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Abstract

Two field experiments were conducted during the
2021/2022 and 2022/2023 seasons at Mallawi
Research Station, EI-Minia Governorate, Egypt, to
investigate the effects of calcium and cobalt foliar
application on sugar beet quality under varying
irrigation regimes.

A split-plot design with three irrigation levels (full,
moderate stress, and severe stress) was used as the
main plots, while combinations of calcium (0, 4, and 8
kg/fed CaCly) and cobalt (0, 10, 20, and 30 ppm
CoCl,) treatments were assigned to subplots.

Results indicated that moderate water stress enhanced
sugar quality traits without compromising yield.
Calcium and cobalt significantly improved sucrose
content and sugar recovery, with optimal effects at
moderate rates. Interaction effects among irrigation,
calcium, and cobalt treatments were significant for
most traits.

The combination of moderate stress, 8 kg/fed calcium,
and 20 ppm cobalt produced the best overall quality.
20 ppm of cobalt chloride showed the greatest sugar
yield (5.14, and 5.11 ton/fed. for 1% and 2"
respectively).

These findings highlight the potential of nutrient
management to mitigate water stress effects on sugar
beet quality.
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chloride, irrigation stress, sugar recovery, quality index.
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Introduction

Sugar beet (Beta vulgaris L.) is a relatively new crop in
the Arab Republic of Egypt, introduced as a sugar
source in the mid-1990s. Since then, its cultivated area

has expanded rapidly, surpassing that of sugarcane and
reaching approximately 700,000 feddans in 2024.

About 65% of the total cultivation area (390,000
feddans) was concentrated in fertile old lands. El-
Minya Governorate alone cultivated 36,000 feddans on
old lands under flood irrigation, where sowing takes
place from mid-August to late December, with an
average Yyield of around 28.0 tons per feddan.

This system of irrigation poses several challenges,
including poor water control and an increased risk of
diseases. Soils in sugar beet-growing regions vary
widely in their water-holding capacity, making it
difficult to precisely determine seasonal water
requirements. Both over- and under-irrigation can
cause significant yield and quality losses. Additionally,
flood irrigation increases production costs, as more
than 80% of the irrigated area relies on diesel- or
electricity-powered  pumps  for  water lifting.
Consequently, irrigation management plays a critical
role in the net profit of sugar beet farming in these
regions.

Calcium, which constitutes approximately 3.64% of
the Earth’s crust (Lide, 2005), is an essential nutrient
for plant growth, with its soil content varying
according to soil type, parent material, and climatic
conditions. It occurs in different soil forms that vary in
their characteristics and plant availability. Within
plants, calcium plays vital roles, including contributing
to cell wall structure and enhancing cohesion (Hepler,
2005; White and Broadley, 2003), stimulating
enzymes, and promoting  meristematic  cell
development (Hirschi, 2004). It is crucial for cell
division, elongation, and photosynthesis, contributing
up to 60% of chloroplast composition (Hochmal et al.,
2015).

Calcium also supports root system growth, while its
deficiency leads to weak, short-lived roots susceptible
to rot (Marschner, 2012). Furthermore, it mitigates the
toxic effects of certain inorganic elements such as
sodium, cobalt, copper, and zinc (White, 2001). Cobalt
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(Co, atomic number 27) is a relatively rare transition
metal, comprising about 0.004% of the Earth’s crust.
Biologically, cobalt is essential for systems requiring
vitamin B12 (cobalamin), notably for Rhizobium
bacteria in legume root nodules to facilitate nitrogen
fixation (Dart and Day, 1971; Riley and Dilworth,
1985). While its necessity for most plant species
remains unconfirmed and deficiency symptoms are
rare, recent recognition by the European Parliament’s
Scientific Committee has classified cobalt as a plant
micronutrient, with studies highlighting its role in
enhancing physiological processes, yield, and quality
(Rady, 2011; Souri and Hatamian, 2019). Cobalt is
also an important major component of many enzymes,
and it also acts as an enzyme cofactor and it is safe to
use for humans, as the daily dose reaches 8.0 mg
without any health risks.

This study aims to evaluate an applied approach for
conserving irrigation water in sugar beet cultivation
through the combined influence of calcium and cobalt
supplementation.

