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ABSTRACT

Two field experiments were carried out at Al-Hussein Agricultural Society Farm, Giza
Governorate, Egypt, during 2017/2018 and 2018/2019 growing seasons to study the effect of three irrigation
intervals [every 3 days (the conventional practice), 5 and 7 days], two levels of zeolite (zero and 500 kg/fed)
and four levels of potassium fertilizer the first one in the form of potassium sulphate as a control [100% of
the recommended K-dose], which was applied to the soil and three foliar doses of nano- potassium (500,
1000 and 1500 mg /) on yield and quality of sugar beet grown under drip irrigation system in a sandy soil.
The treatments were arranged in a complete block design in a split-split plot with three replications. Results
revealed that increasing irrigation interval from 3 up to 7 days significantly reduced biochemical and
physiological traits and root and sugar yields/fed. Soil application of zeolite achieved the highest values of
all the parameters studied as compared to the untreated soil. Spraying beets with 1500 mg /I of nano-K
gave the same trend of the recommended K-dose. Water use efficiency (WUE) for sugar yield increased
with decreasing the amounts of applied irrigation water. Under conditions of the present work, adding 500
kg of zeolite/fed to the sandy soil, spraying beets with 1500 mg I as nano-K fertilizer and irrigating the crop
every 5 days using drip irrigation can be recommended to get the highest root and sugar yields as well as to

save water and increasing water use efficiency.
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INTRODUCTION

Nowadays, land reclamation is on the major issues of
the Egyptian Government agenda in order to overcome the
overwhelmingly unfavorable population to land ratio (Bush,
2007),in addition to the limited water resources. Water
resources  currently  available  for  use are
55.5 hillion cubic meters per year (BCM/yr) from the Nile
River, 1.3 BCM/yr effective rainfall and 2 BCM/yr non-
renewable groundwater, i.e. a total of 58.8 BCM/yr, of which,
the agriculture sector utilizes more than 85% of Egypt’s share
from the Nile. Thus, the gap between water supply and
demand is about 20 BCM/yr (MWRI, 2014). To overcome
this dilemma, modern systems as drip irrigation must be used
instead of the traditional surface irrigation, using appropriate
irrigation intervals especially in sandy soils. On the other
hand, sugar beet is sensitive to water deficit at the time of crop
emergence and for a period of about one month (Camposeo
and Rubino, 2003), they added that severe water stress
decreased leaf area and plant growth. Moreover, Neseim et al.
(2014) reported that drought stress significantly reduced all
root and leaves morphological growth characters, root yield
and white sugar/fed of sugar beet. EI-Kady et al. (2019) found
that total applied irrigation water for sugar beet was 2546
m®/season/fed under drip irrigation system in a sandy soil at
Wady EI-Notron.

Imran et al. (2019) found that increasing irrigation
intervals for sugar beet from 5 to 10 days increased sucrose
%. Irrigation every 5 days improved growth and biochemical
traits, yield and quality. Mehanna et al. (2020) indicated that
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the highest values of root diameter, and root yield of sugar
beet were given by 7 days irrigation intervals with significant
differences as compared with using 14 days under drip
irrigation system. Wang et al. (2013) explained that plant
responses to drought stress depend on the duration and
severity of the drought period and its impacts will extent to
inevitably result in oxidative damage due to the owver
production of reactive oxygen species (ROS), which can
oxidize multiple cellular components like proteins and lipids,
DNA and RNA, unrestricted oxidation of the cellular
components, which will cause the peroxidation of membrane
lipids, thus reducing the selective permeability of the cell
membrane and ultimately cause cell death. In the same
context, Brien et al. (2012) mentioned that the majority of
ROS produced in response to stress conditions is hydrogen
peroxide (H20.). Catalase (CAT) and superoxide dismutase
(SOD) are well-known enzymes involved in the
detoxification of H,O, and super oxide radicals via
conversion to water and oxygen. Therefore, the use of fast-
acting and effective alternatives such as nano fertilizers,
which have many benefits for plant compared with traditional
fertilizers because they contribute to reducing environmental
pollution, achieving sustainable agriculture, ensure favorable
environment for microorganisms, in addition to its capability
to increase crop Yields, decreasing production costs per unit
area and easy storage. Moreover, nano fertilizers have the
ability to enhance growth parameters as plant height, leaf area,
number of leaves per plant, dry matter, chlorophyll
production and the rate of photosynthesis, which result in
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more production and translocation of photosynthesis to
different parts of the plant (Manjunatha et al. 2016).
Potassium fertilizer plays a vital role in promoting
vegetative growth, enhancing nutrient transport and
increasing reactions and enzymatic activities as well as rates
that are reflected positively in providing raw materials
necessary for cell division, growth and development.
Potassium has various profound effects on the plant
physiological, biochemical and morphological
characteristics, maintain  the osmotic  balance,i.e.
osmoregulation, opening and closing of stomata, as cofactor
enzymes because it is somatically, a major active solute of
plant cell and stress resistance (Wang et al., 2013). Aysan et
al. (2014) reported that spraying with nano-K at the rate of
600 mg/l achieved an increase in leaf area, grain yield,
biological yield, and chlorophyll content of Ocimum
basilicum. Zangeneh, Nayereh and Rasouli (2018) reported
that the application of 1000 mg I? K-nano increased
chlorophyll content but 2000 mg I increased the potassium
content and activity of the enzyme of grape fruit. Abdallah,
Maha et al. (2019) showed that, under drought, foliar
application of K;SO4 (200 mg I'%) led to an increase in growth
parameters, yield components, photosynthetic pigments,
stomatal opening area in both upper and lower epidermis of
wheat plant. Likewise, Jasim et al. (2020) stated that spraying
leaves of maize with 500 mg I'* of nano potassium + 150 kg
ha? of potassium sulphate fertilizer was superior for yield.
Zeolite belongs to a group of natural minerals with
physical and physicochemical properties that can be utilized
in various fields such as construction and agriculture. Natural
zeolites are inert and non-toxic spongy mineral substances,
with a crystalline structure. Zeolite can be used as a slow-
release fertilizer. It has carrier, which is hydrated
aluminosilicates consisting of a stable three-dimensional
framework of silica and aluminum tetrahedra, which have a
molecular sieve action due to their open channel network, and
are composed of TO4 tetrahedra linked with oxygen sharing
the negative charge created by the presence of AlO; which is
balanced by cations that neutralize the charge deficiency
(Gruener et al. 2003). It can improve the efficiency of water
and nutrient use of plants and decrease runoff and sediments
amount by increasing the soil water holding capacity, acting
as slow/controlled-release fertilizer aspect of light sandy soils
in particular, which is reflected in higher yield and better
quality (Khodaei and Asilan, 2012). Zeolite decrease
application rate of N and K fertilizers, as they are carriers of
N and K fertilizers, thereby increasing efficacy. Also, zeolites
are capable to absorb part of the excess nutrients and water,
resulting in more balanced macronutrient cation ratios in the
root environment and can keep water in root zone (Savvas et
al., 2004). Akbari et al. (2011) confirmed that zeolite (500
kg/ha), significantly increased leaf area, root length and root
yield of sugar beet. Abdelwahab and Amira Soliman (2017)
pointed out that soil amendment zeolite (497.7 kg fed?)
significantly increased growth, stomatal conductance plant
pigments and yield of Evening Primrose (Oenothera
biennis,L.) under sandy soil. Tahereh et al.(2017) recorded
significant increases in root and sugar yield of sugar beet by
using zeolite under water deficient (75% of moisture
evacuated from soil). Mahmoud (2019) found that irrigation
treatment at 55% depletion of available soil moisture and soil
application of zeolite (100 kg fed™) have highly significant

