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Abstract

The application of organo-mineral fertilization in sugar beet cultivation stimulates plant growth and development,
reflected by significant changes in their appearance and structural parameters, as a result of optimized nutrient
availability and uptake. This study aims to evaluate the effects of different fertilization schemes on the development and
biometric performance of three sugar beet hybrids under the ecopedological conditions of Covasna County during the
2022-2023 and 2023-2024 growing seasons. The experimental treatments consisted of three sugar beet hybrids (Darvas,
Deseda, and Tatry) combined with different fertilization schemes, including varying doses of manure, nitrogen (N),
phosphorus (P), and potassium(K). All applied fertilization schemes increased crown length and diameter, root weight,
tuber yield, and sugar content compared to the untreated control, regardless of hybrid or climatic conditions. During
the2022-2023 growing season, the Tatry hybrid recorded the highest yield (60.05 t/ha) with a sugar content of 18.27°S,
while in 2023-2024, the Darvas hybrid achieved the highest yield (85.79 t/ha) and a sugar content of 19.02°S across the

different fertilization schemes.
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INTRODUCTION

Sugar beet (Beta vulgaris L.) is a strategically
important crop for sucrose production in
temperate regions, contributing substantially to
both agricultural economies and the food
industry. Achieving high root yield while
maintaining elevated sugar concentration
remains a major agronomic objective, as these
two traits jointly determine sugar yield and
processing efficiency. Crop performance in
sugar beet is strongly influenced by genotype,
climatic conditions, soil properties, and crop
management  practices, among  which
fertilization plays a decisive role (Draycott,
2006; Milford & Watson, 1971; Hoffmann et al.,
2020; Kenter & Hoffmann, 2021). Recent
studies emphasize that optimized nutrient
management is essential for improving
productivity while maintaining sugar quality
under increasingly variable climatic conditions
(Hoffmann et al., 2018; Safina et al., 2022).

Nitrogen fertilization is a key factor governing
sugar beet growth and vyield formation.
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Adequate nitrogen supply promotes leaf area
development, photosynthetic capacity, and
biomass accumulation, thereby enhancing root
yield. However, the effect of nitrogen on sugar
yield and root quality is strongly dose-
dependent. Excessive nitrogen application can
negatively affect sugar concentration and
technological quality by increasing amino-N
and other non-sucrose impurities in the root,
ultimately reducing sugar extraction efficiency
(Draycott & Christenson, 2003; Milford et al.,
1988; Hoffmann & Kluge-Severin, 2011; Zarski
et al., 2020). Consequently, optimizing nitrogen
rates according to crop demand and soil nitrogen
supply is essential to balance yield and quality
in sugar beet production systems (Hoffmann et
al., 2018; Pulkrabek et al., 2022).

Phosphorus and potassium are equally important
macronutrients in  sugar beet nutrition.
Phosphorus supports early root development,
energy transfer, and metabolic activity, while
potassium plays a crucial role in carbohydrate
transport,  osmotic  regulation,  enzyme
activation, and nitrogen utilization. Adequate



potassium availability has been associated with
increased root yield, improved sugar
accumulation, and enhanced tolerance to abiotic
stress, particularly under conditions of intensive
nitrogen fertilization (Christenson & Draycott,
2001; Johnston et al., 1999; Koch et al., 2020;
Wakeel et al., 2021). Balanced N-P-K
fertilization schemes are therefore widely
recognized as fundamental for sustaining both
yield and quality in sugar beet cultivation
(Kenter et al., 2016; Hoffmann et al., 2020).

In recent years, increasing attention has been
directed toward the use of organic fertilizers,
such as farmyard manure, either alone or in
combination with mineral fertilizers. Organic
amendments contribute to improved soil
structure, increased microbial activity, enhanced
nutrient buffering capacity, and improved long-
term nutrient availability, which may positively
influence crop growth and yield stability
(Edmeades, 2003; Diacono & Montemurro,
2010; Lazcano et al., 2018; Diacono et al.,
2019). The integration of organic and mineral
fertilizers has been shown to provide synergistic
effects by combining the immediate nutrient
availability of mineral sources with the long-
term soil fertility benefits of organic inputs
(Lopez-Bellido et al., 2012; Chen et al., 2020;
Safina et al., 2022).

