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Abstract

Two field experiments were conducted during the 2021-
2022 and 2022-2023 seasons at Mallawi Research Station,
Minya, Egypt, to evaluate the effect of foliar applications of
calcium chloride and cobalt chloride on sugar beet yields
under different irrigation regimes. A split-plot design with
three replicates was used, where irrigation regimes (full
irrigation, one omitted irrigation, and two omitted
irrigations) were assigned to the main plots, while subplots
were foliarly applied with calcium chloride 0,0 4,0, and 8.0
kg/fed. (1.0 fed. = 4200 m?) and cobalt chloride (0, 10, 20,
and 30 ppm). Growth and yield components, including root
length, diameter, weight, root-to-shoot ratio, and root and
sugar yields, were evaluated.

Results showed that moderate water stress (after a single
irrigation) with calcium and cobalt supplementation
significantly improved root growth and sugar vyield
compared to full irrigation alone. Calcium chloride
improved root elongation, root thickness, and root-to-shoot
ratio, with the highest results recorded at 8.0 kg/fed. Cobalt
chloride at 20 ppm improved root weight and sugar yield,
while higher concentrations reduced performance. The best
combination was moderate irrigation with 8.0 kg of calcium
chloride and 20 ppm cobalt, which improved sugar yield
(6.70 ton/fed.) and root performance. Severe stress
significantly reduced yield, even with nutrient supplements.

Overall, the results highlight that the integrated
application of calcium and cobalt under moderate water
stress can enhance sugar beet productivity while reducing
irrigation requirements, providing a practical strategy for
water-efficient agriculture in arid regions.
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Introduction

Sugar beet (Beta vulgaris L.) is a relatively recent
crop in Egypt, introduced in the mid-1990s as a
strategic source of sugar. Its cultivated area has
expanded rapidly, now exceeding 700,000 feddans
(USDA, 2024). According to the annual report on
sugar crops and sugar production in Egypt; about 65%
of the total area is concentrated in fertile old lands
under flood irrigation. EI-Minya Governorate in 2024
cultivated approximately 36,000 feddans in old lands,
yielding about 28 tons per feddan on average., Sugar
beet cultivation under flood irrigation faces serious
challenges, particularly inefficient water management,
increased susceptibility to root rot, and high production
costs due to reliance on water-lifting machines.
Optimizing irrigation practices is therefore crucial for
sustaining yield and economic viability.

Nutrient management plays a pivotal role in
improving crop performance under water-limited
conditions. Calcium is a vital macronutrient involved
in plant structural integrity, enzyme activation, and
photosynthesis. It strengthens cell walls, supports root
development, and reduces the toxic effects of elements
like sodium and heavy metals (White and Broadley,
2003, Hepler, 2005, and Marschner, 2012).

Calcium chloride (CaCl,) functions as a potent bio
stimulant, enhancing plant health and resilience by
acting on key physiological processes. It significantly
boosts  photosynthetic  capacity by increasing
chlorophyll content and improving gas exchange
parameters like stomatal conductance, transpiration
rate, and net photosynthetic rate. Concurrently, CaCl,
strengthens the plant's antioxidant defense system,
inducing protective enzyme activities that reduce
reactive oxygen species (ROS) and minimize oxidative
damage to cell membranes. This dual action of
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promoting energy production while mitigating cellular
stress supports overall growth, improves metabolic
health by accumulating osmolytes like proline and
sugars, and enhances the plant's ability to withstand
environmental challenges (Xu et al., 2013, Zhang et
al., 2019, and Li et al., 2022).

Cobalt, though present in small amounts, is
increasingly recognized as a beneficial micronutrient,
especially under stress conditions. It enhances plant
growth by supporting enzyme activity, reducing
salinity damage, and preserving growth hormones such
as auxin. While cobalt is essential for nitrogen fixation
in legumes, recent studies also highlight its broader
role in improving yield and quality in other crops
(Rady, 2011, Souri & Hatamian, 2019, Zhang et al.
2021, and Elshamly & Nassar, 2023).

Given the dual challenges of water scarcity and the
need for improved crop productivity, this study aimed
to develop a practical strategy for rationalizing water
use in sugar beet cultivation under flood irrigation in
old lands, without reducing crop productivity. The
proposed approach involved applying selected
compounds known to enhance plant physiological
traits, thereby improving the crop’s tolerance to water
stress while sustaining yield levels.

Materials and Methods

Experimental Site and Preparation

Two field experiments were conducted at the
Mallawi Research Station, located in EIl-Minia
Governorate, Egypt, during the 2021/2022 and
2022/2023 growing seasons. The study aimed to
investigate the influence of foliar-applied by calcium
chloride and cobalt chloride on selected yield-related
traits of sugar beet (Sahar var.) under varying irrigation
regimes. The experimental soil was classified as silty
clay loam (Table 1), and standard field preparation
procedures were followed, including plowing,
broadcasting 100 kg of granulated superphosphate
(15.5% P205), leveling, and planning at 60 cm between
rows.

Experimental Layout and Design

The experimental field was divided into 12 large
strips, each containing nine experimental plots. Each
experimental plot was 18.0 m2 (5.0 rows 6.0 m long).
Every four adjacent strips represented an independent
irrigation regime. To prevent water transfer between
regimes, each regime was surrounded by a 1.2 m
border. Two irrigation ditches were constructed within
each irrigation regime to facilitate equal water
distribution. Sowing was carried out in early November
in both seasons.

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

Parameter 2021/2022 2022/2023
Sand % 8.47 10.11
Silt % 36.82 40.57
Clay % 54.71 49.32
Organic Matter % 1.52 1.59
pH 7.93 7.81

The experiment was conducted using a randomized
complete block design (RCBD) with a split-plot
arrangement and three replications. The main plots
were assigned to three irrigation regimes: full irrigation
(I, 8 irrigations), one irrigation omitted (I., 7
irrigations), and two irrigations omitted (Is, 6
irrigations). Within each main plot, the sub-plots
received combinations of foliar applications of calcium
chloride at three levels (Ca:: 0.0 kg/fed., Ca.: 4.0
kg/fed., and Cas: 8.0 kg/fed.) and cobalt chloride at
four levels (Co.: 0.0 ppm/fed., Co:: 10.0 ppm/fed., Co
s: 20.0 ppm/fed., and Cos: 30.0 ppm/fed.), which were
randomly distributed. This arrangement resulted in a
total of 36 treatment combinations, replicated three
times, giving a total of 108 experimental plots. The
irrigation regimes were tested using the main plot error
term, while the effects of calcium chloride, cobalt
chloride, and their interactions were evaluated using
the sub-plot error term.
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Table 2: Climatic conditions of the experimental site in the two growing seasons.

