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Abstract: Present experiments were conducted to determine the effects of different irrigation levels on yield, yield
components and quality of drip-irrigated sugar beet under sub-humid conditions. Field experiments were conducted
in the 2019 and 2021 growing seasons in the Bursa province of Turkey. Experiments were carried out in completely
randomised blocks design with three replications. Irrigations were scheduled based on the replenishment of 100 (S1),
66 (S2), 33 (S3), and 0% (S4) of soil water depletion within the soil profile of 90 cm using 7-day irrigation intervals.
In 2019, root yields varied between 29.32 (S4)-86.31 (S1) t/ha and sugar yields between 6.33-13.57 t/ha. In 2021,
root yields varied between 26.18 (S4)-74.56 (S1) t/ha and sugar yields between 6.56—12.53 t/ha. Effects of different
irrigation levels on investigated parameters were found to be significant (P < 0.01). The crop water consumption
values were significantly related to root and sugar yields (P < 0.01). Based on present findings, S1 treatment was
recommended to get the highest root and sugar yields. In case of limited water resources, S2 (33% water shortage)
treatment with the highest water productivity and irrigation water productivity values could be recommended to

ensure maximum efficiency from the applied irrigation water quantity.
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Sugar is a significant source of nutrients for humans.
Sugar cane and sugar beet (Beta vulgaris L.) have
emerged as the primary sources of sugar production
(Rajaeifar et al. 2019). Sugar cane continues to dominate
in world sugar supply due to high production levels in
tropical regions. Sugar beet, on the other hand, can
be characterised as a relatively new crop, which ap-
peared in mild climate zones in the 19" century and
became widely used only in the 20t century. In 2020,
88% of world sugar production came from sugar cane
and 12% from sugar beet. Europe is the leading sugar
beet producer with 62.1%; Asia is the second with
18.3%, America is the third with 13.0%, and Africa
is the fourth with 6.6% of world production. Turkey
produced 23.1 megatons (Mt) of 252.9 Mt of sugar
produced in the world in 2020; this value corresponds
to 9% of overall production (FAOSTAT 2021).
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Root growth is the most important factor in sugar
beet production. Sugar beet root growth is directly
affected by irrigation. Especially in arid regions,
sugar beet yield is closely related to irrigation water
quantities, rainfalls throughout the growing season
and irrigation scheduling (Dunham 1993). Excessive
irrigations increase sugar beet yields but reduce the
quality and sugar ratio (Masri et al. 2015). Since the
quality components are important harvest parameters
besides the yield in sugar beet production, it is very
important to avoid both deficient or excessive irriga-
tions and to optimise the amount of irrigation water.
Deficit irrigation strategies are becoming increasingly
important for the optimisation of irrigation practices.

Deficit irrigation is described as the irrigation
method for plants with less water than is required
for optimal growth. Deficit irrigation applications are
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used as an optimal approach against water shortages
and yield reductions (Sepaskhah et al. 2006). Sugar
beet is well-adapted to deficit irrigation (Kirda 2002).
Crop tolerance to water stress due to morphological
and physiological characteristics of the root system
facilitates this adaptation capacity of sugar beet
(Doorenbos and Kassam 1979).

There are several studies conducted in different cli-
mate zones and with different cultivars to optimise irri-
gation water quantities and determine the plant response
of sugar beet to water deficits. Sugar beet crop water
consumption (ET ) values throughout a growing season
ranged from 900 mm to 1 200 mm (Dunham 1993). Sugar
beet yields were reported as between 61.34-90.33 t/ha
by Topak et al. (2016), between 65.90—-109.20 t/ha by
Tarkalson and King (2017), between 46.17-100.21 t/ha,
and by Mahmoud et al. (2018) under continental and
arid climatic conditions. Increasing sugar ratios were
reported with decreasing irrigation water quantities
in arid climatic conditions (Li et al. 2019). It was de-
termined that there was a linear relationship between
ET_ and sugar beet root yield under semi-arid and
arid climatic conditions (U¢an and Gengoglan 2004,
Sitheri et al. 2007). In previous studies conducted by
Tognetti et al. (2003) in the Mediterranean and Masri
et al. (2015) in semi-arid conditions reported that
25% water deficits did not have significant effects on
sugar beet yields. The yield response factor (ky) was
identified as 0.95 in semi-arid climatic conditions
(Kiziloglu et al. 2006).