Previous studies have demonstrated that organo-
mineral fertilization strategies can improve root
yield, sugar content, and overall nitrogen use
efficiency compared to exclusive mineral or
organic fertilization, particularly when nutrient
rates are adjusted to crop demand and soil
fertility status (Hoffmann & Kenter, 2018;
Safina & Abou-Shanab, 2019; Pulkrabek et al.,
2022). Nevertheless, the magnitude of these
effects varies depending on fertilization rate,
nutrient combination, soil conditions, and
genotype, highlighting the need for region-
specific and hybrid-specific research under field
conditions.

Therefore, the objective of the present study was
to evaluate the effects of different fertilization
schemes, including organic, mineral, and
organo-mineral fertilization, on morphological
traits, yield components, and sugar content of
sugar beet hybrids under field conditions over a
two-year study period. The obtained results aim
to contribute to the optimization of fertilization
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strategies for sustainable and economically
efficient sugar beet production.

MATERIALS AND METHODS

The field experiment was conducted in 2023 and
2024 in the locality of Zabala, Covasna County,
Romania, on a moderately acidic soil with a pH
of 6.13, which is below the optimal value for
sugar beet cultivation.

The field experiment was organized as
subdivided plots with 4 replications being of
type 3 x 6, with the following experimental
factors:

Factor A — hybrids, with 3 graduations:
- al. Darvas;
- a2. Deseda;
- a3. Tatry.

Factor B — fertilized with organic and mineral
fertilizers, with 6 graduations:
- bl. 20 t/ha farmyard manure;
- b2.20 t/ha farmyard manure + 150 kg/ha
N + 150 kg/ha P + 150 kg/ha K;
- b3.10 t/ha farmyard manure + 150 kg/ha
N + 150 kg/ha P + 150 kg/ha K;
- b4. 10 t/ha farmyard manure;
- b5. 150 kg/ha N + 150 kg/ha P + 150
kg/ha K;
- b6. unfertilized control.
The DARVAS hybrid is a new, robust sugar
beet hybrid characterized by high tolerance to
foliar diseases and abiotic stress factors,
including drought. The hybrid demonstrates
stable performance in yield and root quality,
making it suitable for cultivation under variable
environmental  conditions and  ensuring
consistent and efficient production.
The DESEDA hybrid is a sugar beet hybrid
characterized by high sugar content, high yield
per hectare, and excellent tolerance to
cercospora (Cercospora beticola). The hybrid
demonstrates stable performance in yield and
root quality, making it suitable for cultivation
under variable environmental conditions and
ensuring consistent and efficient production.
The TATRY hybrid is a sugar beet hybrid
characterized by high root yield and superior
sugar content. It exhibits an increased juice
purity coefficient, making it optimal for
industrial processing. The hybrid shows high
tolerance to cercospora leaf spot (Cercospora



beticola) and abiotic stress factors, including
drought and temperature fluctuations. Its
agronomic characteristics make it suitable for
stable and efficient production, even under
suboptimal environmental conditions.

The hybrids were sown on 13" of May in 2023
and 2" of May in 2024 using a precision planter
on 6 rows, with a row spacing of 45 cm and a
sowing depth of 5 cm, under controlled field
conditions.

Following sowing, the first herbicide
application was  conducted for weed
management using Betanal Tandem 390 SC
(MCPA 250 g/l + Phenmedipham 140 g/l) at a
rate of 1 1/ha, Venzar 500 SC (Bentazone 500
g/l) at a rate of 0.3 1/ha and Safari (Diflufenican
500 g/kg) at a rate of 30 g/ha. The treatment
targeted annual dicotyledonous and
monocotyledonous weeds, as well as susceptible
perennial broadleaf weeds. One week after the
initial application, the herbicide treatment was
repeated at the same rates to ensure uniform and
effective weed control under field conditions.
The experimental plot area for each treatment
was 16.2 m?, corresponding to six rows of sugar
beet, with a row spacing of 45 cm (2.7 m) and a
row length of 6 m.