Materials and Methods

Table 1. Some physical and chemical properties of the soil
at depths of 0-30 cm during 2021/ 2022 and 2022\ 2023
seasons.

Sand Silt Clay pH ECe CaCo® O.M

1% season 8.47 36.82 54.71 7.80 152 1.93 1.60

2 season 10.11 40.57 49.32 7.75 159 181 172

The experiment was conducted using a randomized
complete block design (RCBD) with three replicates,
adopting a strip-plot arrangement within a split-plot
structure. Three irrigation regimes were applied
vertically: full irrigation (I11: 8.0 irrigations, 4320
m?/fed.), one irrigation omitted (I2: 7.0 irrigations,
3860 md/fed.), and two irrigations omitted (I13: 6.0
irrigations, 3130 m3/fed.). Calcium chloride treatments
were applied horizontally as foliar sprays at three
levels: Ca; (0.0 kg/fed.), Caz (4.0 kg/fed.), and Cas (8.0
kg/fed.). Within each combination of irrigation and
calcium treatments, four cobalt levels were applied as
foliar sprays in the sub-plots: Col (0.0 ppm/fed.), Co-
(10.0 ppm/fed.), Cos (20.0 ppm/fed.), and Cos (30.0
ppm/fed.). Each plot occupied an area of 18 m2
consisting of five rows spaced 0.6 meters apart, with
each row measuring 6.0 meters in length.

Calcium and cobalt were applied as foliar sprays twice
during the growth period at 45 and 90 days after
sowing using a spray volume of 160 L/fed. Standard
agronomic practices such as manual weeding, thinning,

and fertilization with urea and potassium sulfate were
applied equally across all treatments.

The first three irrigations were done to all of the
experimental plots. The irrigation schedule was
gradually reduced according to the treatment plan. At
105 days after sowing, only the plots receiving full
irrigation were watered. Subsequently, two additional
irrigations were applied uniformly across all plots. In
mid-April, irrigation was limited to treatments 11 and
12. Twenty days later, a final irrigation was applied to
all plots, after which no further irrigation occurred until
harvest.

Measured Traits and Calculations

1- POL %: was determined by the ICUMSA
method (1994).

2- Potassium (K. meg/L)

3-  Sodium (Na. meg/L)

4- Alfa amino nitrogen (a-N) was determined
according to Brown and Lilliand (1964)
using Auto-Analyzer (type Zig Verems
Automation) by Abou-Korkas Sugar
Company.

5- Sugar recovery: determined according to the
procedure of Abou-Korkas Sugar
Company described by Saparonova, et
al.; 1979 by the following equation: -

(pol —0.29) — 0.343 (K + Na) — alpha amino N (0.094)

6- Quality index (Qz): was calculated according
to Cook and Scott (1993) by the
following equation: -

(Sugar recovery % x 100) / Pol %).

7- Sugar yield (ton/fed.)

Statistical analysis was performed using ANOVA, and
mean differences were tested using LSD at the 5%
level.

Results and Discussion

Sucrose Content (POL %)

Irrigation levels significantly impacted POL% in both
seasons. In the first season, the highest POL% was
recorded under moderate stress (12), followed by full
irrigation (11), while severe stress (13) was the lowest.
In the second season, 11 and 12 were statistically
similar but significantly higher than 13. This aligns
with Pidgeon et al. (2000), who reported enhanced
sugar content under moderate water stress due to better
partitioning of assimilates to roots.
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Conversely, severe drought likely reduced sugar
accumulation via inhibited photosynthesis, enzyme
activity, and sugar transport (Ober and LeBrocq,
2002).

Calcium significantly enhanced POL% in both
seasons. The increase was proportional to CaCy
concentration, with Cas giving the highest values.
Differences between Ca; and Ca, were not significant
in the first season. These improvements are attributed
to calcium's role in membrane stability, enzyme
activity, and sugar translocation (Awasthi and Lal,
2009; Artyszak et al., 2014).

Table 2.

Moreover, calcium enhances cellular function under
stress by regulating calmodulin activity and
maintaining membrane permeability (White and
Broadley, 2003).

Cobalt chloride also significantly influenced POL%,
with 20 ppm (Cos) giving the highest values across
both seasons. 10 ppm (Coz) was comparable to Cos in
the first season. Higher concentrations (30 ppm) and
the control (0 ppm) gave lower values, aligning with
Gad (2005). Cobalt at optimal concentrations enhances
chlorophyll content and nitrogen metabolism,
improving assimilate formation and allocation.

Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their

interactions on POL % of sugar beet during 2021/2022, and 2022/2023 seasons.

. 2021-2022 season 2022-2023 season
é ? Sﬁlgr'ﬁjn; Cobalt chloride(ppm.fed) < Cobalt chloride(ppm.fed?) <
5E (Caikgfed®) 00 100 20.0 300 £ |00 100 200 300 2
EQ (Coy) (Coz) (Cos) (Cos) (Co1) (Coz) (Cos) (Coa)
0.0 (Cay) 1531 16.41 14.42 1451 15.16 1490 14.60 1450 14.60 14.65
g 4.0 (Cay) 16.79 1755 16.47 16.66 16.87 14.80 14.60 15.35 14.65 14.85
E 8.0 (Cay) 15.25 15.69 17.04 13.39 15.34 1441 16.15 16.95 15.95 16.05
Mean 15.78 16.55 15.98 14.85 1579 1495 15.12 15.60 15.07 15.18
g 0.0 (Cay) 1540 17.05 15.92 13.78 1554 15.60 1475 1495 15.25 15.14
% 4.0 (Cay) 15.44 16.65 16.74 16.51 16.33 1565 1475 1565 15.90 15.49
g 8.0 (Cay) 1747 1523 17.47 16.82 16.75 14.85 1520 1555 15.75 15.34
Mean 16.10 16.31 16.71 15.70 16.21 15.37 1490 15.38 15.63 15.32
= 0.0 (Cay) 13.12 1446 14.44 14.72 14.18 12.78 14.03 13.23 13.78 13.45
g 4.0 (Cay) 1495 1476 16.08 16.30 1552 1473 13.83 14.78 14.13 14.37
g 8.0 (Cay) 15.14 16.21 15.67 16.02 15.76 1298 1458 14.83 13.87 14.07
Mean 1440 15.14 1540 15.68 15.15 1350 14.15 14.28 13.93 13.96
S 0.0 (Cay) 1461 1597 1493 14.34 1496 1443 1446 1423 1454 14.41
@ 4.0 (Cay) 15.72 16.32 16.43 16.49 16.24 15.06 1439 15.26 14.89 14.90
é 8 8.0 (Cag) 1595 1571 16.73 1541 1595 1433 15.31 15.78 15.19 15.15
Mean 15.43 16.00 16.03 1541 1460 14.72 15.09 14.88
Ftest LSDogs Ftest LSDo.os
| * 0.36 * 0.26
Ca * 0.30 * 0.23
I x Ca 0.52 0.41
Co 0.35 0.27
I xCo * 0.60 * 0.47
CaxCo * 0.60 * 0.47
IxCaxCo * 1.04 ns --
=
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Significant interactions (I x Ca, | x Co, Ca x Co)
occurred in both seasons, with the best performance
under CasCos. A second-order interaction (I x Ca x
Co) was significant in the first season only, with
11Ca3Cos and 12Ca3Cos among the highest performers,
confirming the synergistic effects of micronutrient and
water management.

Sodium Content (meg/L)

Sodium levels in sugar beet showed minimal variation
across irrigation treatments in both seasons, indicating

a limited effect of irrigation on sodium accumulation.
However, calcium chloride application had a clear
influence. In the first season, higher calcium levels
significantly reduced sodium content, suggesting an
antagonistic relationship between Ca?* and Na*. This
trend aligns with previous studies highlighting
calcium’s role in limiting sodium uptake by stabilizing
cell membranes and competing at the root level. In the
second season, the pattern shifted slightly, with
moderate calcium application (Caz) leading to the
highest sodium content, possibly due to improved root
activity, while excessive calcium (Cas) may have
disrupted ionic balance.

Table 3. Effect of irrigation regimes (1), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on sodium (meq.L™) of sugar beet during 2021/2022, and 2022/2023 seasons.