There are limited studies about the effects of defi-
cit irrigations on sugar beet yield and quality in
sub-humid climate zone. Therefore, this study was
conducted to investigate the effects of deficit ir-

rigations on yield, yield components, quality, water
productivity (WP) and irrigation water productiv-
ity (IWP) values of drip-irrigated sugar beet under
sub-humid climate conditions. Present findings are
expected to guide sugar beet growers in farming in
the other sub-humid climate zones.

MATERIAL AND METHODS

Experimental site. Field studies were carried out
during the growing seasons of 2019 and 2021 at
the Research and Training Centre of the Faculty of
Agriculture, Bursa Uludag University, located in Bursa
province of Turkey (latitude 40°13'33"N, 28°51'34"E;
altitude 112 m a.s.l.). Bursa province has a dominant
sub-humid climate with a long-term average annual
air temperature of 14.6 °C and total precipitation of
708.7 mm. During the growing seasons of 2019 and
2021, mean air temperatures were 22.5 °C and 22.4 °C,
relative humidity values were 65.6% and 66.2%, wind
speeds (2 m height) were 2.8 m/s and 2 m/s, and
total precipitations were 166.2 mm and 120 mm,
respectively. Soil characteristics of the experimental
site are provided in Table 1. Experimental soils were
clay (C) in texture with an effective root depth of
90 cm for sugar beet and a water holding capacity
0f 163.3 mm. The irrigation water used in the study
was classified as C,S,.

Experimental details. Sugar beet (Beta vulgaris L.)
seeds (cv. KWS-Akazia) were sown at 3 cm soil depth
with 45 cm row spacing and 20 cm on-row plant spac-
ing on the 1% of May in 2019 and the 3¢ of May in
2021. NPK compound fertiliser (15-15-15) (50 kg/ha)
was applied to the plots immediately after sowing,

Table 1. Physical and chemical properties of soil layers of the experimental fields

Soil depth Sand Silt Clay

Bulk density Field capacity Permanent wilting point

(cm) %) Texture (g/cmg) %)

0-30 24.32 26.18 49.50 C 1.35 38.17 27.07
30-60 23.28 26.22 50.50 C 1.36 40.01 27.03
60-90 21.88 24.62 53.50 C 1.34 43.01 26.75
90-120 21.64 37.86 40.50 C 1.38 40.05 23.18

EC degree of saturation available P available K organic carbon
@s/my  PH (%) (mg/kg) (%)

0-30 0.45 6.1 101 35.6 184 0.72
30-60 0.45 6.4 109 14.0 144 0.43
60-90 0.79 7.1 110 32.4 156 0.57
90-120 0.64 8.0 101 27.6 100 0.17

EC - electrical conductivity
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and when the plants reached to 15 cm height, 70 kg
N/ha additional urea fertiliser was applied. For both
years, a total of 55 mm of irrigation water was applied
by the sprinkler irrigation method for emergence
and germination. Deficit irrigation treatments were
initiated on the 26" of June in 2019 and the 234 of
June in 2021.

Experiments were carried out in completely
randomised blocks design with 3 replications.
Experimental plots were 6 m long and 2.25 m wide
(13.5 m?2), with 6 rows per plot. A 2 m distance was
provided between the plots and 3 m between the
blocks. Four different irrigation treatments were cre-
ated with different irrigation water levels. Irrigation
treatments were determined according to the replen-
ishment of 100% (S1), 67% (S2), 33% (S3) and 0% (S4)
of soil water depletion within 90 cm soil profile in
7-day irrigation intervals. The drip irrigation method
was used to irrigate the plants. Irrigation water was
supplied through 16 mm lateral pipes (polyethylene)
with pressure-regulated in-line emitters of 2 L/h
under 1 atm pressure. A lateral line was placed in
each row, and emitter spacing was 20 cm.

Soil-water-crop relations. Water depletion within
the root zone was monitored through regular soil
samplings from 0.15, 0.45, and 0.75 m soil depth on
a weekly basis and soil water content was checked
by gravimetric method.