Crown length (cm), crown diameter (cm), and
root weight (g) were measured on two
representative plants from each treatment and
replication

Sugar beet was harvested on 13™ of November
in 2023 and 24™ of November in 2024; the root
weight of each plot and replication was
determined, and the yield per hectare was
subsequently calculated. Sugar content was
analyzed on 11" of December in 2023 and 4™ of
December in 2024 at the Laboratory of
Technology and Good Agricultural Practices of
the National Institute of Research and
Development for Potato and Sugar Beet Brasov
(NIRDPSB).  Statistical  analyses  were
performed using Microsoft Excel. The
experimental data were subjected to analysis of
variance (ANOVA), and treatment means were
compared with the unfertilized control using the
Least Significant Difference (LSD) test at the
5%, 1%, and 0.1% probability levels. The levels
of statistical significance are indicated as
follows: “significant (p < 0.05), “distinctly
significant (p < 0.01), and "**very significant (p
<0.001).
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RESULTS AND DISCUSSIONS

Root collar length

The root collar length was determined on 13™
November 2023 (Table 1). Thus, the Darvas
hybrid recorded very highly significant values
compared to the unfertilized control in all
treatments fertilized with organic fertilizer or
with a combination of organic and mineral
fertilizers. In the case of the treatment fertilized
exclusively with mineral fertilizer, namely 150
kg/ha N + 150 kg/ha P + 150 kg/ha K (alb5), no
significant differences were recorded.

For the Deseda hybrid, the lowest mean value of
root collar length was identified in the treatment
fertilized with 10 t/ha farmyard manure (a2b4),
reaching 2.45 cm, this value being 0.1 cm lower
than that of the unfertilized control. All other
treatments fertilized with standard organo-
mineral fertilizer doses showed no significant
differences compared to the control treatment.
Compared to the Deseda hybrid, the Tatry
hybrid recorded very highly significant
differences in terms of root collar length in the
treatment fertilized with 20 t/ha farmyard
manure + 150 kg/ha N + 150 kg/ha P + 150
kg/ha K (a3b2), and distinctly significant
differences in the treatment fertilized with 20
t/ha farmyard manure (a3bl). All other
experimental treatments showed no significant
differences compared to the unfertilized control.
In contrast to the year 2023, in 2024, on 24t
November, very highly significant differences
in root collar length values were recorded for all
three studied hybrids in the treatments fertilized
with 20 t/ha farmyard manure + 150 kg/ha N +
150 kg/ha P + 150 kg/ha K and with 20 t/ha
farmyard manure (Table 1).

Regarding the treatments fertilized with 10 t/ha
farmyard manure + 150 kg/ha N + 150 kg/ha P
+ 150 kg/ha K, these recorded distinctly
significant values in the case of the Darvas
hybrid and very highly significant values in the
case of the Deseda and Tatry hybrids.
Significant differences compared to the
unfertilized control were identified in the
treatments fertilized with 10 t/ha farmyard
manure in the Darvas (alb4) and Tatry (a3b4)
hybrids, as well as in the treatment fertilized
with 150 kg/ha N + 150 kg/ha P + 150 kg/ha K
in the Darvas hybrid (alb5). Non-significant
differences compared to the unfertilized control



were identified in the treatments fertilized with
150 kg/ha N + 150 kg/ha P + 150 kg/ha K in the
Deseda (a2b5) and Tatry (a3b5) hybrids.