2020/2021 2021/2022
Month Maximum Minimum Relative Maximum Minimum Relative
temperature  temperature  humidity | temperature  temperature  humidity
Nov 25.3 135 19.0 27.6 125 66.0
Dec 24.0 8.8 25.5 21.0 10.0 75.1
Jan 21.1 54 51.8 15.8 2.4 77.5
Feb 23.1 5.6 75.7 19.3 4.0 77.0
Mar 23.1 8.9 50.6 24.5 7.3 51.5
Apr 31.3 11.3 59.9 32.0 15.0 60.0
May 38.2 18.1 46.0 37.5 19.0 37.5
Jun 34.6 21.2 50.5 38.0 37.0 48.5

Note: Weather data collected from the meteorological station at Mallawi Research Station, EI-Minya

Governorate, Egypt

Crop Management and Irrigation Scheduling

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.

Irrigation was applied using a medium-lift pump
with a flow meter to monitor the volume of water
applied. Seasonal water use was calculated for each
regime. The first three irrigations were done to all of the
experimental plots. The irrigation schedule was
progressively reduced based on treatment:

e At 105 days: only full irrigation (I1) plots
were irrigated.

e Two additional irrigations were applied to all
plots.

e In mid-April, only I, and I, were irrigated.

e After 20 more days, all plots were irrigated
once more, with no further irrigation before
harvest.

Based on the collection of water quantities used to
irrigate each studied irrigation regime during the
season, the irrigation treatments can be defined as
follows:

* Is1- Full irrigation (8 irrigations) used a total
of 4,320 m3 of water.

* I~ One irrigation omitted (7 irrigations) used
3,860 m3 of water.

* I3~ Two irrigations omitted (6 irrigations)
used 3,130 m3 of water.

Data Collection and Measurements

At harvest, plants from the three central rows of
each sub-plot were uprooted and weighed to estimate
root yield (t/fed). Moreover, a sample of roots was
taken from each sub-plot the collected and separated
into roots and shoots. The following traits were
measured: root length (cm), root diameter (cm), single
root weight (kg), root/shoot ratio and root and sugar
yields (ton/fed.).

Data analyzed using MSTAT software. Mean
comparisons were performed using the Least
Significant Difference (LSD) test at a 5% significance
level (Gomez and Gomez, 1984)

Results and Discussion
1) Root Length (cm)

The data in Table 3 indicate that irrigation regimes
had no significant effect on root length in either season,
a finding that contradicts the results reported by Hani
and El-Henawi (2011). Calcium chloride application
had a significant impact on root length, but only in the
2" season. Treatment with 4 kg of calcium chloride
(Ca:) consistently produced the longest roots,
followed by 8 kg of calcium chloride (Cas), while
untreated plants (Ca.) recorded the shortest roots. The
enhancing effect of calcium can be attributed to its
pivotal role in regulating root system architecture.
Adequate calcium availability —promotes root
elongation by stimulating cell division and reducing
stress-induced damage. This is consistent with White
and Broadley (2003), who highlighted the essential
role of calcium in maintaining root integrity under
abiotic stress. Similarly, Rabb and Haq (2012)
demonstrated that calcium chloride improves most
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vegetative traits in tomato, while Mohammed and
Basla (2015) reported similar results in cowpea.

The interaction between irrigation regimes and
calcium levels was significant only in the 2" season.
Under sufficient water supply, root length decreased as
calcium levels increased. Conversely, under water-
deficit conditions, calcium application markedly
enhanced root length. This response may reflect
calcium’s function as a secondary messenger in
signaling pathways that regulate protective
mechanisms under water stress (Rudd and Franklin-
Tong, 2001; Tuteja, 2009).

The data presented in the same table shows that all
tested cobalt concentrations generally promoted root
length, except for the CO, treatment in the 2™ season,
where no significant difference was detected compared
with the control (CO.). Cobalt is recognized for its role
in modulating ethylene production and enzyme
activity; processes that strongly influence root growth,
particularly under stress conditions. Consistent with
this, Palit et al. (1994) reported that cobalt application
improved root growth and enhanced stress tolerance in
legumes, findings that are in agreement with the
current results in sugar beet.

The interaction between irrigation regimes and
cobalt concentrations was significant in both seasons.
Under full irrigation (I1), root length increased with
cobalt application, except at 20 ppm. Under moderate
irrigation stress (l:), differences among treatments
were less pronounced, although the control exhibited
significantly shorter roots compared to the highest
cobalt concentration (Co.). Under severe stress (Is),
the 10-ppm cobalt treatment (Co:) produced the
longest roots, while other treatments showed relatively
small differences. These consistent results across both
seasons suggest that cobalt supplementation helps
mitigate the adverse effects of water deficit, possibly
by activating stress-related enzymes and modulating
hormonal responses, as proposed by Gad (2005).

The calcium x cobalt interaction was also significant
in both seasons. In the absence of calcium, 10 ppm
cobalt (Co:) produced the longest roots, whereas in
combination with 4 kg CaCl. (Ca-:), it resulted in the
shortest roots. Increasing the calcium level to 8 kg (Ca
s) masked the effect of cobalt in the 1% season, while
in the 2" season; 10 ppm cobalt again exerted a
positive effect.
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Table 3: Effect of irrigation regimes (1), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on root length (cm) of sugar beet during 2021/2022, and 2022/2023 seasons.

