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This study was conducted to investigate the role of application of sulfur and zinc on
commercial seed yield of sugar beet Monogerm cultivar in a factorial experiment based on
randomized complete block design with three replications. The experimental treatments
included sulfur (0, 200, and 400 kg/ha) and zinc (0, 20, and 40 kg/ha from the source of
sulfate zinc). The results showed that sulfur on the seed yield and commercial seed yield, as
well as the interaction effect of sulfur and zinc, had a significant effect on seed yield alone.
With the application of 400 kg/ha sulfur, the raw seed yield increased by 17% and the
commercial seed yield increased by 54%. The highest raw seed yield (3443 kg/ha) was
obtained with the application of 400 kg/ha of sulfur and 40 kg/ha of zinc. The simultaneous
application of sulfur and zinc led to an increase in the proportion of oversized seeds and
standard seeds, and a decrease in the proportion of undersized seeds. The highest percentage
of oversized seeds (32%) and standard seeds (40%) was obtained with the application of 400
kg/ha of sulfur. The application of 400 kg/ha of sulfur resulted in a 6% and 12% increase in
mechanical and physiological viability and a decrease of 41% in hollow seeds and 3% in
Monogermity compared to the control. Overall, it was determined that sulfur improved both
the quantitative and qualitative aspects of sugar beet seed production, while zinc only
increased the quantity of seed produced. Under the conditions of this study, the combination
of 400 kg/ha of sulfur and 40 kg/ha of zinc was recommended.
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EXTENDED ABSTRACT

Introduction

Sugar beet is a plant with high nutritional value and a
significant sugar production capacity, which grows
without stems in its first year and begins flowering in its
second year. The seed quality of this plant is influenced
by genetic and ecological factors and includes features
such as genetic stability and uniformity. Attention to the
nutritional needs of the mother plant and the availability
of nutrients facilitates the improvement of seed quality.
Micronutrient deficiencies in the soil are common due to
agricultural activities and excessive use of phosphate
fertilizers, with elements like iron and zinc being
influential in plant growth. Sulfur is an essential element
for life and plays a crucial role in the formation of amino
acids cysteine and methionine. Sulfur deficiency can lead
to reduced plant performance and may cause symptoms
such as yellowing and weakness in leaf growth.
Additionally, zinc is another element that is involved in
many enzymatic reactions, and its deficiency can result
in reduced yield and protein concentration. Zinc
deficiency is common in soils with inappropriate pH, and
the use of zinc sulfate can help improve seed and oil yield
in plants.

Materials and Methods

The experiment was conducted factorially in the form of
a completely randomized block design with three
repetitions. The experimental treatments included
different levels of sulfur at three rates (zero, 200, and 400
kg of sulfur per hectare) and zinc at three rates (zero, 20,
and 40 kg of zinc per hectare). Each plot comprised six
planting rows spaced 75 centimeters apart and six meters
long, with the two outer rows designated for the paternal
parent (pollinator) and the four inner rows assigned for
the maternal parent (sterile male). The spacing between
plants in the planting rows was 40 cm. The studied
variety was the classic sweet Monogerm variety,
classified among classic sugar beet varieties (Z).

Results and Discussion

The results indicate that applying 200 and 400 kg of
sulfur per hectare increased plant height by 8% and 23%,
respectively. Sulfur enhances cell division and
elongation, promoting plant growth. A deficiency in
sulfur decreases the production of photosynthetic
pigments and growth, while its application helps release
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nutrients like phosphorus and zinc, easing root access.
The interaction between sulfur and zinc significantly
affected the number of main branches, with 400 kg of
sulfur leading to the highest counts (2.9 main and 34.9
secondary branches). Zinc reduced the number of main
branches when sulfur was absent but had a positive
impact when sulfur was present. Sulfur application also
significantly increased seed dry matter and total biomass
at the 5% level, achieving 175 g of seed dry matter and
545 g of total biomass with 400 kg sulfur. The provision
of sulfur enhances photosynthesis and dry weight. The
study found that the harvest index wasn't significantly
influenced by treatments, likely because both biological
and seed yield increased similarly. The raw and
economic seed yield increased significantly with sulfur,
with 200 kg leading to a 36% rise and 400 kg to a 68%
rise in sellable seeds. The combination of sulfur and zinc
further improved raw seed yield, with optimal results at
400 kg sulfur and 40 kg zinc. Zinc deficiency can disrupt
pollination and production of indole-3-acetic acid,
affecting seed quality. Sulfur was found to impact the
yield of standard-sized seeds positively, with 400 kg
resulting in a 13% increase in proportion and 32% in
yield. It also influenced the timing of seed filling and
photosynthetic material quantity. The study emphasizes
that sulfur nutrition enhances photosynthesis, seed
maturation, and the efficiency of nitrogen and other
nutrients. Gradual harvesting methods were found to
maintain seed quality and vyield more effectively
compared to single harvesting, underscoring the
importance of proper management practices for
maximizing plant