Table 1. Root collar length (cm)

2023
al-DARVAS 2-DESEDA a3-TATRY

E| e 2 o 2 o ®

k) 2E €| 28 | €3 2 | €3
= | £s5 | & S5 | 8 Ss | &
bl | 448 200 | 2.68 013 | 388" | 113
b2 | 458 210 | 3.3 058 | 415~ | 140
b3 | 440 | 193 | 3.05 050 340 | 0.65
b4 | 380 | 133 | 245 | -0.10 308 | 033
b5 285 | 038 | 263 0.08 358 | 0.83
b6 243 Mt 255 Mt 275 Mt
DI 5%= 0.661
DI 1%= 0.882
DI10.1%= 1.155

2024
al-DARVAS a2-DESEDA a3-TATRY

g 9 5 3 5 P 5

5 ZE |E€g| 58 | €3 2 | €3
> A 8z > S a = a e
bl | 498" | L18 | 485~ | 113 | 48" | 135

b2 535" 1.55 5.107" 1.38 515" 1.68
b3 4.53" 0.73 4.68 0.95 443" 0.95
b4 435" 0.55 4.65™" 0.93 4.15" 0.68

b5 430" 0.50 4.15 0.43 3.85 0.38
b6 3.80 Mt 3.73 Mt 3.48 Mt
DI 5%=0.515

DI 1%=0.688

D10.1%=0.901

[~ very significant; "~ distinctly significant, - significan{

Root collar diameter

The root collar diameter recorded the highest
value in 2024 in the treatment fertilized with 20
t/ha farmyard manure + 150 kg/ha N + 150 kg/ha
P + 150 kg/ha K in the Darvas hybrid (alb2),
reaching 7.35 cm. This value was 1.83 cm
higher than the maximum value recorded in
2023, namely 5.53 cm, observed in the Tatry
hybrid fertilized with the same organo-mineral
fertilizer dose. Regarding the minimum value
identified for root collar diameter in 2024, it was
5.23 cm, differing by only 0.3 cm from the
maximum value recorded in 2023 (Table 2).

In contrast, in 2023, the root collar diameter
showed very highly significant differences
compared to the unfertilized control for each
treatment, with two exceptions: the treatment
fertilized with 10 t/ha farmyard manure in the
Deseda hybrid (a2b4), where the difference was
distinctly significant, and the Tatry hybrid
fertilized with 150 kg/ha N + 150 kg/ha P + 150
kg/ha K (a3b5), where the difference was
significant (Table 2).

Analyzing the two study years, these did not
show the same uniformity in terms of
differences between experimental treatments
and their respective controls. Thus, very highly
significant  differences were evident in
treatments fertilized with the maximum dose of
organic fertilizer or with combinations of
organic and mineral fertilizers. An exception
was observed in the Darvas hybrid fertilized
with 20 t/ha farmyard manure (albl) and in the
treatment fertilized with 10 t/ha farmyard
manure + 150 kg/ha N + 150 kg/ha P + 150
kg/ha K (alb3), where the differences were
distinctly significant and positive.

Significant differences were recorded in the
Darvas and Tatry hybrids fertilized with 10 t/ha
farmyard manure + 150 kg/ha N + 150 kg/ha P
+ 150 kg/ha K, as well as in the Deseda hybrid
fertilized with 150 kg/ha N + 150 kg/ha P + 150
kg/ha K.

The Darvas and Tatry hybrids fertilized
exclusively with organic fertilizer did not show
significant differences.

Table 2. Root collar diameter (cm)

2023
al-DARVAS a2-DESEDA a3-TATRY

2| . B o B o B

| 2 |2, 22 |£.| 22 | £

> =) 838 > S a8 > S a8
bl 537" 2.40 4.65"" 1.55 4.65™" 0.98
b2 557" 2.60 4.85™" 1.75 5.53"" 1.85
b3 517" 2.20 445" 1.35 4.68™" 1.00
b4 4.55™" 1.65 3.58" 0.48 4.30™" 0.63
b5 3.95" 1.05 3.80"" 0.70 4.08" 0.4
b6 2.90 Mt 3.10 Mt 3.68 Mt
DI 5%=0.323
DI 1%=0.431
D1 0.1%= 0.564

