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ABSTRACT

The current study took place at Shandaweel, Sohag governorate, Egypt, (latitude of 24.54° N and longitude of 32.94°
E) and included two seasons, 2019/2020 and 2020/2021, to study the efficacy of anti-transpiration on yield and quality
of sugar beet subjected to water stress. Three replications in a split-plot randomized complete block design were used
in the experiment. The treatments included three irrigation levels (100, 80, and 60% of the recommended irrigation)
in cases 12, 10, and 7 irrigations were applied and given at an average interval of 15, 18, and 26 days, which were
randomly in the main plots, while, three anti-transpirant substances (Chitosan, Glycerol, and Magnesium carbonate),
as well as water-sprayed plants (control) were placed in subplots randomly. Plant growth, chlorophyll, relative water
content, cell membrane stability index, sugar production, and quality index were all lowered by drought stress in both
seasons. Furthermore, under drought conditions, proline, free radical scavenging activity, and sucrose levels all increased
significantly. In both seasons, the application of anti-transpiration substances had a substantial effect on improving
the examined features when compared to the control. Foliar spray of chitosan or glycerol had a beneficial effect on
physiological, morphological, and quality characteristics of the examined plants, compared to the control treatment.
Generally, anti-transpirants reduced water use and increased water production in general when irrigation water was
scarce. Furthermore, spraying anti-transpirants, which were responsible for lowering water use, considerably enhanced

most of the growth and yield measures as well as quality.
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INTRODUCTION

Sugar beet (Beta vulgaris var. saccharum, L.) is a
member of the Chenopodiaceae, it is considered a very
important sugar crop all over the world, it is one of the
most essential raw materials for sugar manufacturing,
and it is Egypt's second most important crop after
sugarcane. Sugar beet is regarded as a deep-rooted crop
that is generally resistant to water stress due to the
physical and physiological features of its root system
(Topak et al., 2011). Water is the most important factor
for the life function of plants, the amount of it within
the plant tissues has a agreat effect on vegetative
growth and productivity (Gawad, 2015). Agriculture is

considered the main consumer of freshwater (EI-Azm and
Youssef, 2015), crop growth and development consume
less than 5% of the water absorbed by roots, and the
remaining amount about 95% is transpired by the plant
(Abdullah et al., 2015). A sustainable goal for various
agricultural research is to maximize crop vyield using
limited irrigation water, particularly in arid and semi-arid
locations (Al-Mansor et al., 2015; EI-Azm and Youssef,
2015), therefore, the increasing global shortage of fresh
water requires rationalization of water in agriculture, as a
result, scientists are focusing their efforts on improving
water efficiency by producing new drought-tolerant plant
species, managing water for arid and semi-arid locations,

JOURNAL

Central European Agriculture
ISSN 1332-9049

268


https://doi.org/10.5513/JCEA01/24.1.3634

Original scientific paper

DOI: /10.5513/JCEAQ1/24.1.3634

Elmasry and Al-Maracy: Efficacy of anti-transpiration on yield and quality of sugar beet subjected...

adopting new forms of agricultural production that lead
to save water (Topak et al., 2011) or using compounds
that reduce water evaporation by the transpiration
process (Singh et al., 2021).

Transpiration is a physiological process in which plants
lose water in the form of water vapors. Due to a global
water deficit and high temperatures that accelerate
evaporation, reduced transpiration is an effective and
required strategy for conserving irrigation water while
ensuring plant survival and preserving leaves from drought
damage, resulting in improved water use efficiency
(Gawad, 2015). Foliar spraying of anti-transpirants is one
of the most important ways of lowering transpiration
rates and reducing the negative effects of drought stress
(EI-Azm and Youssef, 2015).

There are four categories of anti-transpirants, based
on the mode of action (Degif and Woltering, 2015; El-
Azm and Youssef, 2015; Mphande et al., 2020; Singh
et al., 2021). Anti-transpirants have been classified
as 1) Film-forming anti-transpirants like glycerol and
silicone oils that can create a physical barrier between
the leaf and the surroundings and hinder the escape of
water vapour from the leaves, 2) Reflecting types such
as magnesium carbonate and kaolin inhibit solar energy
absorption, lowering leaf temperatures, and consequently
the rate of transpiration, 3) Physiologically active stomata
closing types such as abscisic acid, chitosan, and K,SO,
that prevent stomata from fully opening, reducing
water vapour loss from plant leaves and are capable of
influencing metabolic processes in leaf tissues; and 4)
growth retardants such as cyocel that control water
vapour losses by retarding root and shoot growth and
thus allow the plant to resist drought.

Crustacean shells derived from shellfish processing
enterprises are the principal sources of chitin (Aam et
al.,, 2010; Kaya et al., 2015). Glycerol is a sweet-tasting
trihydroxy sugar alcohol that is odorless, colorless,
and viscous. It can be derived naturally as well as from
petrochemical feedstock (Wernke, 2014; San Kong et al.,
2016). Magnesium carbonate MgCQO; is an inorganic salt
that is a white solid (EI Mantawy and El Bialy, 2018).

Aims of the study

Water deficit (WD) is becoming an increasingly serious
problem in many parts of the world; as a result, this
research aims to reduce transpiration rates to alleviate
drought stress by evaluating and comparing the efficacy
of three anti-transpirants, i.e., chitosan, glycerol, and
magnesium carbonate, as well as control (water spraying),
in attenuating the unfavourable effect of drought stress
on sugar beets.

MATERIALS AND METHODS
Experimental site

The current experiment took place in the Shandaweel
Agricultural Research Station, Sohag Governorate,
Egypt, (latitude of 24.54° N and longitude of 32.94° E)
over two winter seasons, 2019/2020 and 2020/2021,
to investigate the efficacy of anti-transpiration on yield
and quality of sugar beet subjected to water stress. Sugar
beet variety viz “Lilly” was sown in both growing seasons,
in the 1°t season, the planting was on 20 October 2019
and the harvest was on 2 May 2020 “ a growth period of
195 days” while, in the 2™ season the planting was on
22 October 2020 and the harvest was done on 6 May
2021 " growth period of 195 days". Soil samples were
randomly selected from the experimental field area at a
depth of 0-30 cm below the soil surface to evaluate the
mechanical and chemical parameters of the soil (Table
1) and the weather data were obtained from the Central
Laboratory of Meteorology, Ministry of Agriculture, Egypt
(Table 2).