Calcium 2021-2022 season 2022-2023 season
:;g?riggf(‘l) chloride (C8) ™ - pyait chioride(ppm.fed) = | Cobalt chloride(ppm fec) =
(kg.fed)) 0.0 10.0 20.0 30.0 ] 0.0 10.0 20.0 30.0 £
(Co1))  (Coz) (Cos) (Cos) (Co1)  (Co2) (Cos) (Cos)
0.0 (Cay) 251 211 2.69 2.02 233 520 5.49 5.30 4.44 5.11
g 4.0 (Caz) 2.53 2.10 3.50 243 2.64 498 5.86 4.87 4.85 5.14
L__f 8.0 (Cas) 2.26 2.27 1.81 2.55 222 503 5.83 4.76 4.61 4.99
Mean 2.43 2.16 2.66 2.33 240 498 5.73 4.98 4.63 5.08
g 0.0 (Ca) 2.75 2.64 1.97 3.12 2.62 4.89 4.64 5.50 4.56 4.90
% 4.0 (Caz) 2.50 141 1.89 1.68 187 5.10 5.17 5.10 6.13 5.37
§ 8.0 (Cas) 1.46 2.47 1.46 1.49 172 4091 4.95 5.15 4.67 4,92
Mean 2.23 2.17 1.77 2.10 2.07 497 4,92 5.25 5.12 5.06
g 0.0 (Caz) 3.16 2.16 2.66 1.85 245 439 5.11 5.68 5.13 5.08
% 4.0 (Caz) 2.86 2.78 1.67 151 220 532 5.54 4.65 4.86 5.09
§ 8.0 (Cas) 197 1.50 2.64 2.36 212 553 4.85 4.89 4.42 4.92
Mean 2.66 2.15 2.32 1.90 2.26  5.08 5.16 5.07 4.80 5.03
& 0.0 (Cay) 2.80 2.30 2.44 2.33 247 483 5.08 5.49 471 5.03
‘g 4.0 (Caz) 2.63 2.10 2.35 1.87 224 513 5.52 4.87 5.28 5.20
g 8.0 (Cas) 1.89 208 197 213 202 506 521 493 457 4.94
Mean 244 216 225 211 501 527 510 4585
Ftest  LSDo.os Ftest  LSDo.os
| ns -- ns --
Ca * 0.26 * 0.16
I x Ca * 0.45 ns --
Co ns -- ns --
I x Co ns -- ns --
CaxCo ns -- * 0.33
I xCaxCo ns -- ns --
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A significant calcium x irrigation interaction was
observed in the first season, where calcium was most
effective in reducing sodium content under moderate
irrigation (12). Cobalt alone and its interaction with
irrigation had no significant effect on sodium levels.
However, in the second season, a calcium x cobalt
interaction emerged: spraying 20 ppm cobalt increased
sodium under no calcium, but significantly reduced it
when combined with moderate calcium levels,

suggesting a synergistic effect. No significant three-
way interactions (irrigation x calcium x cobalt) were
found in either season.

Potassium content (meg/L)

None of the studied factors, either individually or in
combination, had a significant effect on potassium
content.

Table 4. Effect of irrigation regimes (1), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on potassium (meq.L™?) of sugar beet during 2021/2022, and 2022/2023 seasons.

2021-2022 season 2022-2023 season
Irrigation g?llgrlludrz Cobalt chloride(ppm.fed?) < Cobalt chloride(ppm.fed?) 2
regimes () caafed) 00 100 200 300 5 |00 100 200 300 >
(Co1) (Coz) (Cos) (Cos) (Co1) (Coz) (Cos) (Cogs)
0.0 (Cay) 346 396 437 3.82 390 308 271 350 3.25 3.13
g 4.0 (Cap) 3.67 3.05 341 4.26 360 289 350 245 350 3.08
E 8.0 (Cas) 3.88 342 367 3.89 371 316 317 277 261 2.86
Mean 3.67 347 381 399 374 296 313 291 312 3.03
= 0.0 (Cay) 432 434 357 3.63 396 345 278 375 280 3.19
% 4.0 (Cap) 391 429 416 4.01 409 366 347 3.66 3.46 3.56
g 8.0 (Cag) 462 369 462 4.36 432 299 297 347 3.07 3.12
Mean 428 410 412 4.00 413 337 307 363 311 3.29
> 0.0 (Cay) 353 291 335 372 338 303 333 277 343 3.14
g 4.0 (Cap) 3.04 354 403 438 375 326 3.00 292 296 3.04
g’ 8.0 (Cas) 445 426 351 3.89 403 282 323 318 287 3.02
Mean 3.67 357 363 3.99 372 304 319 295 3.09 3.07
< 0.0(Caj) 3.77 373 376 3.72 375 319 294 334 3.16 3.16
&(-; 4.0 (Cap) 354 362 387 421 381 327 332 301 331 3.23
§ 8.0 (Cas) 431 379 393 4.04 402 290 312 314 285 3.00
Mean 387 372 38 399 312 313 316 3.10
Ftest LSDoos Ftest LSDo.os
I ns -- ns --
Ca ns -- ns --
I x Ca ns -- ns --
Co ns -- ns --
I x Co ns -- ns --
CaxCo ns -- ns --
I xCaxCo ns -- ns --
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Alfa amino nitrogen (meq.L-1)