2024
al-DARVAS a2-DESEDA a3-TATRY

- = = =

g ) 2 5} 2 o I
5| 28 | & Z% | & ZE | &
> =3 a8 =5 88 =S a8
bl 6.78" 1.13 6.63"" 1.40 6.85™" 1.35
b2 7.35" 1.70 7.35" 2.13 7.20"" 1.70
b3 6.65" 1.00 6.60"" 1.38 6.90"" 1.40
b4 6.40" 0.75 6.13" 0.90 6.35" 0.85
b5 5.93 0.28 6.10" 0.88 5.88 0.38
b6 5.65 Mt 5.23 Mt 5.50 Mt
DI 5%=0.671

DI 1%= 0.895

DI10.1%=1.172

[**- very significant; "~ distinctly significant, - significan(]

Plant weight
From an analytical perspective, across the two
study years, the highest mean plant weight was
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recorded in the treatment fertilized with 20 t/ha
farmyard manure + 150 kg/ha N + 150 kg/ha P
+ 150 kg/ha K for the Darvas hybrid (alb2). In
2023 (Table 3), Darvas represented the hybrid of
extremes, also showing the lowest plant weight
in the unfertilized control (302.11 g).

Table 3. Plant weight (g)

2023
al-DARVAS a2-DESEDA a3-TATRY
El 8 E 8 E] 8
- S =] 8 =] S =]
5| 3 5 P 5 2 5
5 5 L= 3 L= 5 =
> > a > a > a
bl 1193.35 891.2 | 846.37" | 385.97 | 1006.03 467.6
e 5 . 3 povt 8
b2 1318.20 1016. | 1063.88 | 603.48 | 1126.59 | 588.2
1 3 4
b3 ?04.94 ;02.8 *7‘4}4623 284.23 ?9691 2585
ba | 7278 806 T snnaa [ eass | F090 | ae7a
b5 ?01'49 ;99'3 477.87 17.475 | 701.79 163'4
b6 | 302.105 | Mt 460.39 Mt 538.35 Mt
DI 5%=99.205
DI 1%=132.476
D10.1%=173.391
2024
al-DARVAS a2-DESEDA a3-TATRY
El 8 E 8 E 8
- L g L g 2 g
g 3 5 P 5 2 5
§| 3 = 5 = G =
> > A > a > a
bl }f45.03 236,7 l‘}] 7.13 625.35 1348.15 4513].6
b2 ‘17159 207A6 *1388,73 796.95 }’4}85.08 2685
b3 ,‘1364‘45 456.2 }196'4 404.63 }302‘78 286'2
b4 *1)977.18 §68.9 1020.1 228.33 ;(1374'25 ?57.7
b5 ?73.03 z1;64,7 906.98" 1152 '939A65 ;231
b6 | 808.25 Mt 791.78 Mt 816.5 Mt
DI 5%= 62.127
DI 1%= 85.027
D10.1%=116.477
[**- very significant; - distinctly significant, *- significan(]

From a statistical standpoint, in 2023, all
fertilization treatments of the Darvas hybrid
showed very highly significant differences
compared to the unfertilized control. A similar
trend was observed for the Tatry hybrid, except
that it presented one treatment with distinctly
significant differences relative to the control,
specifically the treatment fertilized exclusively
with mineral fertilizer (a3b5).

The differences recorded for the Darvas hybrid
in treatments with 10 t/ha farmyard manure
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(a2b4) and 150 kg/ha N + 150 kg/ha P + 150
kg/ha K (a2b5) were not significant compared to
the unfertilized control.

Regarding 2024, compared to 2023, it was
uniform in terms of the statistical significance of
differences among the experimental treatments,
all of them being very highly significant. The
only treatment standing out in terms of plant
weight,  showing  distinctly  significant
differences compared to the unfertilized control,
was the Deseda hybrid fertilized exclusively
with 150 kg/ha N + 150 kg/ha P + 150 kg/ha K
(Table 3).