. 2021-2022 season 2022-2023 season
Irrigation Srﬁlg;?dn; Cobalt chIoEide Cobalt chlogide
regimes (1) (Ca) (ppm.fed?) c (ppm.fed?) c
(kg.fed) 0.0 10.0 20.0 30.0 O 0.0 10.0 20.0 30.0 ©
(Coy) (Coy) (Cos) (Cos) = (Coy) (Coy) (Cos) (Cos) =
=~ 0.0 (Cay) 31.0 30.5 38.3 37.8 34.4 40.5 39.8 43.3 42.0 41.4
|_:|_’ = 4.0 (Cap) 34.5 34.0 40.5 38.3 36.8 40.0 40.5 34.8 48.0 40.8
8.0 (Cas) 35.8 325 355 35.8 34.9 395 435 395 34.3 39.2
Mean 33.8 32.3 38.1 37.3 35.4 40.0 41.3 39.2 414 40.5
a 0.0 (Cay) 27.8 41.3 325 355 34.3 40.8 36.5 345 39.3 37.8
o § = 40(Ca2) | 370 285 343 38.8 346 | 395 375 518 458 | 436
a 8.0 (Cas) 345 32.3 345 36.5 34.4 40.3 50.5 40.3 42.5 43.4
Mean 33.1 34.0 33.8 36.9 34.4 40.2 415 42.2 425 416
o 0.0 (Cay) 33.8 36.8 33.0 31.3 33.7 36.0 48.5 36.3 36.8 394
o § = 40(Caz) | 303 383 350 37.3 352 | 458 364 420 471 | 428
o 8.0 (Cas) 26.3 39.5 36.0 32.3 335 41.0 45.8 40.8 415 42.3
Mean 30.1 38.2 34.7 33.6 34.1 40.9 43.5 39.7 41.8 415
@ 4= 0.0 (Cay) 30.8 36.2 34.6 34.8 34.1 39.1 416 38.0 39.3 395
< 2 S 40(Ca2) | 339 336 366 381 | 355 | 418 381 428 470 | 424
8.0 (Cas) 32.2 34.8 35.3 34.8 34.3 40.3 46.6 40.2 39.4 41.6
Mean 32.3 34.8 355 35.9 40.4 42.1 40.4 41.9
Ftest L.SDo.0s Ftest LSDo.os
| ns - ns --
Ca ns -- * 0.62
I x Ca ns -- * 1.07
Co * 2.14 * 0.71
I x Co * 3.70 * 1.23
CaxCo * 0.80 * 1.23
I x CaxCo ns -- ns -

2) Root Diameter (cm)

The tested irrigation regimes did not exert
statistically significant effects on root diameter in
either season (Table 4), indicating that this trait
remains relatively stable under the studied range of
water availability. In contrast, calcium chloride
application had a significant influence on root
diameter across both seasons. Notably, the
intermediate calcium level (Caz) produced thinner
roots compared to both the control (Ca:) and the
higher application rate (Cas), reflecting a non-linear
dose response pattern. This outcome may suggest the
presence of a threshold level of calcium, beyond
which its role in structural reinforcement and osmotic
regulation becomes more effective.

No significant effects of cobalt chloride
concentrations were observed independently in either
season. Nonetheless, slight improvements in

root diameter were noted under moderate cobalt
doses (10 and 20 ppm) compared to other levels.

The irrigation x cobalt interaction was significant
in the 2" season. Under light stress (I2), roots treated
with 10 or 20 ppm cobalt were generally thicker,
while under severe stress (ls), root diameter increased
with increasing cobalt concentrations. These
outcomes suggest that cobalt’s physiological role in
nitrogen assimilation and ethylene modulation may
contribute to improved root thickening under water
stress conditions (Palit et al., 1994).

A notable calcium x cobalt interaction was
significant in the second season. The CasCo;
treatment produced the largest root diameter
(12.1cm), suggesting a synergistic effect of calcium
and cobalt in enhancing cell expansion and nutrient
transport. This aligns with Broadley et al. (2011),
who emphasized the role of calcium in improving
nutrient mobility and stress tolerance, and with Palit
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et al. (1994) regarding cobalt’s enzymatic activity
enhancement.

Although the three-way interaction (I x Ca x Co)

was statistically significant in both seasons, the
response pattern was inconsistent and scattered,
indicating complexity without a clear trend.

Table 4: Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on root diameter (cm) of sugar beet during 2021/2022, and 2022/2023 seasons.

2021-2022 season 2022-2023 season

Calcium
Irrigation chloride Cobalt chloride Cobalt chloride
regimes (1) (Ca) (ppm.fed) c (ppm.fed™) c
(kgfedl) | 00 100 200 30.0 S | 00 100 200 30.0 8
(Cor) (Coz) (Cos)  (Cou) 2 | (Co) (Co) (Coy)  (Cow) =
— ~ 00(Ca) | 122 128 120 132 | 126 | 115 119 113 102 112
T  40(Ca) | 142 108 123 111 | 121 | 102 116 107 11.9 111

8.0(Caz) | 13.2 12.9 10.4 13.5 12.5 111 10.8 10.8 111 11.2

Mean | 13.2 12.2 11.6 12.6 12.4 11.3 114 10.9 11.0 11.2
0.0 (Caz) | 11.8 12.7 12.9 131 12.6 10.2 11.3 11.0 10.1 10.6
40(Caz) | 10.8 12.5 12.0 13.2 12.1 10.7 10.9 11.0 10.0 10.6
8.0 (Cas) | 143 121 143 10.4 12.8 11.7 13.4 11.7 115 12.1

Mean | 12.3 12.4 13.1 12.2 12.5 10.8 11.9 11.2 10.5 11.1
0.0 (Caz) | 124 12.4 135 12.9 12.8 10.8 115 10.4 12.5 11.3

Drop
one
(I2)

o
o2 = 40(Cap) | 116 128 13.1 10.8 121 | 108 9.3 115 105 105
Q= 80(Cas) | 108 107 137 141 |123 | 108 120 113 118 | 115
Mean | 116 120 13.4 12.6 124 | 108 10.9 111 116 1.1
o = 0.0(Ca1) | 121 127 12.8 13.1 127 | 108 11.6 10.9 10.9 111
= 2 S 40(Cap) | 122 120 125 11.7 121 | 105 10.6 11.0 10.8 10.8
8.0(Cas) | 128  11.9 12.8 12.7 125 | 116 121 113 114 116
Mean | 124 122 12.7 125 11.0 114 111 111
Ftest LSDo.os Ftest LSDo.os
| ns - ns --
Ca * 0.47 * 0.38
I x Ca ns -- ns --
Co ns -- ns --
I x Co ns -- * 0.75
CaxCo ns -- * 0.75
I x CaxCo * 1.62 * 1.30

3) Single Root Weight (kg)

The irrigation regime significantly influenced
single root weight across both seasons (Table 5). In
both years, moderate water stress (I2) led to the highest
weights, followed by full irrigation (11), while severe
stress (Is) resulted in marked reductions. These
findings were matched with those obtained by Carter
et al (1980), and David and Bradely (2017).

