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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 yield 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 yield, 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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Table 1- Summary of monthly weather statistics for the Ardabil region in 2018.
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Month Jh- Lo e Sl Relative humidity (%) Rainfall (mm)
Min Means Max
2027 13 5.6 9.9 83.0 782
March
ey
e 55 117 17.9 79.0 26.6
April
>l:)>'
10.5 17.9 25.2 76.0 25.6
May
7 11.8 16.1 20.4 82.0 4.4
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sls
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A 11.5 19.0 26.4 71.0 1.7
August
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5LT
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> 3.2 12 55 79.0 61.4
November
¢ -16.8 -10.8 4.7 86.0 6.2
December
o -10.5 5.0 0.6 81.0 29.8
January
Law!
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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- - (dey3) (O 3hes 5> Cad) (A 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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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.

Iranian Journal of Seed Science and Technology

Ol 5k 5318 5 p ke & 45

Vol.: 14, No.: 1, Spring 2025

VP Sl o) oplad O F Al



Vo

oL, 4 ole> 031385k

4L slowy

OV dlmlmb v s a (o 5 Aol Ll sl
2 el palie Sy 3 8 15588 Sl as)
L;))p>ff&&u}\.¢.&|.ﬁ,b@~jlhﬁjlg§i@»
(¥ Jgus) Cils gyls gme S1 Jol 4 Ld slaws 5 g5 50
eSS Frr O 1o o s ol e Lisliss o 5
ks 3o YA 5 Y/ Sl b 5 45 88 s )
S y3 Yo Y0 il 88 (o pan pde 4y Lo oS T
Y Jade) Lsls ol

Lol 53 00 g0 patdin 35 i 31 K0l alin ol
6L§;\M&Al§%}n63)>ﬁjl§uf;@ﬁm(¢p
e 53 p SAS Yo o mn b Sy ol olS 55 ol
B f}ffl‘ls\c“ O e b5 s sme it (53,5 OG5 88
L sl o V0 Jle Ol gieds A Cote (59, LS50 1SKa
a5 p SAS Frr O a3 (a1 53 340 ¥/0) Lol
QSMTW%LS})J&“JA(‘;}L;F' ol er s 88
Sl gme Dl (3,88 5 655 o e ple) dali Hlas
3G VA) Jol il sluss op 1S &S 550 J s o
O e oo Loyl 15 55 (555 S s rf}l:ff' FARNEPY

) JS8) T s 0T s o 3 e 53 58

byl o S8 68 o0 s pF b

ol 31 3 BAE S5 S pat by b
Gkt s OLalLS a5y gLl g o se G b
Mardanluo et al., 2018; Mosavi Nik, 2012;) 4
e=aa (Mosavi et al., 2019; Noorbakhsh et al., 2014
05555 5 A e £ 5SS At i
Rl s bl an 5358 g0 oS ) a5 (s e
388 s adlllas ol 53 4 LI IR g aie
Lo nlt 5 a5 053 8 S T (sladal Sl 53 (ST
oS plis )|y 6,18 36 oo G bl 515 2003 L TS 5
35S Ll i s ol e (Khavazy et al., 2018) 555
Wt Sl 3 lie AT OT (g 50 5 o g a0 8 F
Cao et al, ) > oo Jshow ol ot s ks Sl
2358 ce s glacde I K5 S onl p osdhe (2000
ST s e oyl 28 Ol g oo aalllan 1 5> i £ i)
o e oS 3505 o)L Sl 38 5 AT 55 b ol
Glacde 5l 55550 aio) gl LT 03905 s Jo1
Rhaimian, ) 4_sl addlas pl 53 (695 3,8 04 Hls sme 8
S8 5 05 3 sl al T 5558 ioman (2011
ol Bl plis )| I3 o se IS gn b ol Sl 5

(Fazilietal., 2008) 3 3 o 55 5 4 a5l s

4T 00 kg S/ha m200kg S/ha  @400kg S/ha a
€ 35+ ab
y = abc
ERE R
a O bcd
3 g 25 + cd d
8 2y d 80
o i u ]
N 2 T i
N5 1T+ vty m
X 9 R, ]
2 g 057 Fe e
S R T
Z O [Lor o] : i iy : :
0 /20 40
GBS 53 0 548D 555 2,08