Irrigation significantly affected a-N. Both I1 and I3
recorded higher values than 12 in both seasons,
suggesting stress-induced accumulation of amino
compounds (Bethke et al, 2007; Kenter and
Hoffmann, 2006). Under full irrigation, enhanced

metabolic activity may lead to greater nitrogen

assimilation, while under severe stress, plants
accumulate amino acids as osmo-protectants. Calcium
had a significant effect only in the first season. a-N
content decreased with increasing CaCp, with Ca; >
Ca, > Cas. This may be due to reduced amino acid
transport under high calcium levels (White and
Broadley, 2003) or reduced ethylene-mediated stress
signaling (Bangerth, 1979).

Table 5. Effect of irrigation regimes (1), calcium chloride (Ca), cobalt chloride (Co), and their interactions on
alpha amino nitrogen (meg.L 1) of sugar beet during 2021/2022, and 2022/2023 seasons.

2021-2022 season

2022-2023 season

Irrigation fﬁ'g:fdl‘ Cobalt chloride(ppm.fed?) Z  Cobalt chloride(ppm.fed?) Z
regimes () cakofed) 00 100 200 300 £ 00 100 200 300 2
(Co1) (Coz) (Cos) (Coa) (Coy) (Coz) (Cos) (Cog)
0.0 (Cay) 550 3.68 471 529 479 251 152 205 239 2.12
= 40(Ca;) 440 364 501 512 454 209 233 180 210 2.08
S 80(Ca) 513 421 465 461 465 198 184 235 211 2.14
Mean 501 384 479 5.00 466 229 190 207 220 211
~ 0.0 (Cay) 398 361 478 556 448 211 189 180 174 1.88
E 4.0 (Cap) 440 385 382 3.90 399 187 192 187 212 1.94
o
g 80(Ca) 312 503 312 363 372 217 186 200 185 1.97
Mean 383 416 390 4.36 407 205 189 1.89 1.90 1.93
= 0.0 (Cay) 575 5.08 490 452 506 215 160 203 202 1.95
\g 4.0 (Cay) 445 532 444 463 471 221 193 247 2.06 2.17
g 8.0 (Cay) 298 407 472 407 396 189 203 213 2.08 2.03
Mean 439 482 469 441 458 208 185 221 205 2.05
< 00(Ca) 508 412 479 512 478 225 167 196 205 1.98
% 4.0 (Cap) 442 427 442 455 441 205 206 205 2.09 2.06
§ 8.0 (Cay) 3.74 444 416 4.10 411 211 191 216 201 2.05
Mean 441 428 446 459 214 188 205 2.05
Ftest LSDoos Ftest LSDo.os
| * 0.12 * 0.07
Ca * 0.26 ns --
I x Ca * 0.45 ns --
Co ns -- * 0.15
I x Co ns -- ns --
CaxCo ns -- ns --
I xCaxCo ns -- ns --
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Cobalt had no significant effect in the first season, but
in the second season, Co, reduced a-N, while Cos and
Cos had higher, comparable values. This indicates a
non-linear response and aligns with Gad (2005), who
noted cobalt's dual role in enhancing or inhibiting
nitrogen metabolism based on dose.Interactions (I x
Co, Ca x Co, | x Ca x Co) were not significant in

Sugar Recovery (%)

Irrigation significantly influenced sugar recovery. 12
gave the highest values in the first season. In the
second, 11 and 12 were similar and superior to 13.
These findings support Hoffmann and Kluge-Severin
(2010) and Bassirirad (2000), who noted that moderate
stress enhances sugar concentration by reducing

either season.