While the amount of irrigation water required to
bring the available moisture to the field capacity
was determined, the effective rooting depth of the
sugar beet (90 cm) was taken into account and was
calculated at 7-day intervals with the use of Eq. 1:

| (FC— AW)

Too X PoxDxP (1)

where: I — irrigation water depth (mm); FC — field capacity
(%); AW — available water in the soil (mm); p, — bulk density
(g/cm?); D — effective rooting depth (mm); P — percentage of
the wetted area (44%).

Crop water consumption (ET _, mm) of different
irrigation treatments was calculated at 7-day intervals
using the following soil water balance equation (Eq. 2)
(Garrity et al. 1982):

ET.= 1+ P + AS — D-R (2)

where: I — irrigation water depth (mm); P — rainfall (mm);
AS — change in soil water storage between different meas-
urements (mm/90 cm) and D — deep percolation (mm); R —
runoff (mm). Since irrigation applications were based on

the principle of completing the deficient moisture within
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the root zone to the field capacity and the trial plots were
surrounded by earthen embankments, runoff was neglected.
Deep percolation was neglected based on soil water content

measurements in the 90-120 cm soil profile.

Measurements and water-yield functions. At
the end of the cultivation period, sugar beet plants
of each plot were harvested by pulling the plant
manually. Considering the side effects, two rows
of each treatment and 50 cm at the beginning and
end of each row were eliminated (harvested plot
size = 6.75 m?). Sugar beet harvest was carried out
on the 1%t of October for both years. At harvest,
cleaned plants were separated into the root and leaves
to determine the root and leaf yield. Afterwards,
arandom sample of 5 plants from each plot was taken
to determine the root length (cm) and root diameter
(cm). Following the measurements, samples were
cut into pieces and oven-dried at 70 °C for 48 h to
determine the leaf water content (%) and dry mat-
ter ratio (%) (Penuelas et al. 1993). The remaining
samples were frozen and sent to the Central Research
Institute of Food and Feed Control, Bursa, Turkey.
In the laboratory, the sugar ratio was determined by
Lane-Eynon method (Rajakyld and Paloposki 1983).
Sugar yield was calculated with Eq. 3 according to
the determined sugar ratio.

SY = RY x SR (3)

where: SY — sugar yield (t/ha); RY — root yield (t/ha); SR —
sugar ratio (%).

The Stewart equation (Eq. 4) was used to determine
the yield response factor (k ), representing the rela-
tionship between relative yield decrease (1 - Y /Y )
and relative ET _deficit (Stewart et al. 1976, Doorenbos
and Kassam 1979).

-ra-B e

where: Y, — actual yield (under deficit irrigation conditions);
Y, — maximum yield (under full irrigation conditions); ET, —
actual seasonal evapotranspiration (under deficit irrigation
conditions); ET  — maximum seasonal evapotranspiration

(under full irrigation conditions).

Eqs. 5 and 6 were used to determine the water
productivity (WP, kg/m3) (Bos 1980, Pereira et al.
2012) and irrigation water productivity (IWP, kg/m3)
(Bos 1985, Pereira et al. 2012) of each treatment.

Y
wp = — (5)
Y - YO
I

WP = (6)
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Figure 1. Seasonal changes of soil water level. S1 — 100, S2 — 66, S3 — 33, S4 — 0% of soil water depletion; WP —

water productivity; FC - field capacity

where: Y — root yield of the treatment; Y — root yield of
non-irrigated treatment (S4); ET — seasonal evapotranspira-
tion by treatment; I — seasonal irrigation water amount by

treatment.

Statistical analysis. Variance analysis was conduct-
ed at 0.01 and 0.05 probability levels to determine the
effects of irrigation treatments on yield, agronomic
traits, quality and WP of sugar beet. Significant means
were compared with the use of the least significant
difference (LSD) test at a 0.05 significance level.
Regression analysis was conducted to identify the
relations among water, yield and quality.