The experimental design was a randomized complete
block design as it used a split plot with three replications
andinvolved 12 treatments. The treatmentsincluded three
irrigation levels (100, 80, and 60% of the recommended
irrigation), in which case 12, 10, and 7 irrigations were
applied given an average interval of 15, 18, and 26
days, respectively, which were randomly distributed in
the main plots, and three anti-transpirant substances
(Chitosan, Glycerol, and Magnesium carbonate), as
well as water-sprayed plants (control), which were also
randomly distributed in the subplots. The experimental
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Table 1. Soil properties of the experimental sites during 2019/2020 and 2020/2021seasons

Season 2019/2020 2020/2021
Fine sand% 21% 37%
Coarse sand% 1.46% 1.14%
Mechanical analysis
Silt% 42% 32%
Clay% 35.54% 29.86%
Soil texture Clay loam Clay loam
Organic matter (%) 0.62 0.65
Available N% 0.164 0.220
CaCO,% 1.40 1.50
Soluble ions (meq/100g soil (1:5))
co,
HCO, 0.26 0.33
cr 0.79 0.90
Chemical analysis B
SO, 1.00 1.15
Ca"” 0.50 0.55
Mg™ 0.24 0.34
Na" 1.17 1.33
K' 0.14 0.16
EC, dS/m (1:5) 0.21 0.24
pH (1:2.5) 7.3 7.2

plot consisted of five rows; each was 3.5 m long and 0.6
m wide, with 20 cm between hills, so the plot area was
10.5 m2 All plots were thoroughly irrigated for two weeks
after seeding, and then irrigation treatments were applied
by optimum irrigation.

Chitosan (0.5 gm), Glycerol (6%) and suspension of
Magnesium carbonate (6%) were foliar sprayed by using
the dorsal sprinkler. The concentrations of anti-transpirant
utilized were chosen based on previous research (Gawad,
2015; El-Mantawy and El-Bialy, 2018). The control plants
were sprayed with water. Early in the morning, all foliar
sprayings were performed to completely cover the entire
plant leaves. Foliar spraying was done twice at three-

week intervals, starting 45 days after sowing and ending

at 65 days from sowing. Chitosan is characterized by a
medium molecular weight, from carb shells poly-(1,4 - B
- D- glucopyranosamine); 2 - Amino - 2 - deoxy- (1->4)
- B - D-glucopyranan. Glycerol (C,H,O,) is characterized
by a density of 1.261 kg/l, a melting point of 18.2 °C,
and a boiling point of 290 °C under pure conditions.
Magnesium carbonate (MgCO,) is light and characterized
by a molecular weight of 84.31.

During both growing seasons at the experimental

location, all cultural activities (fertilization, weed

management, and pest and disease control) were carried
out according to the Egyptian Ministry of Agriculture's
recommendations for sugar beet production.
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Table 2. Meteorological data was recorded at Shandaweel Agricultural Research Station during 2019/2020 and 2020/2021 sea-

sons
Month
Item Season
October November December January  February March April May
Max.-Temp. (°C) 2019/2020 354 30.8 23.5 21.9 24.9 30.0 34.2 38.7
2020/2021 38.7 28.3 26.1 25.1 26.4 31.0 36.1 41.7
Min.-Temp. (°C) 2019/2020 171 12.7 5.8 5.1 6.7 13.1 16.4 20.4
2020/2021 18.6 10.9 7.5 6.5 6.6 14.5 15.3 21.3
Max.-R.H. (%) 2019/2020 76.6 78.7 86.6 86.3 82.1 61.0 58.3 48.00
2020/2021 73.9 85.8 86.0 85.2 80.2 69.0 49.3 43.0
Min.-R.H. (%) 2019/2020 18.2 18.1 19.1 18.6 15.9 154 15.6 171
2020/2021 17.8 20.9 20.3 15.5 15.8 13.6 12.6 14.6
Precipitation (mm) 2019/2020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2020/2021 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Weather bureau station, Where: Max.-Temp = Maximum temperature; Min.-Temp = Minimum temperature; R.H. = Relative humidity %

Studied traits
Determination of physiological traits

All vegetative traits were done after 120 days after

planting.

- Chlorophyll: A portable chlorophyll metre was
used to measure leaf chlorophyll readings (SPAD)
on attached leaves (SPAD - 502, Konica Minolta
Sensing, Inc., Japan) according to Minolta (1989).

- Relative water content (RWC): The relative water
contents (RWCs) of leaves were estimated using
Karrou and Maranville's (1995) equation:

RWC (%) = (FW - DW) / (TW - DW) x 100

where: FW= fresh leaf weight, DW= dry leaf
weight, and TW= turgid leaf weight.

- Leaf Cell Membrane Stability Index (MSI): Cell
membrane stability index of a leaf was measured
by EC conductivity meter (Altronix model CTX-
II, USA) according to Franca et al. (2000). The
following formula was used to compute the
percentage of electrolyte leakage:

MSI (%) = [1 - (EC, / EC,)] x 100

where: EC, and EC,, are the electrical conductivity
measurements taken before and after boiling.

Determination of antioxidant enzyme activities

Leaves samples were collected and immersed
immediately in liquid nitrogen followed by a freeze and
stored until use. A 0.5 g of sample was homogenized in 5
mL 50 mM sodium phosphate buffer (pH 7.8) by using a
mortar and pestle, then centrifuged at 15,000 x g for 20
min. at 4 °C. The enzyme extract was stored at 4 °C for
analysis.
- Peroxidase assay: According to Ghanati et al.
(2002) peroxidase activity was measured by the

oxidation of guaiacol in the presence of H,O.,,.

- Proline contents: Proline contents were assayed
as described by Bates et al. (1973). A JENWAY
spectrophotometer from the United States was
used for all of the spectrophotometric analyses.

Morphological root traits

Root length and diameter (cm) were measured at
harvest by measuring tape.
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Quality parameters

At harvest (after 195 days from sowing), ten plants
were taken randomly from the guarded ridges of each
plot to determine the following characteristics:

- Sucrose percentage: The proportion of sucrose

was obtained using a saccharometer according to
Ouda (2009),

- Impurities (K, Na, and a-amino N concentration) in
root were estimated as meq/100gm beet according
to the procedure described by the sugar company
using Auto Analyzer (Nemeata Alla, 2017),

- Sugar lost to molasses (SLM%) = 0.14 (Na + K) +
0.25 (a-amino N) + 0.5 (Nemeata Alla, 2017),

- Extracted sugar % (ES%) = Sucrose% - SLM% - 0.6
(Nemeata Alla, 2017),

- Quality index (Ql) measures according to Nemeata
Alla (2017) by the equation,

Ql (%) = (ES / Sucrose) x 100
Yield and yield contributing traits

The plants were harvested from the three middle rows
of each plot were chosen and cleaned, roots and tops
were separated and weighted in kg, then collected and
converted to estimate:

- Root yield (ton/fed),

- Top yield (ton/fed),
- Sugaryield (ton/fed).

