, it 
was shown that the highest sugar yield and root yield in the 
sugar beet plant were obtained at 30 cm distance between 
planting rows (Marey 2015). Similar results were reported 
by Refay in 2010. At a distance of 30 cm between sugar beet 
rows, the maximum root yield and quality were observed.

In terms of the effect of plant density changes on the 
quality characteristics of sugar beet, some studies indicate 
a reduction in root impurities (sodium and potassium) fol-
lowing an increase in plant density from 60 to 120 thousand 
plants per hectare (Jafarnia et al. 2013). In another study, 
increasing plant density from 87.5 to 100 thousand plants 
per hectare led to a significant increase in sugar content, 
purity, white sugar content, and sugar yield (Masri 2008). In 
densely cultivated plants, the root system remains small, and 
a small reserve is provided for each plant to extract nutri-
ents during the growing season and finally, sugar extrac-
tion is also difficult because of the small size. In fields with 
low plant density, the roots have more opportunity to grow 
and as a result, crown and root growth increases, and their 
quality decreases. Naturally, increasing the weight of the 
crown relative to the root reduces the degree of root purity 
(Mohammadnia et al. 2006). Due to that the shoot produces 
carbohydrates, with a low leaf area index at dense distances, 
the reservoir is not fed properly and causes growth abnor-
malities such as more growth in the crown, and on the other 
hand, nutrients such as nitrogen can be used, which does 
not drain faster and ultimately increases root impurities, 
which show a high correlation with molasses sugar con-
tent (Mohammadnia et al. 2006). However, the interaction 
of seed processing and density was not significant for any 
of the studied traits. In this regard, the results of research by 
Scott and Hay (1974) showed that regardless of plant den-
sity, plants from larger seeds have higher yields than plants 
from smaller seeds, and cultivation at high densities has no 
advantage in producing high yields. In another report, Long 
and Holmes (1964) stated that the effect of seed size on root 
yield of sugar beet was not affected by plant density. High 
yield and quality of sugar beet, especially its stability under 
different environmental conditions is of great importance in 
the agricultural industry. In the Kermanshah region, no dif-
ference was observed between ordinary and special thresh-
ing treatments in terms of root yield, sugar yield, white sugar 
yield, sodium, and molasses sugar. However, these threshed 
seeds showed a lower yield than control seeds (foreign culti-
var) in terms of these traits, while in Karaj region, threshing 
increased the yield of these traits compared to the control 
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cultivar. In Karaj region, there was no difference between 
ordinary and special threshing except for the sodium content 
of the root. To conclude, although the plants obtained from 
unthreshed seeds (foreign seeds) were higher in terms of 
quantity and quality in Kermanshah region, threshing had a 
significant effect on yield and quality of sugar beet in Karaj 
region, indicating that standard seed size used might have 
been different for different areas.

Conclusion

According to the results of the present study, despite the 
highest content of impure and pure sugar, as well as the 
highest sugar extraction coefficient, as well as the lowest 
molasses sugar, nitrogen, and potassium contents observed 
for the KWS cultivar, plants grown from processed seeds in 
Karaj region had higher root yields, sugar yields, and white 
sugar yields. Furthermore, the effect of planting density 
on sugar beet quantity and quality showed that root yield, 
sugar yield, and white sugar yield significantly increased 
with increasing plant density. Regarding different areas of 
sugar beet cultivation, Karaj plants had higher root yield, 
sugar yield, and white sugar yield. In addition, they had 
harmful nitrogen, potassium, sodium, and molasses sugar. 
In contrast, plants grown in Kermanshah had greater pure 
and impure sugar content, alkalinity, and sugar extraction 
coefficient. Finally, based on the results of this study, the use 
of seed processing methods to provide a sufficient number of 
plants per unit area and also improve the quantity and quality 
of the sugar beet crop in different planting areas is positively 
evaluated and its use is recommended.
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