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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) is an important crop,
contributing approximately 25% of global sugar
production. Its cultivation is particularly significant in
arid and semi-arid regions, where optimal water and
nutrient management is essential for sustainable
productivity. Transplanting sugar beet has emerged as
an innovative cultivation method, providing advantages
such as rapid establishment, effective early-season weed
control, and improved pest management compared with
traditional direct seeding, especially under resource-
limited conditions. The yield and quality of sugar beet
are strongly influenced by several agronomic factors,
including planting density, irrigation regime, and
nitrogen fertilization. These factors often interact in
complex ways. For instance, while nitrogen is essential
for plant growth, excessive application can lead to
vegetative development at the expense of root yield and
sugar content, increase impurities such as sodium and
alpha-amino nitrogen, and pose environmental risks
through  water pollution. Conversely, nitrogen
deficiency can limit photosynthesis, reduce root
expansion, and decrease sucrose accumulation.
Irrigation management is also critical, as sugar beet is a
high water-demanding crop. Drip irrigation systems are
known for their efficiency in delivering water and
nutrients directly to the root zone, potentially enhancing
water use efficiency and yield compared with
conventional furrow methods. Planting density affects
resource competition among plants, influencing light

interception, water uptake, root size and sugar
concentration. Therefore, optimizing the interaction
among planting density, irrigation, and nitrogen
fertilization is crucial for maximizing both the quantity
and quality of sugar beet yield. This study aimed to
investigate these interactions in a transplanted sugar beet
system in the Abyek region of Qazvin Province, Iran.

Materials and Methods

A two-year field experiment (2022 and 2023) was
conducted in Abyek, Qazvin Province. The experiment
was arranged as a split-split plot design within a
randomized complete block design (RCBD) with three
replications.

The treatments included two planting densities (83,000
and 100,000 plants per hectare) as the main plots (C, and
C,), three irrigation methods (furrow, drip tape, and
alternate furrow) as the subplots (14, I, and I3), and three
nitrogen fertilizer levels (50, 100, and 150 kg N ha'?) as
the sub-subplots (N;, N, and Ns). The distance
between emitters in the drip lines was 20 cm. The
German monogerm sugar beet cultivar 'Puma’ was used.
Seedlings were raised in a nursery and transplanted at
the 8-10 leaf stage, approximately 60 days after sowing.
Irrigation  scheduling was managed using the
CROPWAT 8.0 software based on daily meteorological
data from the local station, with application efficiencies
of 95% for drip and 60% for furrow irrigation.
Morphological traits including leaf length and width,
root length and diameter, plant height, and number of
leaves, as well as root yield and quality parameters
(sugar content, extractable sugar, molasses percentage,
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sodium, potassium, and alpha-amino nitrogen) were
measured at harvest. Data were analyzed using SAS 9.4
software, and mean comparisons were performed using
Tukey's test at a 5% significance level.

Results

The combined analysis of variance revealed that
planting density, irrigation method, and nitrogen
fertilization significantly influenced most measured
traits.

Morphological Traits and Yield: Drip irrigation (12)
combined with the lower planting density of 83,000
plants ha™ (C1) produced the highest values for leaf
length (46.86 cm), leaf width (18.75 cm), root diameter,
plant height (105.88 cm), and dry matter weight
(1319.94 g). In contrast, alternate furrow irrigation (13)
at the higher density (C2) resulted in the lowest values.
Root yield was highest (113.61 T ha™) under drip
irrigation at the C1 density.

Quality Parameters: Sugar content (20.24%) and
extractable sugar coefficient were maximized under drip
irrigation (12) at C1 density. The lowest molasses
percentage and alpha-amino nitrogen content (3.04
mmol/100g pulp) were also recorded under this
treatment. Conversely, higher planting density (C2)
combined iwth furrow irrigation increased sodium
content and root alkalinity. Nitrogen application up to
150 kg ha™ increased root length but occasionally
reduced the extractable sugar coefficient, indicating a
potential negative impact on processing quality at very
high rates.

Discussion

The superior performance under drip irrigation is
attributed to the uniform and efficient application of
water and nutrients directly to the root zone, which
reduces stress and optimizes growth conditions. Lower
planting density (83,000 plants ha™) minimized inter-
plant competition for resources such as light, water, and
nutrients, allowing for better individual plant
development and larger root size, thereby contributing
to higher yield and quality. The response to nitrogen was
complex. While increasing nitrogen up to 150 kg ha™
improved vegetative growth and root yield, the optimal
rate for balancing yield with high sugar quality

(extractable sugar) was 100 kg N ha™. This aligns with
previous studies indicaing that excessive nitrogen
promotes vegetative growth at the expense of sucrose
accumulation and increases impurities like alpha-amino
nitrogen. The significant interaction between year and
other factors highlights the influence of climatic
variations between the two growing seasons,
highlighting the importance of adaptable management
practices.

Conclusion

This study demonstrates that the interaction of planting
density, irrigation method, and nitrogen fertilization is
crucial for optimizing sugar beet production. The
combination of lower planting density (83,000 plants
ha™), drip irrigation, and moderate nitrogen application
rate (100 kg N ha™) provided the best results for both
quantitative yield and qualitative traits (sugar content
and purity) in transplanted sugar beet in the Abyek
region. This management strategy efficiently utilizes
resources, improves water productivity, and maximizes
economic returns, providing valuable guidance for
farmers in similar semi-arid environments.