effect on increasing of yield of wheat. Somayeh et al. (2020)
found that the application of zeolite 10 ton ha-! reduced the
activity of catalase and superoxide dismutase enzymes and
increased water use efficiency of amaranth plant under water-
deficit stress conditions under sandy soil.

The present research was carried out to assess the
importance of zeolite and nano-potassium fertilizer in
mitigating the negative impacts of drought stress resulting
from prolonging irrigation intervals and improving yield and
quality of sugar beet grown under drip irrigation system in a
sandy soil.

MATERIALS AND METHODS

Two field experiments were carried out at Al-Hussein
Agricultural Society Farm, Cairo-Alexandria Desert Road,
Giza Governorate, Egypt, (latitude of 31.14°N and longitude
0f 31.39°E) in 2017/2018 and 2018/2019 seasons to study the
effect of zeolite as a soil amendment, potassium fertilizer and
irrigation intervals on sugar beet growth, physicochemical
characteristics, yield and quality response under drip
irrigation system in a sandy soil. This work included 24
treatments, represent the combinations of three irrigation
intervals [every 3 days (the conventional practice), 5 and 7
days], two levels of zeolite (zero and 500 kg/fed) and four
levels of potassium fertilizer, the first one in the form of
potassium sulphate (48% K;0) as a control and three levels
of nano-K (3.2%K;0). A complete block design in a split-
split plot arrangement with three replications was used, where
irrigation intervals were allocated at random in the main plots,
levels of zeolite were distributed in the sub-plots, while the
sub-sub plots were assigned to the levels of potassium
fertilizer, where 100% of the recommended K-dose was
applied to the soil and three foliar doses of nano potassium
[500, 1000 and 1500 mg /I] were given to sugar beets as foliar
application, after 50, 65 and 80 days from sowing. Water
deficits treatments were carried out at period of about a month
after sowing. The experimental unit area was 12 m? (4 terraces
of 1 mapart and 3 m long) and 15 cm between hills. Multi-
germ sugar beet variety viz "Magribel" was sown on both side
of terraces in the 2 week of October in the 1% and 2™ seasons,
while harvesting took place at age of 180 days after sowing in
both seasons. Phosphorus fertilizer was applied in the form of
calcium super phosphate (15% P20s) at the rate of 30 kg P-Os
/fed during seed bed preparation. Nitrogen fertilizer was
applied at 120 kg N/fed as ammonium nitrate (33.5% N) in 4-
equal doses; the 1% was applied after thinning (4- true-leaf
stage) and another three ones were given at two-week
intervals, after the first one. Natural zeolite at the rate of 500
kg/fed was mixed with experimental soil at seed bed
preparation. Nano-K fertilizer was purchased from
Physiology Department (Nano-technology project), Faculty
of Agriculture, Cairo University. Zeolite was purchased from
El-Ahram Company for Mining and Natural Fertilizers, Giza,
Egypt and its analysis is presented in Table 1. Other field
practices were done as recommended by Sugar Crop
Research Institute. Transmission electronic microscope
(TEM), Model JEOL (JEM-1400 TEM, Japan) was used to
investigate and measure the size of the of K-nano particles
(6.36 - 15.00 nm) exhibited in Fig. 1 at TEM lab, Faculty of
Agriculture, Cairo University (FA-CURP) as shown by
Elavazhagan and Arunachalam (2011).Soil samples (at 0-30
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cm depth) were collected from the experimental site to
determine its physical and chemical properties using the
method described by (AOAC, 1990). as shown in Table 2-a.

Table 1. Chemical composition of natural zeolite

Metrological data of the experimental site at Southern Tahrir
region, determined as reported by Chapman and Praft (1961)
are illustrated in Table 2-b.

Chemical composition SiO TiO> AlO3

Fe203

MgO Ca0O Na20 K20 P20s

(%) 62.22 0.34 1110

1.50

0.60 271 0.78 1.08 0.36

Table 2-a. Some physical and chemical traits of the experimental soil site for 2017/2018 and 2018/2019 seasons.

Physical Particle size distribution Soil _Moisture content (%)  Available nutrients (mg/kg soil)
characteristics Sand% Silt% Clay%o texture FC WP AW N P K
2017/2018 94.0 42 18 Sandy 1519 6.11 9.08 25 17 80
2018/2019 935 46 19 Sandy 1521 6.14 907 31 19 93
Chemical o EC (dS/m) Soluble anions (meg/1) Soluble cations (meg/l)

characteristics COs HCOs CI SOs Cat+ Mg++ Na+ K+
2017/2018 8.00 041 - 052 281 083 134 047 221 0.14
2018/2019 7.95 0.76 075 325 158 161 151 2.26 0.20

Table2-b.Average agro-meteorological data of Southern
Tahrir region

°
. L2 8 o
25 <85 B5e 2<£
Month égg 258 é%é’ E§
< =
October 30.0 14.2 57 8.4
November 254 104 69 7.
December 213 6.9 69 6.2
January 19.8 5.6 67 6.1
February 212 7.3 65 70
March 238 109 63 7.8
April 28.2 114 56 8.7
Average/year 28.2 126 58 8.5
Source: Southern Tahrir agro-meteorological station,

potassium nano particle diameter (nm)

Studied traits:

Five plants were randomly collected from the middle
ridge of each sub-sub plot at 120 days from sowing to
determine the following:

1. Biochemical and physiological analysis:

Antioxidant enzymes activity in leaves: Catalase
activity (CAT) was determined by the method of Aebi
(1984).To estimate Superoxide Dismutase (SOD) activity, the
method of Beyer and Fridovich (1987) was followed.
Hydrogen peroxide (H.O;) concentration in leaves was
determined as described by (AOAC, 1990). The Enzymes
activity levels were expressed as units of enzymatic activity
per g of protein content in the samples (U/g protein).
Hydrogen peroxide (H20>) content was expressed as m mol
g* fresh weight.