RESULTS AND DISCUSSION

Irrigation water applied and crop water con-
sumption. Figure 1 shows seasonal soil water level
fluctuations for both years. The amount of precipita-
tion measured from sowing to harvest was 166.6 mm
in the first year and 120.0 mm in the second year.
Seasonal ET _values varied between 326.3-896.9 mm
in 2019 and 387.3-830.0 mm in 2021 (Table 2).
Koksal et al. (2011) conducted a study under semi-
arid climate conditions and reported IRR as between
65-865 mm and seasonal ET _values as between
338.5-1009.9 mm. Tarkalson et al. (2018) reported
IRR of sugar beet in 2011, 2012 and 2016 respectively
as 781, 755 and 686 mm and seasonal ET_ values
as 879, 767 and 857 mm, respectively. Tar1 et al.
(2016) reported the IRR of sugar beet as between
279-668 mm and seasonal ET _values as between
767-821 mm. Present findings on IRR, and ET_
values comply with the results of previous studies.

Yield, yield components and quality. The differenc-
es between the irrigation treatments were found to be

significant at 0.01 level for all parameters in both years.
Root yield values varied between 29.32-86.31 t/ha
in 2019 and 26.18-74.56 t/ha in 2021 (Table 3).
Decreasing root yields were observed with increasing
water deficits. Several studies indicated that different
irrigation levels had significant effects on sugar beet
root yields (Koksal et al. 2011, Topak et al. 2016).
Tognetti et al. (2003) determined the maximum root
yield of sugar beet as 78.70 t/ha under full irrigation
conditions in Italy. Topak et al. (2011) reported the
highest root yield as 77.30 t/ha for full irrigations
and the lowest as 28.10 t/ha for 75% water deficits.
Present values on root yields comply with the find-
ings of previous studies.

The leaf yields varied between 6.25-11.87 t/ha in
2019 and 4.07-9.50 t/ha in 2021 (Table 3). It was
determined that leaf yield of sugar beet was water-
stress tolerant, but at higher water stress scenarios,
such as 66% water deficit (S3) or non-irrigated (S4),

Table 2. Seasonal irrigation water quantities (IRR) and
crop water consumptions (ET )

IRR ETc
Year Treatment
(mm)

S1 750.3 896.9

S2 545.4 751.2
2019

S3 340.0 558.7

S4 135.0 362.3

S1 765.7 830.0

S2 563.8 705.0
2021

S3 361.9 547.0

S4 160.0 387.3

S1 -100, S2 — 66, S3 — 33, S4 — 0% of soil water depletion
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Table 3. Root and leaf yield, yield components and quality parameters of treatments

Root Leaf Root Root Leaf water Dry matter  Sugar Sugar

Year Treatment yield yield length diameter content ratio rate yield
(t/ha) (cm) (%) (t/ha)

S1 86.312 10.45? 24.52 14.72 78.0° 26.1¢ 15.7b¢ 13.572

S2 76.23P 11.872 23.92 12.2P 76.92 27.3bc 15.9> 12.12b

5019 S3 50.28¢ 7.86P 21.2P 11.4P 72.4> 29.2P 17.12 12.04b
S4 29.334d 6.25¢ 19.7¢ 9.4¢ 65.1¢ 33.22 15.2¢ 6.64¢

LSD, s 7.989 1.642 1.241 1.112 3.193 2.034 0.555 1.384

S1 74.572 9.502 25.22 13.52 72.22 30.9b¢ 16.3¢ 12.532

S2 63.57P 8.922 22.7b 11.4b 66.42P 30.3¢ 16.7° 10.67°

001 S3 42.36°¢ 5.05P 21.9b 9.1¢ 62.7b 33.52b 18.02 10.21P
S4 26.194 4.07b 20.0¢ 7.7¢ 54.2¢ 36.32 16.04 6.56¢

LSDy s 6.766 2.082 0.827 1.786 6.260 2.954 0.274 1.036

Indicate significant differences at P < 0.05 using the least significant difference (LSD) test. **Significant at 1% probability
level (P < 0.01); S1 — 100, S2 — 66, S3 — 33, S4 — 0% of soil water depletion

values decreased. In a study with parallel findings,
Mahmoud et al. (2018) reported the highest leaf yield
value as 7.71 t/ha in 30% deficit irrigations and the
lowest value as 1.20 t/ha in the least-irrigated treat-
ment. Maralian et al. (2008) examined the leaf yield
of sugar beet under different water-deficit levels.
They reported leaf yield values as 25.03—-28.96 t/ha,
with the greatest yield from 30% water deficits.
Differences in leaf yields from the present values
were attributed to differences in climate conditions
and sugar beet cultivars.