The following equation was used to determine sugar
yield:
Sugar yield (ton/fed) = ES x Root yield (ton/fed)

Water relations

- Water consumptive use (CU) was estimated by
using the soil samples taken immediately before
irrigation and 48 hours later and oven dried at
105 °C, calculate water consumptive (CU) of sugar
beet as mm depth according to the technique used

according to the equation (Hansen et al., 2016);
CU=DxB, x[(Q,-Q,)/100]

where: CU= water consumptive use in mm,

D = Soil layer depth,

B, = Soil bulk density (g/cm?),

Q, = Soil moisture%, before irrigation,

Q, = Soil moisture%, 48 hours after irrigation.

Water consumptive use (CU) of sugar beet as m3/
fed was calculated as follows;

CU (m3/fed) = CU (mm) x 4.2

- Water use efficiency (WUE) was calculated as kg
roots or kg sugar per water consume (m?) according
to the following formula of Vites (1966);

Root or sugar yield (kg/fed.
WUE (kg Root or sugar/m?3) = EaryiEidike )

Water consumptive use (m3/fed.)
All measurements were performed once in each

growing season.

Statistical analysis

Collected data were subjected to the proper analysis
of variance (ANOVA). The proper statistical of all data
was carried out according to Gomez and Gomez (1984).
Homogeneity of variance and differences among
treatments were evaluated by the least significant
difference test (LSD) at 5%.

RESULTS AND DISCUSSION

Impacts of irrigation levels

Tables 3 and 4 includes the effect of irrigation levels
on sugar beet growth and yield parameters, respectively.
During both seasons, decreasing irrigation levels reduced
chlorophyll, relative water content, and cell membrane
stability index, while caused an increase oxidative
enzyme and proline content (Table 3). The reduction in
chlorophyll concentration in stressed plants could be due
to thylakoid membrane disorder, with more chlorophyll
degradation than synthesis via the development of
proteolytic enzymes like chlorophyllase, which degrades
chlorophyll and damages the photosynthetic machinery
(EI-Mantawy and El-Bialy, 2018). One of the most
significant and dependable physiological markers is RWC
(Jahirul Islam et al., 2020), our results demonstrated that
plants subjected to adequate irrigation and 80 % irrigation
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level had higher RWC% than water-stressed plants,
mostly because the amount of water given was sufficient
to sustain the leaf tissue's turgidity (Segura-Monroy et al.,
2015). Unyayar et al. (2004) reported the same results,
stating that under drought stress, the RWC percentages
of sunflower leaves were reduced. Furthermore, Ibrahim
et al. (2016) discovered that water stress induced a large
decrease in relative water content in sunflower plants but
a considerable rise in proline content.

The stability of the cell membrane is a crucial criterion
in a growing plant to maintain cell integrity and good
functioning (Yeilaghi et al., 2012; Jahirul Islam et al., 2020),
reduced transpiration and efflux of solutes involved in the
osmoregulation process of plant leaves could explain the
greater membrane stability index (MSI) of tolerant plants
(Ghaffari et al., 2019). Evidence showed that protecting
the cell membrane helps from reducing sugar beet root
yield under drought stress in different genotypes (Al-
Jbawi and Abbas, 2013). Thus, the plants with higher MSI
under drought conditions may be considered tolerant
plants.

Under drought stress, proline accumulation increases,
which

with osmotic adjustment, ROS quenching, and redox

is an important osmoprotectant that helps
equilibrium during abiotic stress (Matysik et al., 2002;
Ashraf and Foolad, 2007; Hidangmayum and Dwivedi,
2018). As part of an adaptation strategy, metabolic
factors such as free proline content in leaves increased
dramatically under severe drought stress (Gzik, 1996). By
reducing the leaf water potential, proline buildup helps to
minimize water loss. It also enhances the turgor of leaves
by facilitating water transfer. Amino acids including
isoleucine, threonine, lysine, and aspartic acid have also
been found as osmoregulants, which provide sustenance
to plants when they are stressed by abiotic or biotic
factors (Hidangmayum and Dwivedi, 2018).

In the present experiment, reducing the amount of
water used for irrigation resulted in water stress on
the sugar beet crop (Jahirul Islam et al., 2020), which
resulted in a reduction in sugar, top and root yield in both
seasons, while root length, sucrose content, potassium,
quality index, and extracted sugar were increased with

Table 3. Impact of irrigation levels on sugar beet growth and yield parameters in 2019/2020 and 2020/2021 seasons

Traits
Irri. Chl. RWC MSI POX Proline Root ‘Root Sggar Rpot Top
(SPAD Un) (%) (%) umol{g mg/g length diameter yield yield yield
fw.min d.wt (cm) (cm) (ton/fed) (ton/fed) (ton/fed
2019/2020 season
100% 49.49 81.29 88.35 7.03 5.34 31.83 8.94 3.96 35.56 8.89
80% 49.58 83.12 87.29 12.30 5.55 31.33 8.11 4.19 32.79 8.20
60% 43.09 78.90 79.15 21.55 7.32 32.25 7.61 3.70 27.64 6.91
LSD, s 1.35 0.92 1.50 1.55 1.48 1.80 0.28 0.13 1.21 0.30
2020/2021 season
100% 52.39 80.23 88.48 7.60 6.55 26.83 9.31 4.28 37.13 9.28
80% 51.27 82.89 86.95 13.80 4.86 27.50 8.53 4.01 34.55 8.64
60% 45.94 78.19 78.69 19.12 7.42 29.33 8.25 3.89 29.58 7.40
LSD, . 0.86 1.62 1.13 2.34 0.86 0.19 0.23 0.18 0.86 0.21
Chl: chlorophyll, RWC: Relative water content, MSI: Membrane stability index, POX: Peroxidase activity
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an irrigation level of 60% in both seasons. In general, no
differences were observed between the use of irrigation
levels of 100% and 80% in both seasons in most traits
(Table 4). Sugar beet is a well-known crop sensitive to
water stress. Itis also known that drought stress can inhibit
seedling growth, resulting in a terminal decline in biomass
production. Furthermore, the rate of photosynthesis can
be affected and reduced (Jahirul Islam et al., 2020; Mou
etal., 2017).