Zinc (kg/ha)

A5 ik (5o L )3 Jool e Li 3lun (65 538 S lize 1 o SKle ) IS

.C_,.Ml‘MJ.)G;;:JLQ.Z?‘cb.w‘).)L').g;‘.)O}AJ.TLM‘}:J‘Q@MJM‘GM)QWL)P}&)J Sl L9 >

~u‘{@(é})&}fﬁﬂ(~w}35}?dﬂﬂru\&)-\.&u}a;)‘)}‘d
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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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

S5 0l 535 5 588 Jlize D1 Kl aslin b
s Slas 15l Cose 655 53,5 5 Olojer O3 s i
ol aib 5 s Shee o 5V s 51l 51 5V (65 4
Foo oy 3l G s D?,L_S WY) s,lkal G YL
3 Ses p S 5535 panpe 538 5SS 530 S S
3 5 G s (’;Jl:f PR 2kl 51 5V 6 4k
Lo odalio (55 Caltbue jy3lie 3 a0 53,5 S 5 jme pule
(1 JSK8) sl gl gme O UG L oS

S Jole 2 A pada B 8 ) Glams G

Iranian Journal of Seed Science and Technology

3y Ciliseo Ol o Khos

o g 3 Il 5 L5 sl 3 Shee 5 Lo )
s 5355355 Jlize 31 5258 5155858 O 50
(F Jsd) 55 l5 gme 5o 3,0kl (VL sl ds 5 Shes
W sl ge 3 58 LS g3 p SAS Frr
@b oyl J&&MJJVY}J}\&D\&L&J;\{WLSM):
£\ xﬁﬂ;);ggﬁu,ws@@u,;auuw@
}fn,uu\;_.ﬂtdyp).p;;w}ﬁ_w,umfu)mv}
(F Jod) Cab il 3l ds 5 4A

Ol 5k 5318 5 p ke & 45

Vol.: 14, No.: 1, Spring 2025

VP Sl o) oplad O F Al



114

oL, 4 ole> 031385k

Jaal dile dd ) SlaotiS o o 5 Rl 3l oM —ols
Ol B s 7 055 75 e e 5 Sy g S 5 sl Sl
Akter et al., 2013; ) 5 55 oo b yds (g 5 5 Shas (512!
558 wile glie jolie -seen (Ebrahimian etal., 2010
}L;JZ._M}Z& alyJW\«JPu)jMﬁéjjj
ol Sl ai,ldS . st O e s e 51 A (slaoanS o las
s o i 1y g 55 slandn glnas s o b

.(Boem et al., 2007; Devi et al., 2012)

}:SJJL.L:j{la.c):J::GS;.,.?-‘,.au}__.i:dbajhu\pﬁ_x;..._.w
S ot 9Ls15 8 & ) o i Ole ol 53355
33 3 S g 3 ga JIe L1l 04 Ole) Sl o
S,k Oljee il 3l aalllas oyl 53 487 558 oo Hds o1l ol
Oromat el e sl oS Ul s yIkal YU 5 5l
o 03 g a0 b b 8 8 D) g Sl 1 G
o5 PRIl e A8 ol e 53 OB ey 5 B aenS
STRE N P AR AU R COMPIN S TLE WO |
(Ghaderi et al., 2017) uS" oo 5 a5 1y andllas ol 55 Hd

% 00 kg S/ha ®200kg S/ha @400kg S/ha
2 < 1600 T
" (=)]
a
2 S 1400 1 _ ab abe
3”) 2 1200 + T a
38 1000 o S ]
Too C e
SE W] g : B
w 8 Lo e
‘W g 600 T 1 e
5 3 373 i
400 + T gy

Vi i e

ML T
2 200 + i o

0 el : : e :
0 40
G s (;)1:5) $352208 Ol
Zn(kg/h)

A jutiir 3 el (VU s s Shee 1 (535 5358 e 1 Sk Y IS

.C_,...J.Lp):G‘.J?JLQ.”a-lcla.njadgi‘bQ).AJTL‘»}S)\:&‘.MJ)&:&‘am:bu&o)&ﬁjba‘g&:ﬂd)f

il gn (535 O pan pide 53,58 5 pan pde) Al a3 ol pos
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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