Root lengths of experimental treatments varied
between 19.7-24.5 cm in the first year and between
20.0-25.2 cm in the second year (Table 3). Increasing
IRR significantly increased the root length of sugar
beet. Khozaei et al. (2020) stated that the root length
values ranged from 16.43 to 25.69 cm. Hussein et al.
(2008) reported that the root length values varied
between 16.3-24.0 cm. Ozbay and Yildirim (2019)
found higher root lengths in sugar beet and reported
the maximum root length as 27.4 ¢cm (full-irrigated)
and the minimum as 25.2 (33% water deficit applied).

Both in 2019 and 2021, the greatest root diameters
(14.7 cm and 13.5 cm) were obtained from S1 treat-
ments and the lowest values (9.4 cm and 7.7 cm)
from S4 treatments (Table 3). Increasing root diam-
eters were seen with increasing IRR. Similar find-
ings were also reported in previous studies (Kiymaz
and Ertek 2015, Khozaei et al. 2020). Hussein et al.
(2008) reported the variation range of root diam-
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eter as 5.20-6.35 cm. Differences in root diameters
were mainly attributed to differences in irrigation
schedules, climate conditions, sugar beet cultivars
and measurement techniques.

Leaf water content values ranged between 54.2% and
78.0% over the study period (2019-2021) (Table 3).
In both years, the lowest and highest leaf water con-
tent values were reached at non and full-irrigated
treatments, respectively. Tsialtas et al. (2011) reported
significant effects of different irrigation regimes on
leaf water contents.

The highest dry matter ratios (33.2% in 2019 and
36.3% in 2021) were obtained from S4 treatments,
while the lowest dry matter ratio was obtained from S1
treatments (26.1%) in 2019 and S2 treatments (30.3%)
in 2021 (Table 3). Hussein et al. (2008) reported dry
matter ratios of sugar beet as between 27.1-30.4%
and indicated increasing values with decreasing IRR.
It was indicated in the other studies with different
findings that different irrigation regimes did not
have significant effects on dry matter ratios of sugar
beet (Kiymaz and Ertek 2015), and such a case was
attributed to differences in climate, variety and IRR.

Sugar ratios varied between 15.2—17.1% in the first
year and 16.0-18.0% in the second year (Table 3).
The greatest values were obtained from S3 treat-
ments in both years, followed by S2 treatments,
and the lowest values were seen in S4 treatments.
Ozbay and Yildirim (2019) reported sugar ratio values
varied from 16.66, 16.62 and 18.97%, respectively,
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Figure 2. Relationships of root and sugar yields (t/ha) with irrigation water quantity (IRR). **Significant at 1%

probability level (P < 0.01)

for 100, 66 and 33% irrigation treatments. Li et al.
(2019) reported the highest sugar ratios of sugar
beet in treatments where irrigations were initiated
when 50% of the field capacity was depleted. Masri
et al. (2015) found that water deficits did not have
any significant effects on the sugar ratio of sugar
beet plants irrigated with sprinkler irrigation. Still,
the greatest sugar ratio was obtained from the 25%
water deficit applied with the drip irrigation system.

Sugar yields varied between 6.33—-13.57 t/ha in the
first year and between 6.56—12.53 t/ha in the second
year (Table 3). In both years, the greatest values were
obtained from S1 treatments, and the lowest values
were seen in S4 treatments. Irrigation levels had sig-
nificant effects on sugar yields of sugar beet (Zarski
et al. 2020). Mahmoodi et al. (2008) determined the
highest sugar yield as 9.54 t/ha under full irrigation
conditions and the lowest sugar yield as 7.73 t/ha
under heavy water stress conditions. Mahmoud et al.
(2018) obtained the highest sugar yield (10.14 t/ha)
from 30% water deficits and the lowest sugar yield
(8.37 t/ha) from 70% water deficits. Differences in
sugar yield values were mainly attributed to differ-
ences in irrigation programs.
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Water-yield relations. The determination coef-
ficient was identified as RZ = 0.93 (P < 0.01) for the
exponential relationships between root yield and
IRR and as R? = 0.87 (P < 0.01) for the exponential
relationships between sugar yield and IRR (Figure 2).
Ucan and Gengoglan (2004) found linear relations
between IRR and root yield and indicated the de-
termination coefficients as RZ = 0.96 and R? = 0.96,
respectively, for the first and the second year of study.
Tar1 et al. (2016) reported that there were polynomial
(R? = 0.70) and linear (R? = 0.89) relations between
IRR and sugar yield.