Impacts of foliar applications of anti-transpirants

The effect of foliar applications of anti-transpirants on
sugar beet growth and yield parameters are presented in
Tables 5 and 6, respectively. Concerning the effect of foliar
spraying of anti-transpirants, all biochemical parameters
analyzed were significantly increased in response to
spraying of foliar application. Chitosan spraying increased
chlorophyll content, membrane stability index, root
length, root diameter, sugar, top and root yield in both
seasons. While glycerol spraying increased chlorophyll
and relative water content in both seasons, this is based
on their beneficial effect on reducing the hazardous

effect of water stress. On the other hand, the control
treatment (without foliar spraying of anti-transpirants)
recorded the lowest values of all parameters, in both
seasons. Table 6 shows that foliar spraying with chitosan
and glycerol followed by MgCO, treatment produced
the highest values for sucrose percent and quality index.
This indicates that chitosan is a potent anti-transpirant
chemical because it reduces transpiration by inducing
ABA production and activity, which leads to stomatal
closure (Hidangmayum et al., 2019).

Also, chitosan spraying can stimulate the development
of crops and will be enhanced nutrients and water uptake,
thereby contributing to increased reactive oxygen species
(ROS) scavenging activities (Guan et al., 2009; Khokon et
al., 2010).

Spraying glycerol as an anti-transpirant dramatically
enhanced RWC in plant leaves, as seen in Table 5. This
could be because the anti-transpirant provides a physical
barrier between the leaf and its surroundings. Therefore,
it can reduce water loss from the leaves of plants (Degif
and Woltering, 2015).

Table 4. Impact of irrigation levels on sugar beet quality parameters in 2019/2020 and 2020/2021 seasons

Traits
Irri.
Sucrose (%) K (%) Na (%) a-aN Ql (%) SLM (%) ES (%)
2019/2020 season
100% 15.65 3.57 2.29 5.01 81.95 2.57 11.11
80% 16.45 4.28 1.65 3.94 83.43 231 12.75
60% 17.12 4.29 1.32 3.65 84.92 2.20 13.35
LSD, s 0.65 0.71 0.42 0.70 0.66 0.18 0.72
2020/2021 season
100% 15.71 5.04 1.79 3.36 81.25 2.29 11.51
80% 15.97 4.58 201 3.84 81.76 2.38 11.57
60% 16.15 4.25 191 4.02 82.61 2.37 13.13
LSD, s 0.33 0.77 0.42 0.24 0.79 0.09 0.30
a-a N: Alpha-amino nitrogen, SLM%: Sugar lost to molasses%, ES %: Extracted sugar% and Ql: Quality index
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Table 5. Impacts of foliar applications of anti-transpirants on sugar beet growth and yield parameters in 2019/2020 and
2020/2021 seasons

Traits
Treats Chl. RWC MS| POX Proline Root ‘ Root Sggar Rpot Top
(SPAD Un)) (%) (%) umol{g mg/g length diameter yield yield yield
fw.min d.wt (cm) (cm) (ton/fed) (ton/fed) (ton/fed)

2019/2020 season
Control 46.43 78.86 82.87 17.67 7.81 31.89 8.02 3.36 30.39 7.60
Chitosan 49.26 81.82 86.08 9.09 4.95 32.56 8.50 4.38 33.93 8.48
Glycerol 48.01 83.25 85.56 15.60 5.93 32.11 8.20 4.16 32.49 8.12
MgCO, 45.86 80.49 85.21 12.15 5.59 30.67 8.16 3.91 31.17 7.79
LSD, 0, 1.63 0.93 1.42 1.77 1.39 151 0.18 0.38 0.61 0.15

2020/2021 season
Control 48.80 78.53 82.11 19.18 8.04 27.22 8.47 3.46 32.32 8.08
Chitosan 51.63 81.28 85.81 10.11 5.08 28.67 8.93 4.60 35.50 8.88
Glycerol 49.99 82.75 85.52 13.23 5.83 28.44 8.72 4.18 34.06 8.52
MgCO, 49.04 79.17 85.39 12.50 6.14 27.22 8.66 3.99 33.12 8.28
LSD, 1.75 0.99 1.137 1.36 1.78 0.86 0.14 0.25 0.70 0.17

0.05

Chl: chlorophyll, RWC: Relative water content, MSI: Membrane stability index, POX: Peroxidase activity

Table 6. Impacts of foliar applications of anti-transpirants on sugar beet quality parameters in 2019/2020 and 2020/2021 seasons

Traits
Treats
Sucrose (%) K (%) Na (%) a-aN Ql (%) SLM (%) ES (%)
2019/2020 season
Control 15.56 4.31 2.17 4.54 81.08 2.54 11.13
Chitosan 17.17 3.86 1.34 4.16 85.03 227 13.07
Glycerol 16.65 4.10 1.68 3.91 84.02 2.29 12.83
MgCO, 16.24 3.84 1.81 4.18 83.60 2.34 12.58
LSD, 1.13 0.75 0.30 0.74 0.98 0.14 1.27
2020/2021 season
Control 15.31 5.06 2.09 4.05 79.59 2.51 10.74
Chitosan 16.73 4.71 1.57 2.94 83.87 2.12 13.03
Glycerol 15.99 4.36 1.80 3.83 82.54 2.32 12.38
MgCO, 15.75 4.37 2.15 4.13 81.49 2.44 12.13
LSD, 0.42 0.68 0.40 0.86 0.46 0.18 0.67

0.05

a-a N: Alpha-amino nitrogen, SLM%: Sugar lost to molasses%, ES%: Extracted sugar% and Ql: Quality index
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Interaction effects of anti-transpirants and irrigation levels

The interaction effects of anti-transpirants and and irrigation levels in both seasons had a substantial
irrigation levels on sugar beet crop development andyield  impact on all features, according to the results in Tables
characteristics were cleared in tables 7 and 8 and figures 7 and 8. The highest values for chlorophyll, root length,
1 and 2. The combination between anti-transpirants root diameter, top yield, and root yield were obtained

Table 7. Effects of the interactions between foliar application and levels of water stress on sugar beet growth and yield parameters
during in 2019/2020 and 2020/2021 seasons

Traits
e TS an Rwe s PO Teme R e e
(SPAD Un.) (%) (%) fw.min d.wt (cm) (cm) (ton/fed)
2019/2020 season

100%  Control 47.90 79.57 85.57 9.33 7.33 33.67 8.50 8.43
Chitosan 53.93 82.03 89.05 5.88 4.21 32.33 9.20 9.30
Glycerol 48.07 82.41 89.98 8.07 5.09 31.33 9.03 9.07
MgCO, 48.07 81.14 88.78 4.84 471 30.00 9.03 8.76