Photosynthetic pigments i.e., chlorophyll a, b and
carotenoids (mg/g leaf fresh weight) were determined
according to the method described by Wettstein (1957).

Measurement and analysis of stomatal parameters:
The morphological changes of stomata in terms of stomatal
pore area (Um?) and stomatal closure% for adaxial (upper)

and abaxial (lower) surface of fully expanded leaves from
different treatments were measured as shown by Willey
(1971) through the Scanning Electron Microscope, using
SEM Model Quanta 250 FEG (Field Emission Gun) at the
Egyptian mineral resources authority, central laboratories
sector linked with the software program. Image analysis was
performed using Image J Software (http://imagej.nih.gov/ij/
docs/guide).

Leaf area (cm?) was measured using a Li-Cor area
meter LI1-3000 (Li-Cor., Inc., Lincoln, Nebraska, USA).

Leaf relative water content (LRWC) was estimated
according to the method of Weatherly (1950) and calculated
in leaves. Samples (0.5 g) were soaked up in 100 ml distilled
water inside a closed Petri dish for 24 h and their turgid
weights were recorded. Then, they were oven-dried at 65°C
for 24 h and their dry weights were recorded. LRWC was
calculated as follows:

RWC % = [(FW - DW) / (TW — DW)] x 100.

Whereas:
FW, TW and DW are sample fresh, turgid and dry weights, respectively.

At harvest, a random sample of ten guarded plants
was taken from the middle ridges of each plot to determine
the following traits:
1. Root characters:
Root length/plant (cm).
Root diameter/plant (cm).
2. Quality analysis:

Quality analysis was done on fresh samples of sugar
beet roots at Laboratory of El-Nile Sugar Factory, Egypt.

Sucrose percentage (Pol %) was determined in fresh
macerated root according to the method of Le-Docte (1927).

Impurities: sodium, potassium and a-amino-nitrogen
concentrations were estimated as meg/100 g beet, where
sodium and potassium were determined in the digested
solution using ‘Flame-photomer”. Alfa-amino-N (a-amino-
N) was determined using Hydrogenation according to the
method described by Cooke and Scott (1993).

Sugar lost to molasses percentage (SLM%) was
calculated according to the equation of Devillers (1988),

SLM = 0.14 (Na + K) + 0.25 (a—amino N) + 0.5

Extractable sugar percentage (ES %) was calculated
using the following equation of Dexter et al. (1967):

ES% = sucrose % - SLM % - 0.6

Quality index (QI) was calculated using the equation

of Cooke and Scott (1993) as follows:
QI = (extracted sugar%b / sucrose %) x 100
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3. Yields:
Root yield/fed (ton).

Sugar yield/fed (ton) was calculated according to the
following equation:

Sugar yield/fed (ton) = root yield/fed (ton) x extractable sugar%
4. Applied Irrigation Water:

In the present work, the inline emitters spacing was 30
cm (40 emitter/plot) i.e., 14000 emitter/fed. The discharge
rate of the emitter was 4 liters/hr i.e., 42 m3/fed/0.75hr. Ten
overall irrigations (a total of 420 m® water/fed) were applied
from sowing to the period of about a month after sowing.
Thereafter, water stress treatments were carried out. The
amount of given water, was 2520 m® /fed (60 irrigations)
when beets were irrigated every 3 days and was 1260 m? /fed
(30 irrigations) and 882 m® /fed (21 irrigations) plus 420 m3
/fed, when beets were irrigated every 5 and 7 days,
respectively. Hence, the total applied water was 2520, 1680
and 1302 (m®/fed/season) for each of the studied irrigation
interval, successively.

Water use efficiency (WUE) values as kg sugar/m?
water applied was calculated for each treatment after harvest
using the following equation according to Jensen (1983).

WUE sugaryield = sugar yield/fed (kg) / applied irrigation water

ffed (M9)
Statistical analysis: All obtained data were statistically
analyzed according to the technique (MSTAT- ¢) computer
software package. Using analysis of variance (ANOVA) for
the split-split plot design as published by Gomez and Gomez
(1984). Least significant of differences (LSD) method was
used to test the differences between treatment means at 5%
level of probability as described by Snedecor and Cochran
(1980)

RESULTS AND DISCUSSION

Biochemical and physiological analysis:
Antioxidant enzymes activity and Hydrogen peroxide
(H203) content:

Data in Table 3 indicate that activities of catalase
(CAT) and superoxide dismutase (SOD) enzymes as well as
hydrogen peroxide (H202) content significantly increased by
prolonging irrigation interval from 3 (traditional, practice) up
to 7 days in both seasons, with no significant differences
among 3 and 5 irrigation intervals for CAT in the 1% season
and SOD activities in the 2" season. The increase in activity
of scavenging enzymes with increasing drought stress, as the
period between irrigations increased, might be due to the
mechanisms of active oxygen species detoxification and
enhanced levels of free radicals (ROS) in plant cells under
stress conditions and correlate with production of H,O exist
in all the plants and include activation of enzymatic defense.
These results are in agree with those reported by Shahrokh et
al. (2020), they found that deficient water increased the
activities of CAT, SOD and H,O, content in sugar beet leaves.

Data in the same Table showed that the addition
zeolite as a soil amendment significantly decreased CAT
activity and H,O, content in both seasons, and SOD in the 1%
one. These results may be due to that addition of zeolite
improved soil particle aggregation, which increased water
retention capacity and thus mitigated water shortage. In
addition, zeolite has high cation exchange capacity, which
allows the absorption of cations and holds them in plant-

available form (Savvas et al., 2004). This result coincides
with those found by Somayeh et al. (2020).