In the 1%t season, calcium had no significant impact.
However, in the 2™ season, the highest dose

(Cags) led to significantly heavier roots; this may be due
to calcium’s role in improving root tissue resilience
and nutrient transport under stress. In addition, the
interaction between | and Ca was significant in both
seasons. The 1,Caz combination resulted in the
maximum root weight in both seasons, while 1;Cas and
IsCa; interactions showed the lowest, reinforcing the
idea that calcium benefits are most pronounced under
moderate, not extreme, stress (Cakmak, 2005).
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Table 5: Effect of irrigation regimes (l), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on single root weight (kg) of sugar beet during 2021/2022, and 2022/2023

seasons.
. 2021-2022 season 2022-2023 season
Calcium - -
I'rrigation chloride Cobalt chloride Cobalt chloride
-1 -1

regimes (1) (Ca) (ppm.fed™) c (ppm.fed™) c
(kg.fed™) 0.0 10.0 20.0 30.0 > 0.0 10.0 20.0 30.0 o
(Co) (Coz) (Cos)  (Coa) 2 | (Co)) (Co) (Cos)  (Coa) =
=~ 0.0 (Cay) 2.04 2.23 191 2.18 2.09 1.93 1.94 1.75 131 1.73
Lf = 4.0 (Cap) 2.14 2.02 2.03 1.72 1.98 1.53 1.93 1.75 2.00 1.80
8.0 (Cas) | 1.63 2.62 1.90 1.85 2.00 1.67 1.77 1.70 1.80 1.82
Mean | 1.94 2.29 1.94 1.92 2.02 1.82 1.88 1.73 1.70 1.78
o 0.0 (Cay) 1.53 2.02 1.70 2.28 1.88 1.83 1.45 1.65 143 1.59
S % g 4.0(Ca) | 1.92 1.94 2.00 1.91 1.94 | 2.06 2.04 1.64 1.78 1.88
o 8.0 (Cas) | 2.38 2.22 2.49 2.16 2.31 1.78 2.13 1.78 1.93 1.90
Mean | 1.95 2.06 2.06 2.12 2.05 1.89 1.87 1.69 1.71 1.79
a 0.0(Ca1) | 1.96 2.33 1.97 1.97 2.06 1.53 1.78 1.43 1.98 1.68
o2 g 4.0(Ca) | 1.97 2.17 2.27 1.54 1.99 1.60 1.49 1.59 1.35 1.51
Q= 80(Cas) | 127 154 174 206 | 165 | 1.63 186 177 180 | 176
Mean | 1.73 2.02 1.99 1.86 1.90 1.58 1.71 1.60 1.71 1.65
o = 0.0(Ca1) | 1.84 2.19 1.86 2.14 2.01 1.76 1.72 1.61 1.57 1.67
g 2 S 4.0(Ca) | 2.01 2.04 2.10 1.72 1.97 1.73 1.82 1.66 1.71 1.73
8.0 (Cas) | 1.76 2.13 2.04 2.02 1.99 1.80 1.92 1.75 1.84 1.83

Mean | 1.87 2.12 2.00 1.96 1.76 1.82 1.67 1.71

Ftest LSDoos Ftest LSDoos

I * 0.02 * 0.12

Ca ns -- * 0.06

I xCa * 0.07 * 0.10

Co * 0.05 * 0.06

I xCo * 0.08 * 0.11

CaxCo * 0.08 ns -
I xCaxCo * 0.15 * 0.19

Cobalt chloride also showed significant effects on
root weight in the two growing seasons. The 10 ppm
dose (Co,) consistently achieved the highest weights
(2.12 and 1.82 kg in the 1% and 2™ seasons,
respectively), confirming that moderate cobalt
enhances root development. Higher concentrations
may introduce toxicity, explaining reduced efficacy at
Coas.

The interaction between irrigation and cobalt was
significant in both seasons. Notably, the treatment
1:Co> produced the heaviest root weight across both
seasons. In the 2" season, the combinations 1,Coy,
1,Co,, and 1,Co; also performed well. In contrast,
severe water stress (ls) combined with either low or
high cobalt concentrations resulted in poor root
development, indicating that under stress conditions,
cobalt must be maintained within a narrow optimal
range (Palit et al., 1994).

The calcium x cobalt interaction was significant
only in the 1% season, with Ca;Co, and CazCo;

interaction achieving superior root weights. The
second season's data showed a numerical advantage
with CasCo,, indicating that the Co, level was
generally optimal across calcium levels (Mengel and
Kirkby, 2001).

The triple interaction exerted the most pronounced
effects on single root weight across both seasons. In the
1% season, the combination of full irrigation (1), high
calcium (Cas), and 10 ppm cobalt (Co,) produced the
maximum single root weight of 2.62 kg. Conversely,
in the 2" season, the highest value (2.13 kg) was
obtained under light stress irrigation combined with
high calcium rate and 10 ppm cobalt (1.CazCoy). These
findings emphasize the crucial role of integrated water
management and nutrient supplementation in
optimizing sugar beet productivity. This is consistent
with the results of Kaya et al. (2006), who
demonstrated that the combined application of
micronutrients and calcium can markedly enhance
crop tolerance to water stress.
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4) Root/Shoot Ratio

Irrigation regimes significantly affected the
root/shoot ratio of sugar beet, with the highest values
recorded under severe stress (l3) in the 1 season and
under light stress (I2) in the second. This variability
likely reflects seasonal environmental differences such
as temperature and humidity (Table 2).

Moderate water stress can enhance root growth and
biomass partitioning to belowground organs (Bacher
et al., 2022), whereas severe stress mainly restricts
shoot growth, raising the ratio without improving total
biomass (Chaves et al., 2003). Such responses are
regulated by hormonal signaling under water deficit
conditions (Sharp et al., 2004; Davies et al., 2005).

Table 6: Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on root/shoot ratio of sugar beet during 2021/2022, and 2022/2023 seasons.