80% Control 47.90 80.23 86.04 18.23 7.56 30.00 8.07 7.68
Chitosan 50.00 83.57 88.35 8.71 4.38 32.33 8.40 8.69
Glycerol 53.23 86.84 86.72 14.33 5.10 32.00 8.03 8.40
MgCO, 47.20 81.84 88.04 7.94 5.17 31.00 7.93 8.01

60% Control 43.50 76.76 77.00 25.46 8.53 32.00 7.50 6.68
Chitosan 43.83 79.86 80.84 12.68 6.25 33.00 7.90 7.46
Glycerol 42.73 80.50 79.97 24.42 7.62 33.00 7.53 6.90
MgCO, 42.30 78.50 78.80 23.66 6.90 31.00 7.50 6.60

LSD, s 2.82 1.61 247 3.06 241 2.61 0.31 0.26

2020/2021 season

100%  Control 49.17 78.57 84.66 11.70 8.28 26.67 8.90 8.85
Chitosan 56.07 80.70 88.81 6.05 5.25 27.67 9.50 9.67
Glycerol 52.90 81.75 90.03 6.78 6.57 27.33 9.40 9.38
MgCO, 51.43 79.91 90.43 5.85 6.10 25.67 9.43 9.24

80% Control 49.23 80.74 85.73 22.32 6.43 26.00 8.40 7.96
Chitosan 52.03 83.57 88.20 7.73 3.71 28.33 8.80 9.18
Glycerol 52.53 87.27 86.68 12.27 4.21 28.33 8.50 8.84
MgCO, 51.27 79.97 87.17 12.87 5.08 27.33 8.40 8.57

60% Control 48.00 76.28 75.94 20.52 9.41 29.00 8.10 7.44
Chitosan 46.80 79.58 80.42 16.54 6.28 30.00 8.50 7.78
Glycerol 44.53 79.25 79.85 20.64 6.72 29.67 8.27 7.33
MgCO, 44.43 77.64 78.57 18.76 7.25 28.67 8.13 7.03

LSD, 3.03 1.72 1.97 2.36 3.08 1.49 0.25 0.30

0.05

Chl: chlorophyll, RWC: Relative water content, MSI: Membrane stability index, POX: Peroxidase activity
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by spraying chitosan at the recommended irrigation
level (100%), in both seasons, higher values for MSI
were obtained by applying chitosan and glycerol at the
recommended irrigation level (100%) and by chitosan
at 80% of the recommended irrigation level, in both
seasons. It is clear from the data in Table 7 that spraying
the glycerol as anti-transpirant was significantly effective
in enhancing the chlorophyll, RWC, and sugar yield for the
sugar beet plant under an 80% tested irrigation regime.
The addition of chitosan or glycerol at an irrigation level
of 100% or 80% gives the lowest values of proline in both
seasons and the lower value of POX given by spraying
of chitosan with water irrigation level of 100% in both
seasons (Table 7).
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Figure 1. Effects of the interactions between foliar application
and levels of water stress on root yield of sugar beet crop during
in 2019/2020 and 2020/2021 seasons

The lowest values for all yield traits were obtained
indicating that deficit
irrigation or drought stress limits agricultural production,

under 60% in both seasons,

resulting in a variety of deleterious impacts on plant
health,
species (ROS), which causes membrane lipid peroxidation

including the production of reactive oxygen

and interactions with the other macromolecules,
resulting in reduced plant growth and yield (Yang et al,,
2009; Bistgani et al., 2017). Drought stress also inhibits
chlorophyll production by impairing photosynthetic
capacity. The decrement of chlorophyll content during
drought stress might be due to the destruction of
chlorophyll pigment complexes (Farouk and Amany,
2012). In comparison to control plants, anti-transpirant
lowers vapor (water movement) and photosynthesis, as

well as leaf permeability to carbon dioxide exchange.
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Figure 2. Effects of the interactions between foliar application
and levels of water stress on sugar yield of sugar beet crop
during in 2019/2020 and 2020/2021 seasons

The same results were found by Khan et al. (2002) and
Sheikha and Al-Malki (2011) who said that an increased
photosynthesis level was observed when maize, soybean,
and bean were treated with chitin oligosaccharides, this
may be due to an increase in nitrogen and potassium
content in plant shoot which helps photosynthetic
2019).
Chitosan foliar application under drought stress reduced

pigments under drought (Hidangmayum et al.,

the negative impact of drought conditions, able to
alleviate these effects in most crops and increased plant
2017), while other anti-

transpirants such as glycerol which formed a thin film

development (Bistgani et al,,

on the leaves and MgCO, which reflecting sun radiation)
and did not affect the stomatal opening which suggests
that photosynthetic activity and stomatal conductance
changes proportionally, thus reducing assimilated carbon

as water consumption decreases.

Data in Table 8 expresses that the interaction between
anti-transpirants and irrigation levels caused a significant
increase in sucrose percentage and quality index under
three water levels in the 2020 seasons and with the
application of chitosan under 60% in 1%t season.

The same results were found by Farouk and Amany
(2012) who decided that total carbohydrates increased
when sprayed with chitosan under drought stress. This
could be because the breakdown of polysaccharides,
which aid in the maintenance of turgor, causes an
increase in total soluble sugar buildup under drought
conditions (Nazarli et al., 2011). Peas, sugar beets, and
black poplars all benefit from soluble sugars, which help
them withstand drought (Liu et al., 2011).
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Table 8. Effects of the interactions between foliar application and levels of water stress on sugar beet growth and yield parameters
during in 2019/2020 and 2020/2021 seasons

Traits
Irri. level Treats
Sucrose (%) K (%) Na (%) a-aN Ql (%) SLM (%) ES (%)
2019/2020 season
100% Control 15.44 4.09 247 531 80.33 2.75 10.02
Chitosan 15.75 2.98 1.76 4.94 83.47 2.40 11.16
Glycerol 15.72 3.54 2.44 4.68 82.30 2.51 11.66
MgCO, 15.68 3.66 2.48 5.09 81.70 2.63 11.61
80% Control 15.14 4.37 2.09 4.48 80.70 2.52 10.89
Chitosan 16.83 4.14 1.37 3.97 84.83 2.26 12.90
Glycerol 17.34 4.81 1.60 3.20 83.90 2.20 13.89
MgCO, 16.50 371 1.54 4.10 84.30 2.26 13.32
60% Control 16.11 4.47 1.96 3.84 82.20 2.36 12.49
Chitosan 18.93 4.28 0.90 3.58 86.80 2.15 15.13
Glycerol 16.90 4.07 1.00 3.84 85.87 2.17 12.96
MgCO, 16.55 4.15 1.41 3.35 84.80 2.11 12.82
LSD, s 1.96 1.30 0.51 1.29 1.71 0.24 2.20
2020/2021 season
100% Control 14.95 5.46 1.77 4.18 78.83 2.56 10.46
Chitosan 16.37 4.93 1.54 2.08 83.73 1.93 12.54
Glycerol 15.95 4.75 1.85 3.61 81.83 2.33 11.48
MgCO, 15.57 4.98 2.00 3.55 80.60 2.36 11.54
80% Control 15.37 5.28 2.14 3.98 79.50 2.38 10.54
Chitosan 16.73 4.22 1.81 3.39 83.67 2.34 12.41
Glycerol 15.97 4.47 1.90 3.84 82.47 2.35 11.87
MgCO, 15.79 4.37 221 4.14 81.40 246 11.46
60% Control 15.60 4.44 2.36 4.58 80.43 2.60 11.22
Chitosan 17.07 4.93 1.36 277 84.20 2.08 14.15
Glycerol 16.05 3.85 1.66 4.03 83.33 2.28 13.78
MgCO, 15.88 3.76 224 4.69 82.47 2.51 13.37
LSD, 0.72 1.17 0.70 1.49 0.79 0.31 1.15