The results showed that antioxidant enzymes activity
and HO content increased with foliar application with nano-
K fertilizer at 500 and 1000 mg I as compared to the soil
application of the recommended K-dose (48 kg K O/fed) in
both seasons. These increases were insignificant for CAT
activities in the 1%t season. On the other hand, increasing nano-
K level up to 1500 mg I resulted in a reduction in CAT
activity and H,O. content in the two seasons, with
insignificant differences between the recommended K-level
added to the soil and 1500 mg I sprayed on beet tops for SOD
activity in 1% season and H,O, content in both seasons. These
findings might be due to the beneficial role of nano-K
fertilizer, which deliver the nutrients in the right place and
right time and increase the nutrient use efficiency, which have
been considered as smart delivery system (Manjunatha et al.,
2016). Enhanced effect of K via improved water retention in
plant tissues and therefore reduces production of ROS
(especially H207), which improve cell membrane stability
and osmotic adjustment ability, and hence reduce antioxidant
enzymes activity. These results are in harmony with those
obtained by Zangeneh, Nayereh and Rasouli (2018).
Stomatal parameters:

Data in Table 3 show that increasing irrigation interval
from 3 to 5 and 7 days significantly and gradually decreased
stomatal pore area (SPE) on the upper and lower surfaces of
leaves. However, the difference in this trait was insignificant
for the upper (adaxial) leaf surface in the 1% season and lower
(abaxial) surface in 2™ one, when beets were irrigated every 3
and/or 5 days, respectively. Stomatal closure% (SC %) on
both leaf surfaces increased significantly with increased
irrigation intervals in both seasons. These results may be due
to, the stressed plants substantially enhanced accumulation of
ABA in leaves, which sets up ionic imbalance that compels
K+ to leak out from guard cells and loss of guard cell turgor
pressure thus, narrowing the aperture that would be due to
reduced leaf relative water content and increased stomatal
closure. An increase in stomatal closer % and decrease in
stomatal pore area under water stress (60% of irrigation water
requirements) was found by El-Kady et al. (2019).

Significant differences in stomatal criteria were
observed due to zeolite application (Table 3). Addition of 500
kg zeolite / fed enhanced (SPE) by 12.04 and 12.34% on the
upper and lower leaf surfaces, respectively in the 1% season,
corresponding to 11.69 and 11.65% in the 2" one, as
compared to the soil left without zeolite. However, zeolite
caused a significant reduction of (4.01 and 4.10%) and (2.01
and 2.69%) in (SC %) of the upper and lower leaf surfaces, in
the 1% and 2" season, respectively. These results may be due
to extraordinary sponginess of zeolite, which can absorb
water up to 60% of their volume (Gruener et al. 2003); hence
it can provide and ensure sufficient water in the root zone of
plants for a longer time in sandy soils.

Table 3 point out that increasing nano-K fertilizer
levels from 500 to 1000 and 1500 mg /I sprayed on beet tops
significantly increased (SPE) and decreased (SC%) on the
upper and lower leaf surfaces in both seasons. Spraying of
nano-K fertilizer at rate of 500 mg /I significantly decreased
(SPE) and significantly increased (SC %) on the upper and
lower leaf surfaces as compared to beets given 48 kg K,O/fed
added to the soil (K1), in both seasons. The same trend was
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obtained with spraying nano-K fertilizer at 2000 mg /I, but
these increases were significant for (SPE) in both leaf
surfaces, in the 1% season and the upper leaf surface, in the 2™
one. Spraying beets with nano-K at the highest level had
similar effect of traditional K fertilizer (48 kg K»O/fed), where
it produced the highest (SPE) and the lowest (SC %) as
compared with the other treatments, in both seasons, without
significant differences between them. These results may be
referred to that nano-particles have a diameter of less than 100

nm (6.36 - 15.00 nm) as shown in Fig.1, where can easily
penetrate through the stomata of leaves and translocate from
leaves through the phloem sieve, where elements are then
redistributed to plant parts (Wang et al. 2013). Moreover,
Abdallah et al. (2019) mentioned that, in most plant species,
K* has the major act for turgor changes in the guard cells
during stomatal movement. An increase in K* concentration
in the guard cells results in the uptake of water from the
adjacent cells then the stomata opining.

Table 3. Antioxidant enzymes activity, hydrogen peroxide (H202) and some stomatal parameters as affected by
irrigation intervals, zeolite and potassium fertilizer levels in 2017/2018 and 2018/2019 seasons.

Antioxidantlenzymes activity H,0, Stomz;tal parameters

Ug™ protein, 9

Treatments = T( gtp S)OD (umol g™ (fw) Storlr;atal pore area 2(t:jm) Slts?matal closure 2/(n)d

it o 1 2nd i 2nd U L U L U L U L

Irrigation intervals (day)

3 0394 0384 11559 11748 1366 1392 3726 3372 3845 3448 2018 4057 1819 38.63

5 0403 0399 12396 11947 1671 1445 3662 3216 3742 3343 2258 4549 2128 4437

7 0421 0403 15725 13208 2161 1923 3254 2810 3362 3023 3327 6136 3084 5877

LSD at 5% 0010 0009 491 893 053 048 086 101 09 118 125 160 073 105

Zeolite/fed (kg)

Without 0414 0403 14014 12330 1832 1672 3346 2950 3448 3091 2735 5119 2444 4860

500 0397 0388 12439 12272 1633 1502 3749 3314 3851 3451 2334 4709 2243 4591

LSD at 5% 0.007 0.008 4.01 NS 043 039 070 083 078 09 102 131 059 086
Potassium fertilizer levels

K1 0407 0390 127.95 12494 1593 1438 3666 3244 3760 3334 2445 4788 2292 4551

K2 0411 0402 13725 12717 1977 1872 3367 2951 3447 3101 2722 5174 2543 4972

K3 0414 0409 13589 119.02 1804 1629 3485 30.73 3597 3223 2558 4920 2329 4801

K4 0391 0377 12797 12091 1556 1410 36.73 3262 3796 3427 2413 4772 2210 4578

LSD at 5% 0011 0.010 567 NS 0.61 055 099 117 111 136 144 185 084 122

K1= 48 kg/fed potassium sulphate (48% K,0); K2 =500 mg I* nano-K; K3 = 1000 mg I nano-K; K4 = 1500 mg I* nano-K, CAT = Catalase,
SOD = Superoxide Dismutase, U = Upper leaf surface, L = Lower leaf surface, 1% = first season, 2= second season.

Photosynthetic pigments, leaf area, leaf relative water
content (LRWC), root characters and yield:

Data in Table 4 show that chlorophyll a, chlorophyll
b and carotenoid content in leaves, leaf area, leaf relative
water content (LRWC), root diameter and root yield/fed
significantly decreased by prolonging irrigation interval from
3 (check treatment) to 7 days, while root length increased in
both seasons. However, the difference in this trait was
insignificant for chlorophyll a, LRWC and root diameter in
the 2™ season and root yield in both seasons, when irrigation
was practiced every 3 and/or 5 days. The decrease in root
yield per feddan with widening irrigation interval from 3to 7
days amounted to 2.85 and 2.94 tons fedin the 1 and 2™
season, respectively. These results may be ascribed to severe
water stress, associated to longer irrigation intervals,
increased H,0O- contents, which led to oxidation of proteins,
damage to nucleic acids, programmed cell death cause of
cellular damage (Brien et al. 2012). Also, reduction in light
interception as leaf expansion is reduced as well as reductions
in CO fixation per unit leaf area as stomata close (Table 3) or
photo-oxidation damages the photosynthetic mechanism.
These results are in conformity with the findings of Neseim et
al. (2014) and Imran et al. (2019).