Keywords: Molasses percentage, Morphological traits,
Sugar beet root yield, Sugar content.
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Table 4 Combined analysis of variance for some morphological traits and root yield of sugar beet
under the effects of year, irrigation, plant density, and fertilizer

Slaye (50l
Mean square
) Spdd Ay st Syl Ly gl Suzd ole (g ,
a5 e g ady I 0js
Sources of variation 2l Leaf Root Number Plant Dry matter Total root weight
df length diameter of leaves height weight
x o o s  1502777.37

Year (Y) 1 1109.73 113.67 1054.68**  2118.24 s 10637079105
Y (block) 4 17.10 18.95 33.22 14.12 926182.02 6382008846
Density (D) 51,5 1 81.12%* 136.01** 15.03* 558.96**  6565429.27* 19497705154
Y*D 1 5.97** 64.09** 23.42**  2310.18** 1129003.6™ 7534756842
Error (main-plot) o5 s
" 4 1.19 7.40 16.15 10.87 926936.66 6388272349
Irrigation (1) (s L1 2 772.99%*  489.69%* 15.30**  111.87**  5441694.75%  41479422259**
Y*| 2 78.30* 144.71%* 50.85* 572"  617865.00™ 4336555022 "
D*| 2 11658%*  14019%  270.87+* 3571w L0344LLT6  ge7097345 1
Y*D*| 2 038n 0.93m 0.45m  opeons 102738128 4091531650
Error (subplot) e s cs sls 16 3.07 254,53 30.25 338.90 520924.22 3531946474
Nitrogen (N) o552 2 2.18%* 5.71%* 26.56** 2.26™ 10643526'73 7334705745
Y*N 2 35.47%* 23.23" 10.69%* 45.05*  850771.50™ 5807874455 "
D*N 2 1328%* 4.35m 4370 11097 126121662 705047565
I*N 4 0.39 3.36" 0.33" 2.02™  929967.38™ 6465208587 "
Y*D*N 2 0.07" 3.47" 0.84" 3.27" 1200?5’8'15 8231032245
Y*[*N 4 0.65" 0.63" 0.67" 1.29m 1009%587'78 6940525554 "
D*I*N 4 0.27" 1.63m 0.20m 3.77" 1146%563'45 7919645822 "
YAD*I*N 4 067 0.73m 070m  3gim  LH38BIT 4651497076
Error (sub-subplot) s ls

o 48 0.72 1.86 0.38 2.78 1060256.6 7262750379.2
=P
CVA s s - 2.06 3.42 3.31 6.04 15.92 21.15

b gzept 9 P0.01 maw j3 o sze PTO.05 alaw 3 45 dme i & NS F**
*** ns: Significant at p<0.05, p<0.01, and not significant, respectively.
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(left)on leaf length of sugar beet.
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Fig 2 Comparison of the mean interaction effects of irrigationx year (left) and yearx nitrogen fertilizer
(right) on leaf length of sugar beet.
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Table 5 Results of combined analysis of quality traits of sugar beet under the studied treatments

DB s KWW
5 e . spde 5oy e il
Py ”)i il P40 (59 ks ™ oo doyy el o s
Sources of 3l Alkalinity Harmful Potassium  Sodium Molasses Extraction £ bl S
variation df nitrogen percentage  coefficient thrjg;? € coﬂ%:r:t
Year (Y) L. 1 065" 71842 7002.84** 27.08%*  132.26%* 2.43" 58.87**  35.50%*
Y (block) 4 0.56 1.15 9.11 0.08 0.03 0.73 0.33 1.41
Density (D
;}?s'ty( ) 1 oe4r 1002w osom 00006 g e 142 061 0.8m™
Y*D 1 006" 090"  17.33™  0.03™ 0.02"s 1.567 359" 4.75"
Error (main-
plot) o8 slks 4 1.65 0.89 15.05 0.14 0.21 1.52 0.17 0.14
ol
Irrigation (1
d”:ga fon (1) 2 1541%*  249™  3175™  0.65%%  2.19* 0.65™ 0.26**  0.05™
i
Y*| 2 410% 4.45"s 45.89* 015 0.32"s 1.927 0.45"s 0.76"
DI 2 2130%*  0.16™ 3817 021" 1.12%* 1.58™ 0.21"s 1.241
Y*D*| 2 021 2,721 58.72% 041 0.29"s 1.36™ 1.437 1.93%*
E bplot
fror (subplot) o 49 0.02 3.31 0.01 0.01 0.81 0.11 5.13
=P es sl
Nltrogen (N) ns ns ns ns ns ns ns ns
o 2 090 1.27 13.99 0.24 0.54 0.99 0.31 0.42
Y*N 2 032 0.48"s 6.86™  0.097 0.11m 0.32 0.201 0.65"™
D*N 2 0921 048"  11.42™ 014" 0.19"s 1.18™ 0.71%* 1.00
I*N 4 159 0.65" 439" 010" 0.12"s 0.23" 0.62"s 0.83"
Y*D*N 2 0221 1.04™ 1762 0.10" 0.15"s 0.241s 0.36" 0.30"
YAI*N 4 092 258™  3062™ 0197 0.18" 0.71" 0.28" 0.33"
D*I*N 4 067 1.01™ 972" 007 0.86* 0.26" 0.86" 1.90%*
Y*D**N 4 047 1.66M™ 375" 017 0.15"s 0.42"s 0.49M 0.55
Error (sub-
subplot) (sls 48 0.63 1.57 13.16 0.12 0.28 0.62 0.35 0.72
EAEROS
CV% .,
L - 4.36 12.64 5.58 7.88 13.78 8.78 17.69 20.79
Sl

bmeps s PL0.01 paws p3 )b sze P<0.05 o )3 5 dxe sy 4 NS F*F
*, ** ns: Significant at p<0.05, p<0.01, and not significant, respectively.
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Fig 9 Comparison of the mean interaction effect of densityx irrigation on sugar content of sugar beet
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Fig 10 Comparison of the mean effect of year on extractable sugar of sugar beet
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