0.05

a-a N: Alpha-amino nitrogen, SLM%: Sugar lost to molasses%, ES%: Extracted sugar% and Ql: Quality index
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Sugars like glucose and fructose aid drought tolerance
by modulating plant growth, development, and stress
responses through signal transduction (Rolland et al,,
2006). These carbohydrates boost glucose, fructose,
mannose, trehalose, sorbitol, and myoinositol in chitosan-
2017).

adjustment and carbon balance maintenance in response

treated plants (Li et al, Increased osmotic
to dehydration stress may contribute to increased drought
resistance. Also, data showed that the application of
chitosan or glycerol with 100% of water level decreased
potassium percentage, while with 60% gave lower
values for potassium, sodium, and a-amino nitrogen,
also, chitosan under 80% significantly decreased them.
This indicates that the interactions between the factors
evaluated had a substantial effect.

Water consumptive use (WCU)

According to Figure 3, sugar beet water consumption
increased by 531.3 and 1090.5 m® of water when irrigation
was applied at 100% recommended days versus 80 and/
or 60% in the first season, corresponding to 492.5 and
1091.2 m® of water in the second season, respectively.
Prolonging the period of irrigation at 60% recommended
irrigation leads to a gradual decrease in the values of
water consumptive use of sugar beet plants in both
seasons. Foliar sprayings were applied. Chitosan gradually
decreased as in the values of water consumptive use of
sugar beet plants in both seasons. It was noticed that the
maximum values of water consumptive (3250 and 3320
m3/fed) were recorded at 100% of the recommended
days compared with that irrigated at 80 and/or 60% in

both seasons.
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Figure 3. Effect of irrigation levels, anti-transpirant treatments,
and their interaction on water consumptive use (mé/fed) in
2019/2020 and 2020/2021 seasons

Water use efficiency (WUE)

Data in figures 4 and 5 indicate that the values of WUE
calculated either as roots or sugar (kg/m? water). Water
use efficiency increased gradually as irrigation decreased
from 100 to 60% of the recommended irrigation and
reached its maximum value when irrigation was given to
sugar beet at 60% of the recommended compared days
intervals, followed by that applied at 80 and 100 of the
recommended days.

= 2
~ )
@ < 8 ]
1w, s8a 5 35 S o8y  S°28
14 4 L2 w Lol oiff o ea=d 8.7 Lt ]
oo . o - - Br=2 ‘_ -
— - -0 .. o— r"_
=124 e - > =
E21 ¢
%10-
8 4
£
w 81
ERE
2.
0
100% B0% 60% 100% B0% 60%
2019/2020 202012021
= Control = Chitosan = Glycerol MgCO3

Figure 4. Effect of irrigation levels, anti-transpirants treatments,
and their interaction on water use efficiency for roots (kg/m?), in
2019/2020 and 2020/2021 seasons
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Figure 5. Effect of irrigation levels, anti-transpirants treatments,
and their interaction on water use efficiency for sugar yields (kg
sugar/m?® water consumed) in 2019/2020 and 2020/2021 sea-
sons

Foliar sprays were applied Chitosan gradually increased
the values of the WUE of sugar beet plants in both
seasons. It was noticed that the maximum values of WUE
consumptive kg roots (13.17 and 13.56 kg/m?® water) and
kg sugar (1.33 and 1.76 kg/m?® water) were recorded by

foliar sprayings with chitosan in both seasons.
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CONCLUSIONS

in high
evaporative demand conditions reduced water use while

Anti-transpirant applications to plants

slightly improving chlorophyll, RWC, and MSI of leaves
and increasing quality parameters of beet crop.In addition,
anti-transpirant treatment reduced water requirements,
allowing irrigation water to be conserved for a longer
time, allowing irrigation frequency to be reduced without
significant production reductions when compared to
control plants. As a consequence, WUE increased while
maintaining root quality parameters. The use of chitosan
as an anti-transpirant agent will be appropriate for crops
subject to drought, heat, thirst, or lack of water. Under
study conditions, chitosan-treated plants allow their
natural physiological mechanisms to quickly restore
optimal carbon uptake while sustaining biomass and yield
in these conditions. Thus, under conditions of the present
investigation, planting sugar beet varieties with spraying
chitosan or glycerol as anti-transpirant under irrigation at
the recommended level can be recommended to obtain
the highest root and sugar yield/fed.

ACKNOWLEDGEMENTS

I'd like to express my profound thanks and greatest
appreciation to Prof. Dr. Mohamed Abu-Bakr Bekheet
(Head researcher of sugar crops, ARC, Egypt) for his
continuous assistance to me and his valuable and
constructive suggestions during the planning and
development of this research work. His willingness to

give his time generously was greatly appreciated.

REFERENCES

Aam, B.B., Heggset, E.B., Norberg, A.L., Sarlie, M., Varum, K.M., Eijsink,
V.G. (2010) Production of chitooligosaccharides and their potential
applications in medicine. Marine drugs, 8 (5), 1482-1517.

DOI: https://doi.org/10.3390/md8051482

Abdullah, A.S., Aziz, M.M,, Siddique, K.H.M., Flower, K.C. (2015) Film
anti-transpirants increase yield in drought stressed wheat plants by
maintaining high grain number. Agricultural Water Management,
159, 11-18. DOI: https:/doi.org/10.1016/j.agwat.2015.05.018

Al-Jbawi, E., Abbas, F. (2013) The effect of length during drought stress
on sugar beet (Beta vulgaris L.) yield and quality. Persian Gulf Crop
Protection, 2 (1), 35-43.