The results in Table 4 clear that the addition of 500 kg
zeolite/fed as a soil amendment significantly increased all
mentioned traits as compared to untreated one in both
seasons. The increment in root yield amounted to 2.27 and
1.95 ton/fed in the 1% and 2™ season, successively. The
increases in all studied traits might be referred to the role of
zeolite, which can act as a natural wetting agent. It is an

excellent amendment for non-wetting sands and to assist
water distribution through soils. In addition, zeolite can hold
nutrients in the root zone of plants until required. (Khodaei
and Asilan, 2012). These results are in agreed with those
obtained by Akbari etal. (2011) and Tahereh et al. (2017).

Data in the same Table clear that increasing nano-K
fertilizer levels from 500 to 1000 and 1500 mg /I sprayed on
beet tops significantly increased all mentioned traits presented
in Table 4 in both seasons. Spraying of nano-K fertilizer at the
rate of 500 mg /I significantly decreased all the
aforementioned traits, in both seasons. The same trend was
obtained with spraying nano-K fertilizer at 1000 mg /I, with
higher values of all traits over 500 mg /I in the 1% and 2™
seasons. Spraying beets with nano-K at the highest level had
similar effect of soil application of the recommended K-dose
(48 kg K:Offed), with significant increase in carotenoids,
LRWC and root yield in the two seasons as well as root length
and chlorophyll b in the 2™ season. The increase in root yield
amounted to 2.01% and 1.74% in the 1% and 2™ season,
respectively. These results might be due to the role of K,
which has an important function in photosynthesis,
translocation of assimilates osmo-regulation, stomata
movement and area as show in Table 3, Also, nano particles
have small size with physicochemical properties, i.e. wide
specific surface area, high reactivity, tunable pore size, which
may allow them access to a variety of plant surfaces and
transport channels (Wang et al. 2013).These results reflected
partial agreement with those obtained by Zangeneh, Nayereh
and Rasouli (2018).
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Table 4. Photosynthetic pigments, leaf area (LA), leaf relative water content (LRWC), root characters and root yield
as affected by irrigation intervals, zeolite and potassium fertilizer levels in 2017/2018 and 2018/2019 seasons.

Photosynthetic pigments (mg/g f.w.) LA (cnm?) LRWC% RL(cm) RD(cm) RY /fed(ton)

Treatments 1S?hl.e;nd 1§hl.§nd 1§:aro£.nd 1t ond 1t ond 1t o gt ond st ond
Irrigation intervals (day)

3 530 663 281 319 119 126 17268 17573 82.86 80.29 2944 30.78 1052 11.73 2324 2429

5 503 6.44 233 275 074 108 169.12 17498 7594 7940 30.14 32.87 9.88 11.69 2332 2422

7 465 599 162 202 063 093 15517 16391 71.05 7467 3211 3357 914 1078 2039 2135

LSD at5% 005 020 004 007 003 008 383 459 035 091 055 015 044 012 026 0.28

Zeolite/fed (kg)

Without 488 6.15 216 258 079 102 16202 16827 7442 7682 29.74 3158 9.03 1067 2118 2231

500 511 657 235 273 092 116 169.29 17481 7882 7942 3139 3323 10.69 1213 2345 2426

LSD at5% 004 017 004 007 003 005 274 248 012 060 059 013 038 014 022 018
Potassium fertilizer levels

K1 512 647 238 261 095 118 16820 17440 76.94 7853 30.95 32.73 1042 1192 2340 2408

K2 472 611 195 259 070 094 160.05 166.08 7254 7535 2930 3092 886 1052 20.10 21.72

K3 497 633 227 264 080 102 16612 17090 7712 77.86 3055 3215 9.60 11.14 2190 2284

K4 515 653 240 277 097 122 16826 17477 7983 80.74 3145 3382 1050 1201 2387 2450

LSD at 5% 006 010 004 0.08 002 003 354 338 018 039 053 020 029 010 022 020

K1= 48 kg/fed potassium sulphate (48% K;0); K2 =500 mg I* nano-K; K3 =1000 mg I* nano-K; K4 =1500 mg I* nano-K, LA=Leafarea, LRWC
= Leaf relative water content, RL=Root length, RD=Root diameter, RY=Root yield, 1% = first season, 2= second season.

2.Quality parameters:

Data in Table 5 indicate that sucrose%, potassium,
alpha amino nitrogen, sucrose lost to molasses%, and sugar
yield/fed of sugar beet were significantly affected by
irrigation intervals in both seasons as well as extracted sugar%
in the 1% one and quality index in the 2™ one. Significant
increases in sucrose%o, juice impurities and sucrose lost to
molasses with increasing irrigation intervals from 3 up to
7days, while the highest increment in SY/fed was produced,
when beets were irrigated every 5 days in both seasons as

compared to those irrigated every 7 and/or 3 days. However,
the difference was insignificant between 3 and 5 days
irrigation intervals for sucrose% in the 1%t and 2™ seasons as
well as root K content in the 1% one, ES% in 2" one and
between 5 and 7 days irrigation intervals for Q1% in the 1%
season. In this connection, Bloch and Marlander (2006) stated
that under drought conditions, sugar beet accumulates high
concentrations of compatible solutes, such as potassium,
sodium, amino acids, glucose and fructose which are the most
important osmotically active compounds.

Table 5. Some technological parameters as affected by irrigation intervals, zeolite and potassium fertilizer levels in

2017/2018 and 2018/2019 seasons.