Storage root yield

The maximum storage root yield reached 85.79
t/ha in 2024 for the Darvas hybrid fertilized with
20 t/ha farmyard manure + 150 kg/ha N + 150
kg/ha P + 150 kg/ha K (alb2), which was 25.74
t/ha higher than the maximum value recorded in
2023, namely 60.05 t/ha for the Tatry hybrid
fertilized with the same organo-mineral
fertilizer dose (a3b2).

Regarding the minimum yield values, it can be
stated that 2023 was a much more balanced year
in terms of storage root production (t/ha), with
the minimum value being 49.25 t/ha, resulting in
a difference of 10.8 t/ha between the maximum
and minimum values (Table 4).

Analyzing 2024, the difference between the
minimum value of 2023 and that of 2024 (39.59
t/ha) was 9.67 t/ha, while the difference between
the two extreme values in 2024 reached 46.21
t/ha, which highlights the positive influence of
the fertilization dose on all yield components,
ultimately leading to the achievement of
considerably higher total yields.

From a statistical point of view, in 2023, for
each hybrid, the treatments fertilized with 20
t/ha farmyard manure, 20 t/ha farmyard manure
+ 150 kg/ha N + 150 kg/ha P + 150 kg/ha K, and
10 t/ha farmyard manure + 150 kg/ha N + 150
kg/ha P + 150 kg/ha K recorded very highly
significant differences compared to the unfer-
tilized control. Distinctly significant differences
were observed in the Darvas hybrid fertilized
with 10 t/ha farmyard manure (alb4) and in the
Tatry hybrid fertilized with 150 kg/ha N + 150
kg/ha P + 150 kg/ha K (a3b5) (Table 4).
Additionally, significant differences were
reported only for the Darvas hybrid fertilized
with 150 kg/ha N + 150 kg/ha P + 150 kg/ha K



(alb5) and for the Deseda hybrid fertilized with
10 t/ha farmyard manure (a2b4). In 2023, only
one treatment showed  non-significant
differences in storage root yield compared to the
unfertilized control, namely the Deseda hybrid
fertilized with 150 kg/ha N + 150 kg/ha P + 150
kg/ha K (a2b5).

Table 4. Storage root yield (t/ha)

content between the fertilized treatments and the
unfertilized control were very highly significant.
Nevertheless, two experimental treatments
showed non-significant differences compared to
the control, namely the Darvas hybrid fertilized
with 10 t/ha of farmyard manure (alb4) and the
treatment fertilized with 150 kg/ha N, 150 kg/ha
P, and 150 kg/ha K (alb5).

Table 5. Sugar content (%)