Significant relationships were encountered be-
tween the root yield and ET _values (linear, R%2=0.97)
(P <0.01) and between sugar yield and ET _ (logarith-
mic, R? = 0.87) (P < 0.01) (Figure 3). Present linear
relations between root yield ET  were similar to the
findings of previous studies (Kiziloglu et al. 2006,
Topak et al. 2011). Sitheri et al. (2007) and Tarkalson
and King (2017) also reported linear relationships
between sugar yield, and ET .

The yield response factor (k) was identified as
1.09 in 2019 and 1.21 in 2021. The k_value deter-
mined using the combined data of 2 years was 1.14
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Figure 3. Relationships of root and sugar yields (t/ha) with crop water consumptions (ET ). **Significant at 1%

probability level (P < 0.01)

363



Original Paper

Plant, Soil and Environment, 68, 2022 (8): 358—-365

1-ET/ET,
0.8 0.6 0.4 0.2 0
- - : : 0
2019 .
y =1.0902x 0.2
R? = 0.9857 . 1%
\ 77 >
P4 =
2 years _’( 0.4 >|"
y=1.1471x 7 \ —
R =0.9927* A7
7/ 2021 o6
S y=12176x
R? =0.9938
L0.8

Figure 4. Relationships between relative root yield re-
duction and relative crop water consumption deficit.
ET, - actual seasonal evapotranspiration; ET  — maxi-
mum seasonal evapotranspiration; Y, — actual yield;
Y, - maximum yield

(Figure 4). In previous studies, the k_values of sugar
beet were determined as 0.73 and 1.32 by U¢an and
Gengoglan (2004), 0.95 by Kiziloglu et al. (2006),
0.93 by Topak et al. (2011), as 1.0 by Tarkalson et al.
(2018) and as 1.1 and 0.8 by Khozaei et al. (2020).
The differences in ky values were mainly attributed
to differences in climate characteristics, irrigation
regimes and sugar beet cultivars.

Water and irrigation water productivity. Effects
of irrigation treatments on WP values were found to
be significant at a 0.05 level in both years. WP values
varied between 7.45-9.57 kg/m3 and IWP values varied
between 9.04-10.34 kg/m? (Table 4). S2 treatments
yielded the highest WP and IWP values in both years,
although there were no significant differences between
S1 and S2 treatments. The greatest WP value is not

Table 4. Water productivity (WP) and irrigation water
productivity (IWP) values (kg/m3) for both years

WP IWP
Treatment

2019 2021 2019 2021
S1 9.622 8.982 8.67 7.36
S2 10.142 9.012 11.43 9.26
S3 8.942b 7.742b 10.08 8.01
S4 8.09P 6.76P - -
LSD, s 1.401 1.627
F-test * *

Indicate significant differences at P < 0.05 using the least
significant difference (LSD) test. *Significant at 5% prob-
ability level (P < 0.05). S1 - 100, S2 — 66, S3 — 33, S4 — 0%

of soil water depletion
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always found in the treatment with the highest ET
(Fabeiro et al. 2003). Siiheri et al. (2007) reported
WP values of sugar beet as between 3.0-10.0 kg/m3
and IWP values as between 5.9-14.2 kg/m3.
Topak etal. (2011) reported WP values of 7.4—8.3 kg/m?
and IWP values of 7.9-11.5 kg/m3 in sugar beet. Topak
et al. (2016) reported significant effects of different
irrigation treatments on WP values of sugar beet
and indicated the greatest WP value for 50% water
deficits. The similar range of WP values of sugar
beet was reported by Dunham (1993) and Kiziloglu
et al. (2006).

For sugar beet cultivation irrigated by drip irriga-
tion method in sub-humid climate conditions, full
irrigation (S1) treatment is recommended to get the
highest root and sugar yields. In case of limited water
resources, S2 treatment (33% water shortage) with the
highest WP and IWP values can also be recommended
as an irrigation strategy to ensure the maximum ef-
ficiency of applied irrigation water quantity.