. 2021-2022 season 2022-2023 season
Calcium _ i
Irrigation chloride Cobalt chloride Cobalt chloride
regimes (1) (Ca) (ppm.fed-) c (ppm.fed™) c
(kg.fed?) 0.0 10.0 20.0 30.0 3 0.0 10.0 20.0 30.0 3
(Coy) (Coy) (Coy) (Coy) = (Coy) (Coy) (Cos) (Coy) =
=~ 0.0(Ca1) | 486 5.00 5.42 5.14 511 | 481 4.99 5.16 5.09 5.01
L= 40 (Cap) | 519 5.25 551 5.48 536 | 5.10 5.17 4.86 470 4.95
8.0 (Cas) | 550 5.99 5.93 5.54 574 | 5.09 5.66 5.06 483 5.24
Mean | 5.18 5.41 5.62 5.39 540 | 5.10 5.27 5.03 4.87 5.07
oo 0.0 (Caz) | 470 5.18 6.75 4.44 526 | 5.89 6.36 5.28 463 5.54
g s = 40 (Cap) | 492 5.00 4.99 4,65 489 | 5.63 5.52 5.40 4,84 5.35
8.0 (Cas) | 6.36 5.29 5.34 457 539 | 6.05 6.76 5.25 5.31 5.84
Mean | 5.33 5.16 5.69 455 518 | 585 6.21 5.31 493 5.58
o 0.0 (Cay) | 501 6.30 6.12 5.76 580 | 4.68 5.16 492 411 4.72
g % = 4.0(Caz) | 5.93 5.66 6.35 5.94 597 | 563 5.87 418 467 5.09
8.0 (Cas) | 535 5.48 5.65 5.22 543 | 597 5.02 5.23 493 5.29
Mean | 5.43 5.81 6.04 5.64 573 | 543 5.35 478 457 5.03
- 0.0 (Caz) | 485 5.49 6.10 5.11 539 | 513 5.50 5.12 461 5.09
3 E 8 40 (Ca) | 535 5.30 5.62 5.36 541 | 545 552 481 4.74 5.13
2 8.0 (Cas) | 574 5.59 5.64 5.11 552 | 5.80 5.81 5.18 5.02 5.45
Mean | 5.31 5.46 5.78 5.19 5.46 5.61 5.04 479
Ftest LSDoos Ftest LSDoos
| * 0.05 * 0.03
Ca * 0.03 * 0.08
I x Ca ns - ns -
Co * 0.03 * 0.03
I x Co ns - ns -
CaxCo ns -- ns --
I xCaxCo ns -- ns --

Calcium chloride treatments significantly influence
this trait. The highest ratio was consistently observed
under the high calcium dose (Cas) in both seasons.
Calcium not only supports structural stability but also
acts as a secondary messenger in stress signaling,
facilitating root elongation and ion transport while
limiting shoot expansion (Reddy et al., 2011).

Cobalt chloride significantly affected the root/shoot
ratio in both seasons, with medium concentrations (Cos
in the first and Co in the second)

producing the highest values, while the highest

concentration (Co, ) reduced the ratio. This reduction
is likely related to cobalt-induced delays in senescence,
leading to prolonged chlorophyll retention and
sustained shoot growth at the expense of roots. Similar
patterns were noted by Almeida et al. (2021), who
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reported increased leaf chlorophyll but reduced root
biomass in sugar beet, and by Srivastava et al. (2018),
who observed enhanced shoot growth accompanied by
reduced root diameter in carrot.

5) Root Yield

Root yield is a key indicator of sugar beet
productivity and is responsive to environmental
conditions and agronomic inputs. The current study
revealed that irrigation regimes significantly affect
root yield in both growing seasons. According to Table
7, full irrigation (l1) led to the highest yields, while
withholding one irrigation event (l2) resulted in yield
reductions of 6.9% and 3.2% in the first and second
seasons, respectively. A more pronounced decline was
observed under severe stress (ls), with reductions of
19.7% and 24.4%, highlighting the

detrimental effects of water scarcity. These results
underscore the critical importance of adequate water
supply in supporting root development and
maximizing yield. Similar findings were reported by
Mahmoodi et al. (2008) and Li et al. (2021), who
emphasized that optimal irrigation maintains favorable
soil moisture, enhancing photosynthetic efficiency and
translocation to roots. Furthermore, Abdel-Nasser et
al. (2014) demonstrated that sugar beet is particularly
sensitive to water stress, and that yield losses under
such conditions are mainly due to disrupted carbon
allocation and reduced root expansion.

Table 7: Effect of irrigation regimes (I), calcium chloride (Ca), cobalt chloride (Co), and their
interactions on root yield (tons.fed?) of sugar beet during 2021/2022, and 2022/2023

seasons.
—_ . 2021-2022 season 2022-2023 season
ST Calcium Cobalt chloride Cobalt chloride
=28 chloride 1 1
SE (Ca) (ppm.fed) c (ppm.fed™) <
== (kg.fed™) 0.0 10.0 20.0 30.0 © 0.0 10.0 20.0 30.0 >
= (Co)  (Cop)  (Coy) (Coy) p= (Co) (Cop)  (Coy) (Coy) p=
=~ 0.0(Cay) | 40.11  40.38  40.32 37.26 3952 | 4553 4574  49.00 32.05 43.08
< 40(Cay) | 38.02 3975 4050 39.92 3955 | 36.81 4389  39.83 50.79 42.83
8.0 (Cas) | 4274  40.00  42.01 48.07 4321 | 37.07 4237  40.16 4253 43.70
Mean | 40.29  40.04  40.94 41.75 4076 | 44.03 4400  43.00 41.79 43.20
a 0.0(Cay) | 3518 37.23 3437 34.25 3526 | 27.93 3520  36.06 33.69 33.22
2 § g 40(Cay) | 3323 3694 4715 44.03 4034 | 4157 4645  50.15 53.15 47.83
o 8.0(Cas) | 33.09 4193 4531 32.80 3828 | 4043 5239  43.06 41.58 44.36
Mean | 33.83 3870 4227 37.03 37.96 | 36.65 4468  43.09 42.81 41.81
a 0.0(Cay) | 2887 2957  26.83 26.41 2792 | 2691 3617 4172 34.78 34.89
2 2 g 40(Cay) | 2795 33.03 34.84 28.88 3118 | 23.80 2476  46.67 30.73 31.49
o= 8.0(Cas) | 28.08 3200 36.12 37.22 3336 | 2987 3718 4411 39.65 37.70
Mean | 2830 3153  32.60 30.84 30.82 | 26.86 3270  44.17 35.05 34.69
o = 0.0(Ca;) | 3472 3573 33.84 32.64 3423 | 3346 39.04  42.26 3351 37.07
§ 2 8 40(Cay) | 33.07 3658  40.83 37.61 37.02 | 3406 3836 4555 44.89 40.71
80(Cas) | 3463 37.98 4115 39.37 3828 | 40.02 4398 4244 41.25 41.92
Mean | 3414 3676 3861 36.54 35.84 4046  43.42 39.88
Ftest LSDg .05 Ftest LSDy.05
| * 0.18 * 1.14
Ca * 0.65 * 0.47
I xCa * 1.13 * 0.81
Co * 0.75 * 0.54
I x Co * 1.30 * 0.93
CaxCo * 1.30 * 0.93
I xCaxCo * 2.26 * 1.62

The application of calcium chloride significantly
improved root yield across both seasons. Yield
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consistently increased with higher calcium rates,
peaking at 8.0 kg CaCl, (Ca3). This can be attributed
to calcium’s essential role in cell wall structure,

membrane integrity, and osmotic regulation.
According to White and Broadley (2003) and

Waraich et al. (2012), calcium enhances drought
resistance by promoting ion homeostasis and
improving water use efficiency, particularly under
stress. The interaction between calcium and irrigation
was especially evident under I3, where calcium
alleviated the adverse effects of water shortage,

indicating its protective function during osmotic stress
(Geilfus et al., 2015).