Sucrose Impurities (meg/100 g beet) SLM ES Ql SY/fed

Treatments % K Na a-amino N % % % (ton)

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

Irrigation intervals/days
3 1858 1823 461 459 198 200 097 098 167 167 1631 1597 8774 8773 381 389
5 19.02 1966 509 490 192 196 145 136 184 182 1658 1728 8708 8751 388 419
7 1945 1984 528 507 194 192 188 192 198 196 1687 1726 86.67 87.03 346 370
LSD at5% 058 064 032 031 NS NS 033 035 011 014 NS 068 071 NS 007 020
Zeolite/fed (kg)
Without 1837 1866 524 506 228 233 178 166 200 195 1578 16.11 8586 8631 334 359
500 1965 1983 474 464 162 159 109 118 166 167 1739 1756 8847 8854 408 4.26
LSD at5% 037 042 029 020 013 007 023 021 006 008 039 042 044 042 008 010
Potassium fertilizer levels

K1 1880 1866 529 497 213 215 161 162 194 190 1626 1616 8645 8656 381 3.89
K2 1817 1850 487 467 189 191 146 150 181 180 1575 1610 86.69 87.00 317 350
K3 1922 1989 483 484 190 192 133 129 178 177 1684 1752 8755 8805 369 4.00
K4 1988 1992 493 488 186 185 133 126 178 176 1749 1756 8798 8810 418 430
LSD at 5% 028 031 013 017 009 009 009 011 003 004 028 031 024 030 0.08 0.09

K1= 48 kgffed potassium sulphate (48% K,0); K2 =500 mg I* nano-K; K3 = 1000 mg I* nano-K; K4 = 1500 mg I*

nano-K, K= Potassium,

Na= Sodium, a-amino N= Alpha amino nitrogen, SLM= Sugar loss in molasses, E.S= Extracted sugar, Ql= Quality index, SY= Sugar yield,

1% = first season, 2"= second season.

Moreover, Wang et al., 2013) explained that the
accumulation of compatible solutes is a strategy of many
plants which might contribute to sustain physiological
processes such as stomata opening, enzymes activity of the
antioxidant, photosynthesis pigment, leaf area, leaf relative
water content, which corresponds with the presented results
in the Table 3 and 4.

The results manifested that soil application of zeolite
appreciably affected all of the above mentioned traits in the 1%
and 2" seasons as compared to the untreated soil. These
results pointed to a positive effect of zeolite in reducing juice

impurities (K, Na and a-amino N), SLM% and improved SY
/fed. These results may be ascribed to relatively better
conditions in the rhizospheric zone as a result of zeolite
application, which can preserve the moisture of the soil for
long-term and increase availability of nutrients to sugar beet
plants (Khodaei and Asilan, 2012).

Data in Table 5 show that soil application of
potassium sulphate and three levels of foliar nano -K had a
significant effect on sucrose %, impurities (K, Na and o-
amino N meg/100g beet), SLM%, ES%, QI% and SY /fed in
both seasons. Foliar spray with K2 (nano-K) significantly
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decreased impurities, SLM and SY fed? seasons as well as
sucrose% and ES% in the 1¥season one as compared to
(100% soil K at recommended dose). The same trend was
obtained with spraying nano-K fertilizer at 1000 and/or 1500
mg /I for impurities and SLM in both seasons, except K in the
2" season. Sucrose % and ES% increased significantly as
compared to the soil application of the recommended K-dose
in both seasons. Application of K4 increased sucrose% and
ES% in the 1% season substantially and over passed K3, in the
1% season. Foliar spray with K4 increased SY/fed by 9.71 and
10.54%, in the 1%t and 2™ season, respectively as compared to
that given 100% traditional K fertilizer. These results cleared
that the highest values of impurities (K, Na and a-amino N),
sugar lost to molasses was recorded with (100% soil K at the
recommended dose) in both seasons. Significant decreases in
impurities values were recorded with increasing the level of
nano-K reflecting the benefits of using nano-materials to feed
sugar beet and to eliminate the negative impact of impurities
on sugar beet quality. Despite the vital role of potassium in
supporting phloem loading at high concentrations of sucrose,
it led to s increasing impurities in roots (Brien et al., 2012).
3. Significant interaction effects:
The first order interaction

Data in Table 6 manifest that the addition of zeolite to
the sandy soil under the studied irrigation intervals led to
significant increases in chlorophyll a, b and sucrose % as
compared to untreated one. The increments in the previously
mentioned traits tend to decrease as the irrigation interval was

prolonged from 3 up to 7 days except sucrose %. On the
contrary, higher values of activity of superoxide dismutase
(SOD) and sugar lost to molasses (SLM %) were recorded in
beets grown in soil left without zeolite, with ascending
increase in SOD and SLM as irrigation interval was widened.
These results point to the role played by zeolite in alleviating
drought, accompanying the increase in irrigation intervals, by
absorbing a portion of the excess nutrients and keeping water
in root zone (Khodaei and Asilan, 2012). Concerning
sucrose%, Brien et al. (2012) noted a positive correlation
between sucrose concentration and the number of cambium
rings and the distance between rings, which decreased under
severe drought, therefore the storage capacity of the root is
affected by long watering duration.

Data in Table 7 indicate that the difference between
the recommended K-level added to the soil (K1) and 1500 mg
I'* sprayed on beet tops (K4) was insignificant in their effect
on root yield/fed (in both seasons) and SOD (in the 1% one),
when sugar beet was irrigated at 3-day intervals.

However, the variance between K1 and K4 was
significant under 7-day intervals. There was insignificant
difference between K1 and K3 in their influence on sugar
yield/fed and sucrose% (in the 1% season) when beets were
irrigated every 3 days, with a significant variance between K1
and K3 under wider irrigation intervals i.e., 5-and 7-days
intervals. However, sugar yield showed opposite results
concerning irrigation intervals, in the 2™ season (Table 7)

Table 6. Significant interaction between irrigation intervals and zeolite affected on some biochemical traits, sucrose%o

and sugar loss to molasses%o of sugar beet.

Irrigation Zeolite/fed SOD(Ug? pro.) Chl.a(mg/gfw) Chl. b(mg/g fw) Sucrose%o SLM%

intervals (day) (kg) 1%t 1%t 1t 18 2 18t

3 Without 117.86 513 2.66 17.89 17.59 1.76
500 113.31 5.46 2.96 19.26 18.88 157

5 Without 131.09 494 223 18.32 19.06 2.00
500 116.83 511 242 19.72 20.26 1.68

7 Without 171.46 4.56 158 18.91 19.32 2.23
500 143.04 4.75 1.66 19.98 20.35 1.73

LSD at 5% 6.95 0.06 0.08 0.65 0.72 0.09

SOD= Superoxide dismutase, chl. a =Chlorophyll a, chl.b= Chlorophyll b, SLM= Sugar loss to molasses

Table 7. Significant interaction between irrigation intervals and potassium fertilizer levels affected on some
biochemical, physiological, quality traits, root and sugar yields/fed of sugar beet.