Acknowledgement. This study contains partial
findings of the MSc dissertation of Ali Kaan Yetik.
Many thanks to Prof. Dr. Mehmet Sincik from Bursa
Uludag University in Bursa, Turkey, for conveying
the knowledge and experiences about sugar beet
cultivation throughout the study. The authors are also
grateful to Prof. Dr. Zeki Gokalp (certified English
Translator) for his critical reading and syntactic
corrections to the manuscript.

REFERENCES

Bos M.G. (1980): Irrigation efficiencies at crop production level.
ICID Bulletin — International Commission on Irrigation and
Drainage, 29: 18-25.

Bos M.G. (1985): Summary of ICID definitions of irrigation effi-
ciency. ICID Bulletin — International Commission on Irrigation
and Drainage, 34: 28-31.

Doorenbos J., Kassam A.H. (1979): Yield Response to Water. Irrigation
and Drainage Paper 33. Rome, Food and Agriculture Organisation.

Dunham R.J. (1993): Water use and irrigation. In: Cooke D.A., Scott
R.K. (eds.): The Sugar Beet Crop: Science into Practice. London,
Chapman and Hall, 279-309. ISBN-13: 978-94-010-6654-9

Fabeiro C., Martin De F,, Olalla S., Lépez R., Dominguez A. (2003):
Production and quality of the sugar beet (Beta vulgaris L.) cul-
tivated under controlled deficit irrigation conditions in a semi-
arid climate. Agricultural Water Management, 62: 215-227.

FAOSTAT (2021): FAO Statistics. Rome, Food and Agriculture Or-
ganisation of the United Nations. Available at: http://faostat.fao.
org/ (accessed 13. 4. 2021)



Plant, Soil and Environment, 68, 2022 (8): 358—-365

Original Paper

https://doi.org/10.17221/234/2022-PSE

Garrity P.D., Watts D.G., Sullivan C.Y,, Gilley J.R. (1982): Moisture
deficits and grain sorghum performance: evapotranspiration-
yield relationships. Agronomy Journal, 74: 815-820.

Hussein M., Kassab O., Abo Elli A. (2008): Evaluating water stress influ-
ence on growth and photosynthetic pigments of two sugar beet varie-
ties. Research Journal of Agriculture and Biology Sciences, 4: 936—941.

Khozaei M., Kamgar A.A., Zand Parsa S., Sepaskhah A.R., Razzaghi
E., Yousefabadi V., Emam Y. (2020): Evaluation of direct seeding
and transplanting in sugar beet for water productivity, yield and
quality under different irrigation regimes and planting densities.
Agricultural Water Management, 238: 106230.

Kirda C. (2002): Deficit irrigation scheduling based on plant growth
stages showing water stress tolerance. In: Deficit Irrigation Practices.
Water Reports 22. Rome, Food and Agriculture Organisation, 3-10.

Kiymaz S., Ertek A. (2015): Water use and yield of sugar beet (Beta
vulgaris L.) under drip irrigation at different water regimes. Ag-
ricultural Water Management, 158: 225-234.

Kiziloglu FEM., Sahin U, Tune T., Diler S. (2006): The effect of
deficit irrigation on potato evapotranspiration and tuber yield
under cool season and semi-arid climatic conditions. Journal of
Agronmy, 5: 284-288.

Koksal E.S., Glingor Y., Yildirim Y.E. (2011): Spectral reflectance
characteristics of sugar beet under different levels of irrigation
water and relationships between growth parameters and spectral
indexes. Irrigation and Drainage, 60: 187-195.

LiY.,, Fan H., Su]J., Fei C., Wang K., Tian X., Ma F. (2019): Regulated
deficit irrigation at special development stages increases sugar
beet yield. Agronomy Journal, 111: 1293-1303.

Mahmoodi R., Maralian H., Aghabarati A. (2008): Effects of limited
irrigation on root yield and quality of sugar beet (Beta vulgaris
L.). African Journal of Biotechnology, 7: 4475-4478.

Mahmoud E.S.A., Hassanin M.A., Borham T.I., Emara E.L.R. (2018):
Tolerance of some sugar beet varieties to water stress. Agricul-
tural Water Management, 201: 144—151.