Regarding cobalt, significant improvements in root
yield were recorded up to 20 ppm (Co3), beyond which
yield decreased, indicating a threshold of tolerance.
However, excess cobalt (>20 ppm) may lead to
toxicity, as observed by Pendias and Pendias (2001).
Notably, under moderate water stress (l2), the 1.Cos;
treatment resulted in vyields of 42.27 and 43.09
tons.fed® in the first and second seasons, comparable
to full irrigation, emphasizing cobalt’s stress-buffering
capacity (Palit et al., 1994). Under severe drought (I3),
Cos also led to substantial yield gains, nearly doubling
yield compared to Cos.

Interestingly, calcium and cobalt showed
synergistic interaction. In the absence of calcium,
cobalt effects were inconsistent. However, when
calcium was applied at moderate to high levels,
cobalt’s benefits were maximized, particularly at 20
ppm. According to Marschner (2012), calcium
enhances structural stability, while cobalt supports
nitrogen metabolism and enzyme activation,
enhancing stress tolerance and yield.

The three-way interaction (lrrigation x Calcium x
Cobalt) was significant in both seasons. Under I, a
combination of Cas and Cos in the first season and Cas
x Coz consistently resulted in the highest root yields,
suggesting an optimal combination for enhancing
productivity under mild water stress. These results

align with Reddy et al. (2011), who emphasized that
optimal  micronutrient ~ management  supports
physiological adaptation and nutrient use efficiency
under drought.

6) Sugar Yield

Sugar vyield in sugar beet was significantly
influenced by irrigation, calcium, and cobalt treatments
(Table 8). Full irrigation (I1) and mild water stress (I2)
produced the highest yields across both seasons, with
no significant difference between them in the second
season, indicating the crop’s ability to tolerate moderate
water deficit without major yield loss. In contrast,
severe stress (Is) led to a marked reduction in sugar
yield. Jaggard et al. (2010) reported that moderate
irrigation deficits in sugar beet can sustain sugar yield
by promoting root development and sugar
accumulation, whereas severe stress significantly limits
both growth and productivity.

Calcium chloride application significantly enhanced
sugar yield, especially at higher doses (Caz and Cas).
Calcium’s role in improving root growth, cell wall
strength, and nutrient uptake likely contributed to this
effect, particularly under water-limited conditions.
Marschner (2012) reported that calcium chloride
enhances sugar beet yield by improving sucrose
translocation. Similarly, El-Sayed and El-Metwally
(2015) observed increased sugar Yyields following
calcium chloride supplementation.

Cobalt chloride also improved sugar yield, with the
20-ppm treatment (Cos) achieving the highest values.
This is attributed to cobalt’s role in enzymatic activity,
nutrient absorption, and stress tolerance. However,
excessive cobalt (30 ppm) slightly reduced vyields,
likely due to toxicity effects. Gad and Ismail (2011)
and Yadav et al. (2011) highlighted cobalt’s positive
influence on photosynthesis and chlorophyll stability
under stressful environments. However, excessively
high cobalt concentrations can induce oxidative stress
and inhibit plant growth.
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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.

Calcium 2021-2022 season 2022-2023 season
L chloride Cobalt chloride Cobalt chloride
rlggi'g]a;czrl]) (Ca) (ppm.fed™) - (ppm.fed?) -
(kg.fed" 0.0 10.0 200 300 3 0.0 100 200 30.0 3
D) (Cot) (Cos) (Co) (Co) | = | (Co) (Cop) (Cos) (Cos) | =
—~ 00(Ca) | 499 554 453 437 486 | 5.25 519  5.39 367 | 4.88
L= 40(Ca) | 532 601 540 5.42 553 | 4.28 477 493 575 | 4.93

8.0 (Caa) 5.30 5.22 6.06 5.03 5.40 412 5.34 5.56 5.53 5.60
Mean 5.20 5.59 5.33 4.94 5.26 5.17 5.10 5.30 4.98 5.14

0.0 (Ca) 4.33 5.23 4.57 3.66 4.45 3.43 4.13 4.08 414 3.94
4.0 (Caz) 4.17 5.18 6.61 6.12 5.52 5.06 5.26 6.11 6.44 5.72
8.0 (Cas) 4.90 5.18 6.70 4.66 5.36 4.71 6.29 5.22 5.25 5.37

Mean 4.46 5.20 5.96 4.81 511 4.40 5.23 514 5.28 5.01

0.0 (Ca) 2.90 3.54 3.12 3.19 3.19 2.62 3.86 411 3.60 3.55
4.0 (Caz) 3.45 3.89 4.67 3.91 3.98 2.68 2.58 5.44 3.37 3.52
8.0 (Cas) 3.47 4.35 4.63 491 4.34 2.88 4.21 511 4.31 4.13

Mean 3.27 3.93 4.14 4.00 3.84 2.73 3.55 4.89 3.76 3.73
0.0 (Ca) 4.07 4.77 4.07 3.74 4.16 3.77 4.39 4.53 3.80 4.12

Drop
one
(12)

Drop
two
(1)

C

§58 40(Ca) | 431 503 556 515 | 501 | 401 420 549 519 | 472
= 8.0(Cas) | 455 492 580 487 | 503 | 453 528 530 5.03 |5.03

Mean | 431 490 514 4,58 410 463 511 4.67

Ftest  LSDoos Ftest LSDoos

I * 0.10 * 0.13

Ca * 0.06 * 0.12

Ix Ca * 0.11 * 0.21

Co * 0.07 * 0.14

I x Co * 0.12 * 0.24

CaxCo * 0.12 * 0.24

I x Cax Co * 0.21 * 0.42

Significant interactions were observed between  root length and weight, especially when combined with
irrigation, calcium, and cobalt. Under mild stress (I2),  appropriate micronutrient supplementation.
combining high calcium (Caz) and 20 ppm cobalt (Cos)
resulted in the highest sugar yield (6.70 tons.fed 1).
These results highlight the synergistic benefits of
proper nutrient management under moderate water
stress. However, under severe stress (Is), even optimal
nutrient application could not fully restore yields,
emphasizing the critical role of adequate water
availability during sensitive growth stages.