Irrigation K fertilizer SOD(Ug™! pro.) HzOz(pmolglfw) SC%( L) RY/ffed(ton) Suc.% K (meq/lOOg beet) Q1% SY/fed(ton)
intervals(day) levels 1t 2nd ot od st 2d  pnd gt ond
K1 115.24 12.62 3734 2424 2494 1852 5.17 470 86.68 3.90 3.84
3 K2 105.45 16.00 39.80 21.05 2291 18.03 441 416 8750 3.34 355
K3 123.06 14.01 3894 2321 2423 1835 448 466 8799 377 401
K4 118.61 13.07 3843 2448 25.09 1940 437 483 87.89 422 416
K1 123.86 13.40 4383 2438 2492 1871 522 496 86.97 395 4.17
5 K2 115.42 16.48 4669 20.77 2249 1800 5.02 480 87.16 324 3.70
K3 125.76 15.05 4445 2322 2413 1943 501 495 8833 397 435
K4 130.79 12.90 4252 2487 2531 1994 511 487 8848 437 455
K1 162.81 16.66 5536 2158 2236 19.16 549 525 86.03 357 3.67
7 K2 123.99 2367 62.67 1847 19.76 1847 517 505 86.34 295 3.26
K3 161.86 19.82 60.66 19.25 20.15 1987 515 492 8782 335 365
K4 180.35 16.78 5640 2227 2311 2028 531 505 87.94 3.96 421
LSD at 5% 9.82 0.96 211 038 035 049 0.19 025 042 014 015

SOD= Superoxide dismutase, H,O,= Hydrogen peroxide, SC (L) %= Stomatal closure%b of leaf lower surface, RY=Root yield, Suc.%= Sucrose, Ql=

Quality index and SY= Sugar yield

Root potassium content was insignificantly affected in
case of fertilizing beets with (K1 and K4), in the 1% season or
(K2 and K4), in the 2" one, when beets were irrigated at wider
intervals i.e., 5 and 7 days, with a marked difference between

the K-fertilizer levels under closer intervals i.e., irrigation
every 3 days (Table 7). Insignificant variance was detected in
both SC% (L) and H2O; as affected by (K2 and K3) and (K3
and K4), respectively, when irrigation was applied every 3
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days interval, with a significant variance between the
concerned K levels, when it was given every 5 days (Table 7).

The results in Table 8 indicate that the difference
between the recommended K-level added to the soil (K1) and
foliar application with nano-K fertilizer at 1500 mg I (K4) in
their effect on chlorophyll a, without addition of zeolite, in the
2" season were insignificant. However, the difference
between K1 and K4 reached the level of significance when
500 kg zeolite/fed was applied, due to higher values of these
trait produced by K4 over that obtained by K1.

Table 8. Significant interaction between zeolite and

potassium  fertilizer levels affected on
chlorophyll a, yield and quality of sugar beet.

. K RYfed Suc. QI  SYYield/
(Zlf‘;"te’fedfertinzer Chl.a “iom) o %  fed (ton)
9 levels 29 g 1% pd s o
K1 6.31 2333 1828 8546 347 3.63

Without K2 591 2036 1765 8559 286 3.10
K3 6.12 2189 1826 87.04 3.26 3.67

K4 6.25 2363 1930 87.16 3.79 3.97

K1 6.63 2482 1931 87.66 415 4.15

500 K2 6.30 2307 18.68 8841 349 391
K3 6.54 2378 20.17 89.06 412 4.33

K4 6.82 2537 2045 89.04 458 4.64

LSDat 5% 0.14 028 040 043 012 013

Chl.a= Chlorophyll a, RY=Root yield, Suc.= Sucrose% , Ql= Quality

index, SY= Sugar yield

Data in the same Table showed insignificant
difference in sucrose% (in the 1% season) and sugar yield/fed
(in the 2" one) as affected by K1 and K3, when sandy soil
was left without zeolite application. However, beets fertilized
with K3 surpassed those given K1, when 500 kg zeolite/fed

was mixed with the soil, which disclose the beneficial role of
zeolite in ensuring nutrients for sugar beet crop in sandy soils.
The second order interaction

The second order interaction among the studied
factors had a significant effect on the traits presented in Table
9. The widest stomatal pore area, either on the upper or the
lower surface of leaves of sugar beet was found in plants
fertilized with K4 and irrigated every 5 days with the addition
of zeolite, in the 2" season, pointing to the role of potassium,
especially as nano particles and zeolite, which may contribute
in water conservation in the sandy soil.

The highest value of stomatal closure % on the upper
surface of leaves of sugar beet was recorded in sugar beet
fertilized with K2 and irrigated at the least frequent irrigation
interval i.e., every 7 days, without addition of zeolite, in the
2" season, showing the negative influence of water stress as
irrigation intervals were prolonged, in addition of the absence
of zeolite on the closure of leaf stomatal.

Data in Table 9 exhibited a significant difference in
root yield/fed in response to fertilizing beets with K1 and/or
K4, as the period between irrigation was widened up to 7
days, while the difference between K1 and K4 in this trait was
insignificant under 3 and 5-day irrigation intervals, without
zeolite application, in both seasons. On the other hand, the
variance in root yield/fed was insignificant in case of applying
K1 and/or K3, irrigating sugar beet at 3-and 5-day intervals,
with the addition of zeolite, with a significant variance
between these two K-fertilizer levels in this trait at the longest
irrigation intervals i.e., 7 days. These results cleared the
distinguished role of zeolite addition in saving K-fertilizer
under higher water stress in sandy soil, compared to that left
without zeolite application.

Table 9. Significant interaction between irrigation intervals, zeolite and potassium fertilizer levels affected on some

physiological traits yield and quality of sugar beet.

Irrigation Zeolite K Stomatal pore  Stomatal RY/ K | SY/
intervals [fed fertilizer area (Um?) closure%o fed (meg/ 3 fed
(day) (kg) levels [(9)) L) V) (ton) 100 g beet) ° (ton)