Al-Mansor, A.N., EI-Gindy, A.M., Hegazi, M.M., EI-Bagoury, K.F., Hady,
A.E. (2015) Effect of surface and subsurface trickle irrigation on
yield and water use efficiency of tomato crop under deficit irrigation
conditions. Misr Journal of Agricultural Engineering, 32 (3), 1021-
1040. DOI: https://doi.org/10.21608/mjae.2015.98062

Ashraf, M.F.M.R., Foolad, M.R. (2007) Roles of glycine betaine and
proline in improving plant abiotic stress resistance. Environmental
and experimental botany, 59 (2), 206-216.

DOI: https://doi.org/10.1016/j.envexpbot.2005.12.006

Bates, L.S., Waldren, R.P,, Teare, I.D. (1973) Rapid determination of free
proline for water-stress studies. Plant and soil, 39 (1), 205-207.

Bistgani, Z.E., Siadat, S.A., Bakhshandeh, A., Pirbalouti, A.G., Hashemi,
M. (2017) Interactive effects of drought stress and chitosan
application on physiological characteristics and essential oil yield of
Thymus daenensis Celak. The Crop Journal, 5 (5), 407-415.

DOI: https://doi.org/10.1016/].cj.2017.04.003

Degif, A. B., Woltering, E. J. (2015) Efficacy of Physiologically Active
Anti-Transpirants on Excised Leaves of Potted Plants. Malaysian
Journal of Medical Biological Research, 2 (2), 167-174.

DOI: https://doi.org/10.18034/mjmbr.v3i2.415

El-Azm, N.A.A., Youssef, S.M.S. (2015) Spraying potassium silicate and
sugar beet molasses on tomato plants minimizes transpiration,
relieves drought stress and rationalizes water use. Middle East
Journal of Agriculture Research, 4 (4), 1047-1064.

Mantawy, R.F., EI-Bialy, M. (2018) Effect of anti-transpirants application
on growth and productivity of sunflower under soil moisture stress.
National Science, 16 (2), 92-106.

Farouk, S., Amany, A.R. (2012) Improving growth and yield of cowpea by
foliar application of chitosan under water stress. Egyptian Journal of
Biology, 14, 14-16. DOI: https:/doi.org/10.4314/ejb.v14i1.2

Franca M.G.C., Thi AT.P, Pimentel C. Rossiello R.O.P, Zuily FY.,
Laffray D. (2000) Differences in growth and water relations among
Phaseolus vulgaris cultivars in response to induced drought stress.
Environmental and Experimental Botany, 43, 227-237.

DOI: https://doi.org/10.1016/50098-8472 (99)00060-X

Gawad, N.M.A. (2015) Effect of some anti-transpirant to reduce amount
of irrigation water added to the banana cv." Grand Nain" in sandy
soil. Egyptian Journal of Horticulture, 42 (1), 69-86.

DOI: https://doi.org/10.21608/ejoh.2014.1181

Ghaffari, H., Tadayon, M.R., Nadeem, M., Cheema, M., Razmjoo, J. (2019)
Proline-mediated changes in antioxidant enzymatic activities and
the physiology of sugar beet under drought stress. Acta physiologiae
plantarum, 41 (2), 23.

DOI: https://doi.org/10.1007/s11738-019-2815-z

Ghanati, F., Morita, A., Yokota, H. (2002) Induction of suberin and
increase of lignin content by excess boron in tobacco cell: Soil
Science. Plant Nutrition, 48, 357-364.

DOI: https://doi.org/10.1080/00380768.2002.10409212

Gomez, KA., Gomez, A.A. (1984) Statistical procedures for agricultural
research. An International Rice Research Institute Book. New York:
John Willy and Sons, Inc.

Guan, Y.J., Hu, J., Wang, X.J., Shao, C.X. (2009) Seed priming with
chitosan improves maize germination and seedling growth in
relation to physiological changes under low temperature stress.
Journal of Zhejiang University Science B, 10 (6), 427-433.

DOI: https://doi.org/10.1631%2Fjzus.B0820373

JOURNAL

Central European Agriculture
ISSN 1332-9049

280


https://doi.org/10.5513/JCEA01/24.1.3634

Original scientific paper

DOI: /10.5513/JCEAQ1/24.1.3634

Elmasry and Al-Maracy: Efficacy of anti-transpiration on yield and quality of sugar beet subjected...

Gzik, A. (1996) Accumulation of proline and pattern of a-amino acids
in sugar beet plants in response to osmotic, water and salt stress.
Environmental and Experimental Botany, 36 (1), 29-38.

DOI: https://doi.org/10.1016/0098-8472(95)00046-1

Hansen, V., Hauggaard-Nielsen, H., Petersen, C. T., Mikkelsen, T. N.,
Miuiller-Stover, D. (2016) Effects of gasification biochar on plant-
available water capacity and plant growth in two contrasting soil
types. Soil and Tillage Research, 161, 1-9.

DOlI: https://doi.org/10.1016/j.still.2016.03.002

Hidangmayum, A., Dwivedi, P. (2018) Plant responses to Trichoderma
spp. and their tolerance to abiotic stresses: a review. Journal of
Pharmacognosy and Phytochemistry, 7, 758-766.

DOlI: https://dx.doi.org/10.22271/phyto

Hidangmayum, A., Dwivedi, P., Katiyar, D., Hemantaranjan, A. (2019)
Application of chitosan on plant responses with special reference
to abiotic stress. Physiology and molecular biology of plants, 25 (2),
313-326. DOI: https://doi.org/10.1007/512298-018-0633-1

Ibrahim, M. F. M., Faisal, A., Shehata, S. A. (2016) Calcium chloride
alleviates water stress in sunflower plants through modifying some
physio-biochemical parameters. American-Eurasian Journal of
Agricultural & Environmental Sciences, 16 (4), 677-693.

Jahirul Islam, M., Kim, JW., Begum, M., Sohel, M., Taher, A., Lim, Y.S.
(2020) Physiological and biochemical changes in sugar beet
seedlings to confer stress adaptability under drought condition.
Plants, 9 (11), 1511. DOI: https://doi.org/10.3390/plants9111511

Karrou, M.K., Maranville, J. (1995) Response of wheat cultivars to
different soil nitrogen and moisture regimes: Il Leaf water content,
conductance, and photosynthesis 1. Journal of Plant Nutrition, 18,
777-791. DOI: https://doi.org/10.1080/01904169409364764

Kaya, M., Mujtaba, M., Bulut, E., Akyuz, B., Zelencova, L., Sofi, K. (2015)
Fluctuation in physicochemical properties of chitins extracted from
different body parts of honeybee. Carbohydrate Polymers, 132,
9-16. DOI: https://doi.org/10.1016/j.carbpol.2015.06.008

Khan, W.M,, Prithiviraj, B., Smith, D.L. (2002) Effect of foliar application
of chitin and chitosan oligosaccharides on photosynthesis of maize
and soybean. Photosynthetica, 40 (4), 621-624.