Calcium chloride application, particularly at 8 kg
fed., played a crucial role in improving root traits
under both optimal and water-limited conditions. Its
influence was attributed to its regulatory effects on cell
structure, membrane stability, and osmotic balance.
Likewise, cobalt chloride applied at 10-20 ppm
improved root length, weight, and root/shoot ratio by
enhancing stress tolerance, antioxidant activity, and

. nitrogen metabolism.
Conclusion N : ,
Significant two-way and three-way interactions

The present study demonstrated that root revealed that the combination of moderate irrigation
development and productivity of sugar beet are  With 8.0 kg CaCl, and 20 ppm CoCl. resulted in the
significantly influenced by the interaction between ~ Most favorable root yield. These findings underscore
irrigation regimes and foliar application of calciumand ~ the synergistic effect of calcium and cobalt in
cobalt chloride. Moderate water stress (I,) was found ~ enhancing sugar beet resilience under water stress
to enhance root morphological traits such as conditions.
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Recommendations

Adopt moderate irrigation regimes () in sugar beet
cultivation to optimize water use efficiency without
compromising root development, especially in semi-
arid regions.

Apply calcium chloride at a rate of 8 kg fed.” *asa
foliar spray during active vegetative growth stages to
improve root architecture and enhance stress tolerance.

Supplement cobalt chloride at 10-20 ppm to support
root biomass development, particularly under water-
deficient conditions. Care should be taken to avoid
higher concentrations (e.g., 30 ppm) to prevent
potential toxicity.

Utilize combined calcium and cobalt foliar
treatments under moderate water stress (IxCaxCo) to
achieve the highest root yield, improve root/shoot
balance, and promote overall plant vigor.

Further research is encouraged to investigate the
physiological and molecular mechanisms underlying
the calcium—cobalt interaction in sugar beet, especially
under different environmental conditions.

References

Abdel-Nasser, G., Abdallah, M., and El-Metwally,
A. (2014). Sugar beet productivity and
guality as affected by water stress and
potassium fertilization. Zagazig Journal of
Agricultural Research, 41(4), 1129-1146.

Almeida, V.P., Silva, R.C., Oliveira, D.F.,and Pinho,

E.V.R. (2021). Micronutrient modulation

of drought responses in Beta vulgaris.

Journal of Plant Nutrition, 44 (8): 1129-1143.
[DOI:10.1080/01904167.2021.1884706].

Bacher, H., Schmidhalter, U., and Hingerl, F.
(2022). Plant biomass partitioning and root-
to-shoot ratio responses to drought stress.
Plant Physiology Reports, 27, 65-72.

Broadley, M., Brown, P., Cakmak, I., Ma, J.F,
Rengel, Z., and Zhao, F. (2011). Beneficial
Elements. In Marschner's Mineral Nutrition
of Higher Plants (pp. 249-269). Elsevier
Ltd. https://doi.org/10.1016/B978-0-12-
384905-2.00008-X

Cakmak, 1. (2005). The role of potassiumin alleviating
detrimental effects of abiotic stresses in
plants. Journal of Plant Nutrition and Soil
Science, 168(4): 521-530.

Carter, J.N., M.E. Jensen, and D.J. Travellers
(1980). Effect of Mid- to Late- Season Water
Stress on Sugar beet Growth and Yield.
Agronomy journal, 72: 806-815.

M.M., Maroco, J.P., and Pereira, J.S.
(2003). Understanding plant responses to
drought - from genes to the whole plant.
Functional Plant Biology, 30: 239-264.

Davies, W.J., Wilkinson, S., and Loveys, B. (2005).
Stomatal control by chemical signaling and
the exploitation of this mechanism to
increase water use efficiency in agriculture.
New Phytologist, 153(3): 449-460.

David D.T. and Bradley A.K. (2017). Effect of Deficit
Irrigation Timing on Sugar beet. Agronomy
Journal, 109 (5): 1-9.

Elshamly, A.M.S and Nassar, S.M.A (2023). The
Impacts of Applying Cobalt and Chitosan
with Various Water Irrigation Schemes at
Different Growth Stages of Corn on
Macronutrient Uptake, Yield, and Water Use
Efficiency. Journal of Soil Science and Plant
Nutrition (2023) 23:2770-2785
https://doi.org/10.1007/s42729-023-01233-3.

El-Sayed, H.M., and |.M. El-Metwally (2015). Effect
of  Calcium  Chloride and  Some
Micronutrients on Growth and Productivity
of Sugar Beet (Beta vulgaris L.). Middle East
Journal of Agriculture Research 4(4): 910-
17.

Gad, N. (2005). Interactive effect of cobalt and salinity
on tomato plants. Annals of Agricultural
Science, Ain Shams University, 50(2): 487-
503.

Gad, N and A.E. Ismail (2011). Suppressive Effect of
Cobalt on Sugar Beet Infested with
Meloidogyne Arenaria Grown in Newly
Reclaimed Sand Soils and Its Role on Sugar
Beet Production and Quality. Journal of
Applied Sciences Research, 7(11): 1583-
1590.

Geilfus, C.M., Zo6rb, C., Neuhaus, C., Gddde, V., and
Mihling, K.H. (2015). Calcium ameliorates
NaCl-induced physiological disturbances in
maize. Journal of Plant Nutrition and Soil
Science, 178(2): 214-222.

Gomez, K.A. and Gomez, A.A. (1984). Statistical
procedures for agricultural Research, 2"

Chaves,

s 24
EKB


https://doi.org/10.1016/B978-0-12-384905-2.00008-X
https://doi.org/10.1016/B978-0-12-384905-2.00008-X

Ahmed M. et al

Egyptian Sugar Journal

Ed., John Willey and Sons, New York, pp
680.

Hany, S.G., and El-Henawy, A.S. (2011). Response of
Sugar Beet (Beta vulgaris, L) to Irrigation
Regime, Nitrogen Rate and Micronutrients

Application. Alexandria Science Exchange
Journal 32(2): 44-53.

Hepler, P. K. (2005). Calcium: A central regulator of
plant growth and development. The Plant
Cell, 17: 2142-2155.