Table 6.

dilution and improving source-sink relationships.

interactions on sugar recovery % of sugar beet during 2021/2022, and 2022/2023 seasons.

Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their

2021-2022 season

2022-2023 season

£ Calcium Cobalt chloride(ppm.fed) = Cobalt chloride(ppm.fed) =
5y chloride (Ca) % %
g (afed) 00 100 200 300 00 100 200 300
) (Co1) (Coz2) (Cos) (Coa) (Co1) (Co2) (Cos) (Coa)
0.0 (Cay) 1246 1369 11.26 11.72 1228 1153 1135 11.00 1145 11.33
4.0 (Ca) 1396 1515 13.34 1359 1401 1162 1088 1238 11.30 11.54
;:: 8.0 (Cas) 1237 13.06 14.43 10.45 1258 11.13 1260 1386 12.99 12.87
L.
Mean 1293 1397 13.01 1192 1296 1172 1161 1241 11091 11.91
0.0 (Ca) 1231 1403 13.28 10.65 1257 1225 1174 1132 1227 11.90
j:’ 4.0 (Ca) 1253 14.04 1401 13.90 13.62 1218 11.32 1218 1212 11.95
o
o
§' 8.0 (Cas) 1480 1236 14.80 14.18 1404 1165 12.02 1212 12.63 12.11
&)
Mean 13.22 1347 1403 1291 1341 1203 11.69 1187 1234 11.98
= 0.0 (Ca) 10.00 1195 1163 12.10 11.42 9.74 10.69 9.85 10.36 10.16
g 4.0 (Ca) 1221 1180 1342 13.56 1275 1129 1042 1166 10.96 11.08
§ 8.0 (Cas) 1237 1356 12.83 13.20 1299 9.65 11.32 1158 10.89 10.86
Mean 1153 1244 1262 12.95 1239 1023 1081 11.03 10.74 10.70
- 0.0 (Ca) 1159 1322 1206 11.49 12.09 1117 11.26 10.72 11.36 11.13
&(;—) 4.0 (Ca) 1290 13.66 1359 13.68 1346 11.70 10.87 12.07 1146 11.53
(%2}
§ 8.0 (Cas) 13.18 1299 14.02 1261 1320 1111 1198 1252 1217 11.94
=
Mean 1256 1329 1322 12.60 11.33 1137 11.77 11.66
Ftest  LSDo.os Ftest  LSDo.os
| * 0.40 * 0.33
Ca * 0.34 * 0.25
I xCa * 0.59 * 0.44
Co ns -- ns --
I xCo * 0.68 ns --
CaxCo * 0.68 ns --
I xCaxCo 1.17 1.17 ns --
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Calcium significantly improved sugar recovery in both
seasons. Caz and Cas were superior to Ca; in season
one, with Cas being best in season two.

Calcium enhances phloem loading, membrane
integrity, and enzymatic function (Marschner, 2012;
White and Broadley, 2003).

Cobalt effects were not statistically significant, but Co,
and Cos showed numerical improvements. These may
relate to increased antioxidative capacity and improved
metabolic stability under stress (Kiran et al., 2010).

Significant interactions were found for | x Ca and | x
Co, particularly under 12. Ca x Co was significant in
season one. The second-order interaction showed that
11Ca;Co, and 12CasCos; were among the best
combinations.

Quiality Index (Qz)

No significant differences in Qz were recorded among
irrigation treatments in season one. In season two, 11
and 12 outperformed 13. This indicates tolerance to
moderate stress, consistent with Ober and Luterbacher
(2002) and Tarkalson et al. (2014).

Table 7. Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their interactions on quality index

(Qz) of sugar beet during 2021/2022, and 2022/2023 seasons.