DOI: https://doi.org/10.1023/A:1024320606812

Khokon, M.AR., Uraji, M., Munemasa, S., Okuma, E., Nakamura, Y.,
Mori, I.C., Murata, Y. (2010) Chitosan-induced stomatal closure
accompanied by peroxidase-mediated reactive oxygen species
production in Arabidopsis. Bioscience, biotechnology, and
biochemistry, 1010052215-1010052215.

DOI: https://doi.org/10.1271/bbb.100340

Li, Z., Zhang, Y., Zhang, X., Merewitz, E., Peng, Y., Ma, X., Yan, Y. (2017)
Metabolic pathways regulated by chitosan contributing to drought
resistance in white clover. Journal of proteome research, 16 (8),
3039-3052. DOI: https://doi.org/10.1021/acs.jproteome.7b00334

Liu, C., Liu, Y., Guo, K., Fan, D., Li, G., Zheng, Y., and Yang, R. (2011)
Effect of drought on pigments, osmotic adjustment and antioxidant
enzymes in six woody plant species in karst habitats of southwestern
China. Environmental and Experimental Botany, 71 (2), 174-183.
DOI: https://doi.org/10.1016/j.envexpbot.2010.11.012

Matysik, J., Alia, B.B., Mohanty, P. (2002) Molecular mechanisms of
quenching of reactive oxygen species by proline under stress in
plants. Current Science, 525-532.

Minolta (1989) SPAD-502 owner's manual. Industrial Meter Div.
Ramsey: Minolta Corp.

Mou, B., He, B.J., Zhao, D.X., Chau, KW. (2017) Numerical simulation
of the effects of building dimensional variation on wind pressure
distribution. Engineering Applications of Computational Fluid
Mechanics, 11 (1), 293-309.

Mphande, W., Kettlewell, P.S., Grove, |.G., Farrell, A.D. (2020) The
potential of anti-transpirants in drought management of arable
crops: A review. Agricultural Water Management, 236, 106143.
DOI: https://doi.org/10.1016/j.agwat.2020.106143

Nazarli, H., Faraji, F., Zardashti, M.R. (2011) Effect of drought stress and
polymer on osmotic adjustment and photosynthetic pigments of
sunflower. Cercetari Agronomice in Moldova, 1 (145), 35-41.

Nemeata Alla, H. E. A. (2017). Effect of boron level and time of
application on vyield and quality of sugar beet. Journal of Plant
Production, 8 (11), 1071-1075.

DOI: https://dx.doi.org/10.21608/jpp.2017.41113

Ouda, S.M. (2009) Yield and quality of two sugar beet varieties as
influenced by nitrogen fertigation regimes under drip-irrigation
system. Journal of Plant Production, 34 (4), 3189-3198.

DOI: https://doi.org/10.21608/jpp.2009.117134

Rolland, F., Baena-Gonzalez, E., Sheen, J. (2006) Sugar sensing and
signaling in plants: conserved and novel mechanisms. Annual
Review of Plant Biology, 57, 675-709.

DOI: https:/doi.org/10.1146/annurev.arplant.57.032905.105441

San Kong, P., Aroua, M.K., Daud, W.M.AW. (2016) Conversion of
crude and pure glycerol into derivatives: A feasibility evaluation.
Renewable and Sustainable Energy Reviews, 63, 533-555.

DOI: https://doi.org/10.1016/j.rser.2016.05.054

Segura-Monroy, S., Uribe-Vallejo, A., Ramirez-Godoy A., Restrepo-
Diaz, H. (2015) Effect of kaolin application on growth, water use
efficiency, and leaf epidermis characteristics of Physallis peruviana
seedlings under two irrigation regimes. Journal of Agricultural
Science and Technology, 17 (6), 1585-1596.

Sheikha, S. A., Al-Malki, F.M. (2011) Growth and chlorophyll responses
of bean plants to the chitosan applications. European Journal of
Scientific Research, 50 (1), 124-134.

Singh, H., Singh, M., Jaswal, C. (2021) Anti-transpirant: A Novel Emerging
Approach to Combat Drought Stress in Maize (Zea mays L.). Biotica
Research Today, 3 (1), 068-069.

Topak, R., Stheri, S., Acar, B. (2011) Effect of different drip irrigation
regimes on sugar beet (Beta vulgaris L.) yield, quality and water use
efficiency in Middle Anatolian, Turkey. Irrigation Science, 29 (1), 79-
89. DOI: https://doi.org/10.1007/s00271-010-0219-3

Unyayar, S., Kelep, Y., Unal, E. (2004) Proline and ABA levels in two
sunflower genotypes subjected to water stress. Bulgarian Journal of
Plant Physiology, 30 (3-4), 34-47.

Vites, F.G.Jr. (1966) Increasing water use efficiency by soil management.
In: Pierre, W.H., Kirkham, D., Pesek, J., Shaw, R, eds. Plant
Environment and Efficient Water Use. American Society of
Agronomy and the Soil Science Society of America, pp. 259-274.
DOI: https://doi.org/10.2134/1966.plantenvironment.c12

Wernke, M.J. (2014) Glycerol. Encyclopedia of Toxicology. In:
Encyclopedia of Toxicology (Third Edition). 754-756.

DOI: https://doi.org/10.1016/B978-0-12-386454-3.00510-8

Yang, F., Hu, J., Li, J,, Wu, X,, Qian, Y. (2009) Chitosan enhances leaf
membrane stability and antioxidant enzyme activities in apple
seedlings under drought stress. Plant Growth Regulation, 58 (2),
131-136. DOI: https://doi.org/ 10.1007/s10725-009-9361-4

Yeilaghi, H., Arzani, A., Ghaderian, M., Fotovat, R., Feizi, M., Pourdad,
S.S. (2012) Effect of salinity on seed oil content and fatty acid
composition of safflower (Carthamus tinctorius L.) genotypes. Food
Chemistry, 130, 618-625.

DOI: https://doi.org/10.1016/j.foodchem.2011.07.085

JOURNAL

Central European Agriculture
ISSN 1332-9049

281


https://doi.org/10.5513/JCEA01/24.1.3634
http://www.tcpdf.org