2023
al-DARVAS a2-DESEDA a3-TATRY
2023
E el 8 g 3 £ 8
£ e 5 ) g s g al-DARVAS a2-DESEDA a3-TATRY
= 2 £ E £ E 2 = = = =
s a = | 3 g £l ® 3 g g 3
> a] > a > [a] =} 53 =1 S = S =1
= = o = 15} = o
> 2 3 g 3 g 3
bl | 57.88 8.55 | 56.80 6.00 | 58.78 9.53 2 k= 2 £ 2 =
b2 [ 59437 [ 10.10 [ 59.68" | 8.88 | 60.05 10.80 > A > A > A
b3 | 55237 | 590 ] 56907 | 610 | 58187 8.93 ot | 1704 | 01 | 1807 | 403 | 1738 | 297
b4 | 52.70" 338 | 53.58° 2.78 | 53.88"" 4.63
b5 | 51.88” 255 5218 | 138 | 52687 343 b2 | 1735 | 332 | 17.39™ | 334 | 1827 3.86
b6 4933 | Mt 50.80 | Mt 4925 | Mt
DIS%=2161 b3 | 16.55 253 | 16.48 244 | 17.28 2.86
DI 1%=2.886
DLO1% 3778 b4 | 1624 222 | 1559 155 | 16.29 1.88
2024 bs | 1517 1.14 | 15.05™ 1.01 | 1525™ 0.84
al-DARVAS a2-DESEDA a3-TATRY
B — R — w — O b6 14.03 | Mt 14.04 | Mt 1441 | Mt
g =} 5} g 9 =} S
= RS 5 S 5 2 5 DI 5%=0.161
> 2 £ 2 £ 2 £
= 2 = o
s 5 s A 5 = DI 1%=0.216
bl | 7225~ | 3184 | 7085 | 31.27 | 6241 | 21.58 DI0.1%- 0282
b2 | 85.79" | 4538 | 7943 | 39.85 | 74.25"" 3343 2024
b3 | 63.22 | 22.81 | 59827 | 2023 | 6014 1931
b4 | 5386 | 1345 | 51.00 | 1141 | 5370~ 12.89 al-DARVAS a2-DESEDA a3-TATRY
b5 | 48.65 824 | 4535 5.76 | 47.06 6.23 Z B 3 B
b6 4041 | Mt 39.59 | Mt 40.82 | Mt E e 5 2z 5 2z 5
DI 5%=3.101 > s 5 8 s 5 5 s 5 5
o= 3. >~ L= >~ L= >~ L=
DI 1%=4.243 a a a
DIO.1%=5811 _ _ _ bl | 1864 | 142 | 17.82" | 346 | 18.36™ 2.40
[*- very significant; " - distinctly significant, - significant|
b2 | 19.027 | 1.80 | 18487 | 4.12 | 18.45™" 249
Sugar content b3 | 1835 113 | 1750 [ 3.14 | 18.09" 2.13
In 2023, the highest mean sugar content at the b4 1760 | 038 | 1600 | 256 | 18.05 209
treatment level was recorded for the Tatry
. . . b5 1744 | 022 | 15.86 150 | 17.33 1.37
hybrid fertilized with 20 t/ha of farmyard
manure combined with 150 kg/ha N, 150 kg/ha b6 1722 | Mt 14.36 | Mt 1596 | Mt
P, and 150 kg/ha K (a3b2), reaching a value of DI 5%=0.493
18.27%. All analyzed hybrids under the five DI 1%=0.658
fertilization treatments showed very significant DI 0.1%=0.862
"_ very significant; "~ distinctly significant, - significan(

differences compared to their corresponding
unfertilized control (Table 5).

In 2024, the highest mean sugar content was
observed for the Darvas hybrid fertilized with 20
t’/ha of farmyard manure combined with 150
kg/ha N, 150 kg/ha P, and 150 kg/ha K (alb2),
with a value of 19.02% (Table 5).

The comparative analysis of the two
experimental years (2023 and 2024) revealed
that the majority of the differences in sugar

CONCLUSIONS

The results demonstrated that organo-mineral
fertilization had a positive effect on both the
morphological characteristics and productive
performance of sugar beet wunder the
ecopedological conditions of Covasna County.
The combined application of farmyard manure
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and mineral fertilizers improved root collar
dimensions, plant weight, storage root yield, and
sugar content compared with the unfertilized
control.

Among the studied fertilization schemes, the
application of 20 t/ha farmyard manure
combined with 150 kg/ha N, 150 kg/ha P, and
150 kg/ha K produced the most favorable
results. The highest values of the analyzed
parameters were consistently obtained by the
Darvas hybrid under this fertilization regime,
regardless of the study year.

Maximum storage root yield and sugar content
were achieved in the Darvas and Tatry hybrids
receiving the highest organo-mineral fertilizer
dose, confirming the beneficial interaction
between genotype and integrated nutrient
management.

Overall, the findings highlight the effectiveness
of organo-mineral fertilization as a sustainable
strategy for improving sugar beet productivity
and quality. The study contributes to the
optimization of fertilization practices under
local environmental conditions and supports the
wider adoption of integrated nutrient
management in sugar beet cultivation.

The obtained results demonstrate the synergy of
organo-mineral fertilization, which led to
significant improvements in morphological
traits and production parameters compared to
exclusive organic or mineral fertilization.

In this context, organo-mineral fertilization
represents an agronomically and economically
efficient solution for sugar beet cultivation,
contributing to increased yield, improved
economic efficiency, and enhanced practical
relevance for farmers.
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