= 2021-2022 season 2022-2023 season
% Calcium Cobalt chloride(ppm.fed) = Cobalt chloride(ppm.fed) =
o chloride (Ca) 3 @
[ -1
k5 (kg-fed™) 00 100 200 300 ® 00 100 200 300 >
S (Co1) (Coz2) (Cos) (Coa) (Co1) (Co2) (Cos) (Coa)
0.0 (Cay) 81.31 8342 77.79 80.77 80.82 7741 7773 75.83 7841 77.35
- 4.0 (Cay) 83.19 86.21 8097 8154 8297 7850 7452 80.62 77.02 77.67
= 8.0(Cag) 81.02 8322 8470 78.11 8176 7714 78.01 8172 81.46 80.13
LL
Mean 81.84 8428 8115 80.14 8185 7842 76.75 79.39 78.96 78.38
0.0 (Ca) 7994 8214 8342 77.26 80.69 7836 7958 7571 80.48 78.53
g 4.0 (Ca) 8121 8434 83.73 84.22 8338 7784 7674 7784 76.24 77.17
(5
o
o
= 8.0 (Cas) 84.72 8113 84.71 84.34 83.72 7845 79.02 7792 80.23 78.90
a
Mean 8196 8253 8395 8194 82.60 7822 7845 77.16 78.98 78.20
0.0 (Ca1) 75.77 82.66 80.50 82.15 80.27 76.23 76.21 7446 75.21 75.53
g 4.0 (Ca) 8173 7997 8337 8311 82.04 76.63 7540 7890 77.59 77.13
o
S
= 8.0 (Cas) 8167 83.65 8186 8241 8240 7434 7770 78.01 78.43 77.12
a
Mean 79.72 8210 8191 8256 8157 7573 7644 7712 77.08 76.59
0.0 (Ca1) 79.01 82,74 80.57 80.06 80.60 7733 77.84 7533 78.04 77.14
8 4.0 (Ca) 82.04 8351 8269 8295 8280 77.66 7555 79.12 76.95 77.32
G
é 8.0 (Cas) 82.47 82.67 8376 81.62 82.63 77.38 7824 79.22 80.04 78.72
[«5)
=
Mean 81.17 8297 8234 8155 7746 7721 77.89 78.34
Ftest  LSDo.os Ftest  LSDo.os
| ns -- * 0.91
Ca * 0.81 * 0.73
I xCa ns -- * 1.27
Co ns -- ns --
I xCo * 1.63 ns --
CaxCo ns -- ns --
I x Ca xCo * 2.82 ns --

EKB



Teama et al

Egyptian Sugar Journal

Calcium significantly improved Qz in both seasons,
with Cas giving the highest values, especially in the
second season (Hepler, 2005). The beneficial effect is
due to calcium’s structural role and its effect on
reducing sugar losses.

Cobalt had no significant effects, but moderate doses
(Co,, Cos) showed numerical increases, possibly due to
improved enzyme activity and stress mitigation (Palit
etal., 1994).

Interaction | x Ca was significant only in the second
season. | x Co was significant in season one, with
11Co, and 12Cos performing best. The three-way
interaction (I x Ca x Co) was significant only in season
one, with 11Ca;Co; and 12CasCos among the best
combinations.

Sugar Yield (tons/fed)

Sugar yield is a key economic trait in sugar beet
production, representing the amount of extractable
sugar per unit area. It is a function of both root yield
and sucrose concentration. Enhancing sugar yield is
essential to maximize land productivity and sugar
industry profitability.

Agronomic  interventions, including  optimized
irrigation, calcium, and cobalt applications, play a
crucial role in  modulating physiological and
biochemical  pathways that influence  sugar
accumulation and partitioning.

According to Ober and Luterbacher (2002), sugar yield
reflects the integration of genetic potential and
environmental adaptation, particularly under abiotic
stress conditions.

Sugar yield was significantly influenced by irrigation.
Full irrigation (11) and moderate water stress (12)
produced the highest sugar yields, with no significant
difference between them in the second season. Severe
stress (13) significantly reduced yield in both seasons.

These results corroborate Jaggard et al. (2010) and
Hergert et al. (2015), emphasizing sugar beet’s
tolerance to moderate stress and its susceptibility to
severe drought. Water deficit reduces leaf area,
photosynthetic activity, and assimilate transport to
roots (Gzik, 1996; Zhang et al., 2013).

Calcium application significantly increased sugar
yield. Cas showed superior performance in both
seasons, likely due to enhanced cell wall strength, root
elongation, and sugar translocation (Marschner, 2012;
Cakmak, 2005).

Calcium also improves nutrient uptake and root
growth, especially under water stress (Shaaban et al.,
2011).