Jaggard, K.W., Q. Aiming, and E.S. Ober (2010).
Possible Changes to Arable Crop Yields by
2050. Philosophical Transactions of the
Royal Society B: Biological
Sciences 365(1554): 2835-2851.
https://doi.org/10.1098/rstb.2010.0153.

Kaya, M. D., G. Okcu, M. Atak, C. Yakup, and O.
Kolsaric1 (2006). Seed treatments to
overcome salt and drought stress during
germination in sunflower (Helianthus
annuus L.). Europ. J. Agronomy 24 (2006)

291-295.
Li, X., Wang, Z., Liu, Q., Fan, W., Wang, Z., and
Zhang, J. (2021). Effects of deficit

irrigation on yield and water use efficiency
of sugar beet in an arid region of Inner
Mongolia. Field Crops Research, 270,
108219.
https://doi.org/10.1016/j.fcr.2021.108219.

Li, H., Huo, Y., Weng, X., Zhou, Y., Sun, Y., Zhang,
G., etal. (2022). Regulation of the growth of
Mongolian pine (Pinus sylvestris var.
mongolica) by calcium-water coupling in a
semiarid region. Ecol. Indic. 137, 108736.
doi: 10.1016/ j. ecolind.2022.108736.

Mahmoodi, S., Gheysari, M., and Mirlatifi, S.
(2008). Sugar beet yield and water
productivity under different irrigation
strategies. Irrigation Science, 26: 329-335.

Marschner, H. (2012). Mineral Nutrition of Higher
Plants (3 ed.). Academic Press.

Mengel, K., and Kirkby, E.A. (2001). Principles of
Plant Nutrition (5th ed.). Springer.

Mohamed, A.K. and Basalah, M.O. (2015). The
active role of calcium chloride on growth
and photosynthetic pigments of cowpea
"Vigna unguiculata L. (Walp)” under
salinity stress conditions. American-

Eurasian J. Agric. & Environ. Sci., 15(10):
2011-2020.

Palit, S., Sharma, A., and Talukder, G. (1994).
Effects of cobalt on plants. The Botanical
Review, 60(2): 149-181.

Pendias, K.A., and Pendias, H. (2001). Trace
Elements in Soils and Plants (3rd ed.). CRC
Press.

Rab, A., and Haq, 1.U. (2012). Foliar applications of
calcium chloride and borax improves growth
and yield of tomato. International Journal of
Agriculture and Biology, 14: 282-286.

Rady, M.M. (2011). Effect of cobalt on growth, yield,
and leaf anatomy of wheat under salinity
stress. Plant Archives, 11(2): 705-712.
https://www.plantarchives.org.

Reddy, A.S.N., Ali, G.S., Celesnik, H., and Day, I.S.
(2011). Coping with stress: Roles of calcium-
and calcium/calmodulin-regulated  gene
expression. The Plant Cell, 23(6): 2010-
2032.

Rudd, J.J., and Franklin-Tong V.E. (2001).
Unravelling response-specificity in Ca*'
signalling pathways in plant cells. New
Phytol. 2001 Jul; 151(1): 7-33.

Sharp, R.E., Poroyko, V., Hejlek, L.G., Spollen,
W.G., Springer, G.K., Bohnert, H.J., and
Nguyen, H.T. (2004). Root growth
maintenance  during  water  deficits:
Physiology to functional genomics. Journal
of Experimental Botany, 55(407): 2343-
2351.

Souri, M.K., and Hatamian, M. (2019). Biochemical
functions of cobalt in plants: An overview.
Plant Physiology Reports, 24: 137-146.

https://doi.org/10.1007/s40502-019-00444-8.

Srivastava, S., Sharma, Y.K., and Singh, G. (2018).
Cobalt-induced alterations in antioxidant
metabolism and chlorophyll content in
mustard under stress. Environmental and
Experimental Botany, 150: 249-258.

Tuteja N. (2009). Signaling through G protein coupled
receptors. Plant Signal Behav. 2009 Oct;
4(10): 942-947. doi: 10.4161/psb.4.10.9530.
Epub 2009 Oct 14. PMID: 19826234;
PMCID: PMC2801357.

s 25
EKB


https://doi.org/10.1098/rstb.2010.0153
https://doi.org/10.1098/rstb.2010.0153
https://doi.org/10.1016/j.fcr.2021.108219
https://doi.org/10.1007/s40502-019-00444-8

Ahmed M. et al

Egyptian Sugar Journal

U.S.D.A (2024). Egypt: Sugar annual report April 29,
pp9. Retrieved from

https://fas.usda.gov/data/egypt-sugar-annual-2.

Waraich, E.A., Ahmad, R., Ashraf, M.Y ., Saifullah,
and Ahmad, M. (2012). Improving
agricultural water use efficiency by nutrient
management in crop plants. Acta Agriculture
Scandinavica, Section B-Soil & Plant
Science, 62(4): 291-304. DOI:
10.1080/09064710.2010.491954.

Xu, C., Li, X., and Zhang, L. (2013). The effect of
calcium chloride on growth, photosynthesis,

and antioxidant responses of Zoysia
japonica under drought conditions. PloS
One 8 (), e68214. doi:

10.1371/journal.pone.0068214.

White, P.J., and Broadley, M.R. (2003). Calcium in
plants. Annals of Botany, 92(4): 487-511.

Yadav, S., V. Pandey, and B. Kumar (2011). Role of
cobalt in plant growth and metabolism. Acta
Physiologiae Plantarum, 33: 757-763.
https://doi.org/10.1007/s11738-010-0590-8.

Zhang, H., Wang, N., Zheng, S., Chen, M., Ma, X,,
and Wu, P. (2021). Effects of Exogenous
Ethylene and Cobalt Chloride on Root
Growth of Chinese Fir Seedlings under
Phosphorus-Deficient Conditions. Forests,
12(11), 1585.

https://doi.org/10.3390/f12111585

Zhang, X. Y., Fang, Z. W., Liu, H. N., Zhao, D. Q.,
and Tao, J. (2019). Exogenous calcium-
induced physiological and biochemical
changes in tree peony (Paeonia section

Moutan DC.) wunder drought stress.
Photosynthetica 57,  904-911.  doi:
10.32615/ps.2019.108.

s 26

EKB


https://fas.usda.gov/data/egypt-sugar-annual-2
http://dx.doi.org/10.1080/09064710.2010.491954
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8
https://doi.org/10.1007/s11738-010-0590-8