Maralian H., Tobeh A., Seif Amiri S., Didar-Talesh Mikail R.,
Aghabarati A. (2008): Effects of sowing date and limited irriga-
tion on root yield and quality of sugar beet (Beta vulgaris L.).
Asian Journal of Plant Science, 7: 298—-303.

Masri M.L, Ramadan B., El-Shafai A., El-Kady M. (2015): Effect of
water stress and fertilization on yield and quality of sugar beet
under drip and sprinkler irrigation systems in sandy soil. Inter-
national Journal of Agricultural Sciences, 5: 414—425.

Ozbay S., Yildirim M. (2019): The response of sugar beet to different
irrigation levels and foliar application of micronutrients under drip
irrigation system. Mediterranean Agricultral Science, 32: 219-227.

Penuelas ., Filella 1., Biel C., Serrano L., Save R. (1993): The reflec-
tance at the 950—970 nm region as an indicator of plant water
status. International Journal of Remote Sensing, 14: 1887-1905.

Pereira L.S., Cordery I, Iacovides I. (2012): Improved indicators of
water use performance and productivity for sustainable water con-

servation and saving. Agricultural Water Management, 108: 39-51.

Rajaeifar M.A., Sadeghzadeh Hemayati S., Tabatabaei M., Agh-
bashlo M., Mahmoudi S.B. (2019): A review on beet sugar indus-
try with a focus on implementation of waste-to-energy strategy
for power supply. Renewable Sustainable Energy Reviews, 103:
423-442.

Rajakyld E., Paloposki M. (1983): Determination of sugars (and be-
taine) in molasses by high-performance liquid chromatography:
comparison of the results with those obtained by the classical
lane-eynon method. Journal of Chromatography A, 282: 595-602.

Sepaskhah S., Tavakoli A.S., Mousavi S.A. (2006): Principles and
Applications of Water Deficits. Tehran, National Committee on
Irrigation and Drainage Publications.

Stewart J.I., Hagan R.M., Pruitt W.O. (1976): Production Functions
and Predicted Irrigation Programs for Principal Crops as Re-
quired for Water Resources Planning and Increased Water Use
Efficiency. Washington, US Department of Interior.

Stiheri S., Topak R., Yavuz D. (2007): The effects of different irri-
gation regimes on yield and water use efficiency of sugar beet.
Selcuk Journal of Agriculture and Food Sciences, 21: 37-45.

Tar1 A.F, Ozbahce A., Ata G., Bilgi¢ C. (2016): Effects of different
irrigation interval and irrigation level on quality of sugar beet.
Journal of Field Crops Central Research Institute, 25: 55-60.

Tarkalson D.D., King B.A. (2017): Effect of deficit irrigation timing
on sugarbeet. Agronomy Journal, 109: 2119-2127.

Tarkalson D.D., King B.A., Bjorneberg D.L. (2018): Yield produc-
tion functions of irrigated sugarbeet in an arid climate. Agricul-
tural Water Management, 200: 1-9.

Tognetti R., Palladino M., Minnocci A., Delfine S., Alvino A. (2003):
The response of sugar beet to drip and low-pressure sprinkler irriga-
tion in southern Italy. Agricultural Water Management, 60: 135—155.

Topak R, Sitheri 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,
29:79-89.

Topak R., Acar B., Uyanéz R., Ceyhan E. (2016): Performance of
partial root-zone drip irrigation for sugar beet production in
a semi-arid area. Agricultural Water Management, 176: 180-190.

Tsialtas J.T., Soulioti E., Maslaris N., Papakosta D.K. (2011): Effect
of defoliation on leaf physiology of sugar beet cultivars subjected
to water stress and re-watering. International Journal of Plant
Production, 5: 207-220.

Ucan K., Gengoglan C. (2004): The effect of water deficit on yield
and yield components of sugar beet. Turkish Journal of Agricul-
ture and Foresty, 28: 163—-172.

Zarski J., Ku$mierek-Tomaszewska R., Dudek S. (2020): Impact of
irrigation and fertigation on the yield and quality of sugar beet

(Beta vulgaris L.) in a moderate climate. Agronomy, 10: 160.

Received: June 17, 2022
Accepted: July 18, 2022
Published online: August 24, 2022

365