Cobalt chloride had a marked positive effect on sugar
yield. The 20 ppm treatment (Cos) produced the
highest values, supporting the idea that cobalt at
moderate levels boosts chlorophyll synthesis, nitrogen
metabolism, and stress resilience (Gad and Ismail,
2011; Yadav et al., 2011; Rao and Rao, 1981).

However, excessive levels can induce oxidative stress
and diminish returns (Palit et al., 1994).

Irrigation x Cobalt interaction was significant. Under
moderate stress (12), 20 ppm cobalt (12Cos) gave the
best sugar yield (5.96 t/fed in the first season).

Severe stress diminished cobalt’s effectiveness,
reflecting cobalt’s role in mitigating stress up to a
physiological threshold (Nair and Kuttan, 2004).

Calcium x  Cobalt interaction showed that
combinations such as Ca;Co; and CasCos yielded the
highest outputs, confirming synergism between
structural stability (Ca) and metabolic enhancement
(Co).

The three-way interaction (I x Ca x Co) was
significant in both seasons. 12CasCos gave the highest
yield (6.70 t/fed), illustrating the buffering capacity of
optimal nutrition under moderate water stress.

These combinations optimized photosynthesis,
assimilate partitioning, and root performance. Similar
benefits of micronutrient synergy under stress were
reported by Ali et al. (2016) and El-Sayed et al. (2015).

These findings underline the importance of integrated
water and nutrient management in sugar beet
cultivation, where fine-tuning calcium and cobalt under
controlled irrigation can sustain high sugar
productivity even under suboptimal environmental
conditions.
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Table 8. Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on sugar yield (tons.fed?) of sugar beet during 2021/2022, and 2022/2023 seasons.

2021-2022 season 2022-2023 season

Calcium
Irrigation  ¢hloride (C)  copalt chloride (ppm.fed™) =z  Cobalt chloride (ppm.fed™) z
om0 gfeay 00 100 200 300 £ 00 100 200 300 &
(Co1) (Coz) (Cos) (Cos) (Co1) (Coz) (Cos) (Cos)
0.0(Ca;)) 499 554 453 437 486 525 519 539 367 4.88
4.0 (Cayp) 532 6.01 540 542 553 428 477 493 575 4.93
:H 80(Cas) 530 522 6.06 503 540 412 534 556 553 5.60
>
LL
Mean 520 559 533 494 526 5.17 510 530 4098 5.14
0.0(Ca;) 433 523 457 366 445 343 413 4.08 4.14 3.94
g 4.0(Ca;) 4.17 518 6.61 6.12 552 506 526 6.11 644 5.72
2
8_ 80(Cas) 490 518 6.70 4.66 536 471 6.29 522 525 5.37
5
Mean 446 520 596 481 511 440 523 514 528 5.01
00(Ca;) 290 354 312 319 319 262 386 411 3.60 3.55
g 4.0 (Cay) 345 3.89 467 391 398 268 258 544 337 3.52
o
g_ 8.0 (Cas) 347 435 463 491 434 288 421 511 431 4.13
a
Mean 3.27 393 414 4.00 3.84 273 355 489 376 3.73
0.0 (Cay) 407 477 4.07 374 416 377 439 453 3.80 412
8 40(Ca;) 431 503 556 515 501 401 420 549 5.19 472
o
% 80(Cas) 455 492 580 487 503 453 528 530 5.03 5.03
=
Mean 431 490 514 458 410 463 511 4.67
Ftest LSDo.os Ftest LSDoos
| * 0.10 * 0.13
Ca * 0.06 * 0.12
I x Ca * 0.11 * 0.21
Co * 0.07 * 0.14
I xCo * 0.12 * 0.24
CaxCo * 0.12 * 0.24
IxCaxCo * 0.21 * 0.42
= 10
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Conclusion

Moderate irrigation stress combined with foliar
applications of calcium and cobalt significantly
improved sugar beet quality traits. The best results
were achieved under 12CazCos treatment. These results
suggest that proper nutrient supplementation can
partially offset the negative impacts of water stress.

Recommendation

To improve sugar beet quality under limited water
availability, foliar application of 8 kg/fed calcium
chloride and 20 ppm cobalt chloride is recommended,
particularly under moderate irrigation conditions.
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