Conclusion

The results showed that the application of sulfur
separately had a significant impact on most traits
affecting sugar beet seed production, especially at a rate
of 400 kilograms per hectare, leading to increased values
of these traits. However, the simultaneous application of
sulfur with zinc only affected the main stem numbers,
raw seed vyield, and monogermity. The combined
application of these two elements resulted in increased
seed production, but it did not significantly affect the
quality of the produced seeds. This indicates a greater
role of sulfur and a lesser role of zinc in improving the
seed quality of sugar beets.
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S g Syl
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Table 2- Characteristics of the soil at the location where the experiment was conducted, Alarouq Station, Ardabil.
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EC pH soil saturation ~ OC N P K Zn clay Sylt Sand
ds.mt- - (Ao ) (0 gdos 53 Cd) (s y3)
1.0 7.7 51 0.85 0.09 14 410 0.5 36 34 30
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Table 3- Result variance and comparison of means for the main effects of sulfur and zinc on the morphological
characteristics of sugar beet seed.
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Plant height kel A 5 BRY Harvest index
Main Sub total Seed
S
oS 2 171.17 15" 19.2m 80498.5" 4504.6" 6.2m
Rep
25 2 1438.2" 1.9 80.9 80984.3" 3005.3" 140.5™
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CV (%)
OSa ,3 0 S 8) 5 58 (el (63 3 3a2) (5555 05) (des 33)
Sulfur (kg/h) (cm) (Number per plant) (g per plant) (%)
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O s ('Jf}l:f)d))
Zinc (kg/h)
0 116.3a 24a 32.1a 371.2a 104.9a 28.3a
20 118.3a 2.3a 29.3a 4619a 1404 a 304a
40 117.6a 25a 335a 469.1a 1209a 25.8a
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ns, * and ** are non-significant and significant probability levels at the 5% and 1% respectively.
Different letters in each column indicate a significant difference according to Duncan’s test at the 5% probability level.
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Figure 1- Interaction effect of sulfur and zinc on the number of main branches in sugar beet seeds.

Different letters in each column indicate a significant difference according to Duncan’s test at the 5% probability
level. The red diagram indicates the (lack of sulfur and lack of zinc) consumption.
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Table 4- Result variance and camper means, main effect sulfur and zinc on seed yield and productive seed profile beet
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Means square
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J;’EJGV ol S)-b.d i Productive seed profile
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df Y re S
ol S p )6 o 3 Syl st VL Ly 5 PRIRHEW 5,5kl Y
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<
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Sulfur (kg/ha) (kg/ha) (%)
0 2902 b 1428 ¢ 35.6a 39.6b 24.8b 1033 a 1149 b 720b
200 3198ab 1938 b 26.7b 41.5ab 318a 854 a 1327 ab 1017 ab
400 3414a 2400 a 20.8c¢ 446a 35.7a 710 a 1523 a 1219 a
GBS 53 0 55k 55,
Zinc (kg/ha)
0 3201a 1917 a 276a 432a 28.8a 883 a 1383 a 922a
20 3111a 1845 a 28.0a 40.0a 31.0a 871a 1244 964 a
40 3205a 1984 a 26.4a 42.0a 30.3a 846 a 1346 a 971a
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ns, * and ** are non-significant and significant at the 5% and 1% probability levels, respectively.

Different letters in each column indicate a significant difference by Duncan's test at the 5% probability level
(3) Subsoil seeds: seeds with a diameter of less than 3.5 mm; Standard seed: seeds with a diameter between 4.5-3.5 mm; Oversized

seeds: seeds with a diameter of more than 4.5 mm
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Figure 2- interaction effect of sulfur and zinc on raw seed yield of sugar beet
Different letters in each column indicate a significant difference by Duncan's test at the 5% probability level.
The red diagram indicates the (lack of sulfur and lack of zinc) consumption
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Figure 3- interaction effect of sulfur and zinc on Oversize seed yield of sugar beet

Different letters in each column indicate a significant difference by Duncan's test at the 5% probability level.
The red diagram indicates the (lack of sulfur and lack of zinc) consumption
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Figure 5 - Principal component analysis (PCA) plot of studied traits of sugar beet monogerm under various sulfur
and zinc treatments.
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total (DTT), harvest index (HI), raw seed yield (YS) and salable seed (YBS), profile Productive seed
(CLA1-CLAB3), empty seed (UFG).
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