2nd 2nd 1st 2nd 1st 1st 1st 2nd

K1 3822 3318 18.18 2355 24.45 5.57 8563 364 361

Without K2 3425 3125 19.73 19.38 21.30 4.20 8670 291 311

K3 3589 3278 17.98 21.83 2320 463 8681 327 366

3 K4 3657  34.00 18.76 2353 24.32 4.67 8798 393 385

K1 4211 3598 1755 24.92 2543 4.77 8802 417 406

500 K2 3836 3543 18.61 2271 2451 4.62 8819 376 399

K3 3944 3537 17.74 2458 25.26 4.33 89.13 426 437

K4 4187 37.86 16.93 2543 25.85 4.06 8949 451 447

K1 3758 3350 2143 2331 2452 5.46 8520 361 390

Without K2 3300 29.14 24.69 20.01 20.84 543 8528 301 322

K3 3521 3025 22.83 2223 2313 534 8601 350 401

5 K4 3589 3233 2041 2348 24.62 5.46 8664 390 425

K1 4033 3640 20.00 25.45 25.33 497 8767 429 443

500 K2 3741  32.38 22.46 2152 24.14 4.62 8764 346 419

K3 3783 3529 19.88 2420 25.12 4.67 89.04 443 468

K4 4300 3812 18.50 26.25 26.00 4.76 89.14 485 481

K1 3320 2846 3057 20.11 21.02 5.66 8466 317 3.38

Without K2 3053 2661 3531 17.48 18.95 5.59 8422 265 2.9

K3 3132 29.00 3240 18.40 19.35 5.48 8532 302 334

7 K4 3214 3045 31.00 20.80 21.95 542 8587 353 381

K1 3545 3253 29.76 23.06 2371 5.32 8753 398 3.9

500 K2 3325 3124 31.80 19.46 20.57 4.76 8807 324 357

K3 36.12 3071 2891 20.11 20.96 482 8897 367 395

K4 3700 3287 27.00 23.73 24.27 5.19 8873 438 460

LSD at 5% level 0.89 1.05 112 0.53 0.49 0.43 0.59 020 024

U= Upper leaf surface, L= Lower leaf surface. RY=Root yield, ,Q1= Quality index, SY= Sugar yield
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Data in Table 9 manifest that the highest value of
potassium content in roots was obtained in beets fertilized
with K1 without soil addition of zeolite and irrigated at the
longest irrigation intervals i.e., every 7 days, while the lowest
value was recorded in beets sprayed with K4 with soil
application of zeolite, and irrigated every 3 days in the 1%
season, showing that root-K, as one of the harmful impurities
decreasing the extractability of sugar from beets, is actually
increased under water stress soil conditions.

The results point to a significant difference in QI % as
affected by K1 and K2, without addition of zeolite to the soil,
under the most frequent irrigation i.e., every 3 days. However,
as irrigation intervals were prolonged to 5 and 7 days,
insignificant variance was found between K1 and K2 in their
influence on this trait, when zeolite was not applied (Table 9).

The results pointed to insignificant variance in sugar
yield, when beets were fertilized with K1 or K3, irrigated
every 3 and/or 5 days. However, the difference in SY/fed, as
affected by K1 or K3, was significant in case of irrigating
beets every 7 days, when zeolite was added to the sandy soil
in both cases in the 1% season. The highest root and sugar
yields/fed were produced by spraying sugar beet with 1500
mg I,(K4) adding 500 kg zeolite/fed and irrigating it every 5
days.

Water use efficiency (WUE):

Data in Table 10 show that decreasing irrigation
frequency from the traditional practice i.e, every 3 days (2520
méwater/fed/growing season) to 5 days (1680)
méwater/fed/growing season) and 7 days (1302) m?
water/fed/growing season) significantly increased water use
efficiency (WUE), calculated as sugar yield (kg/fed) /m® of
the seasonal applied water. The same trend was found in the
2" season. These results were probably due to lower amount
of water applied per growing season as irrigation interval was
increased. These finding are in agreement with that
mentioned by Somayeh et al. (2020).

Application of zeolite to the sandy soil caused
significant improvement in WUE calculated on sugar basis,
with increments amounted to 21.54 and 1857% over
untreated soil in the 1% and 2™ season, respectively. These
finding could be referred to that using zeolite to decreases
water leaching and ensures its availability, which improved
plant growth and increased sugar yield (Table 5) and
ultimately increased WUE.

The results show that the highest value of WUE
resulted from spraying beets with1500 mg I* as nano-K-
fertilizer (K1), followed by the recommended K-dose in the
1% season, while the lowest value of WUE was recorded from
beets given 500 mg I* as nano K-fertilizer (K2), in both
seasons. These results can be attributed to the same trend of
sugar yield (Table 5). In addition, the difference in WUE as
affected by K1 and K3 was insignificant, in the 2" season.
These results are in accordance with those obtained by
Neseim et al. (2014).

Concerning the significant effect of the interaction
between irrigation intervals and zeolite levels on WUE in both
seasons, it was found that the difference between zeolite
levels was ascendingly increased as the irrigation intervals
was prolonged. These results point to the role played by
zeolite as water stress increased.

Table 10. Water use efficiency (kg sugar/m?® water) under
the studied treatments

Irrigation Potassium WUEsugar
intervals  fertilizer Zeolite/fed (kg) (B)
(day) (A) levels (C) 1%t Season 2" Season
Without 500 Mean Without 500 Mean
K1 145 165 155 143 161 152
3 K2 115 149 132 123 158 141
K3 130 169 150 145 173 159
K4 156 179 167 153 177 165
Mean 136 166 151 141 167 154
K1 215 255 235 232 263 248
5 K2 179 206 193 192 249 221
K3 208 264 236 239 279 259
K4 232 287 260 253 288 271
Mean 209 253 231 229 270 249
K1 243 306 275 260 304 282
7 K2 204 249 227 227 274 251
K3 232 282 257 257 3.03 280
K4 271 336 304 293 353 323
Mean 238 293 263 259 309 284
Mean of zeolite 195 237 216 210 249 229
f K1 201 242 222 212 243 227
L\:gﬁ?zgr K- ko 166 202 184 181 227 204
levels K3 190 238 214 214 252 233
K4 220 268 244 233 273 253
L.S.D at5%
A 0.04 0.12
B 0.05 0.06
C 0.05 0.07
AxB 0.06 0.06
AxC 0.13 NS
BxC 0.06 NS
AxBxC 0.11 NS

As for the significant interaction of irrigation intervals
and K levels in the 1% season, insignificant difference in WUE
was recorded, when beets were fertilized with K1 and/or K3,
under 3 and 5-day irrigation intervals, with a significant
variance between these K levels under the widest period
between irrigations i.e., 7 days.

In respect to the significant interaction of zeolite and
K levels in the 1% season, insignificant difference between K1
and K3 in their influence on WUE, with the addition of 500
kg zeolite/fed, while the difference between these K-fertilizer
levels were appreciable without application of zeolite.

The 2" order interaction among the studied factors
had a significant effect on WUE in the 1% season. The
difference in WUE as affected by K3 and K4 was
insignificant under the shortest period between irrigation
intervals (3 days), while the difference in this trait was
substantial under longer periods of irrigation intervals (5 and
7 days), with the addition of 500 kg zeolite/fed. Adding 500
kg of zeolite/fed, spraying beets with 1500 mg I* nano-K
fertilizer and irrigating the crop every 7 days save water and
achieve the highest water use efficiency followed by irrigating
every 5 days as compared to traditional practice (irrigating
every 3 days).

CONCLUSIONS

Under conditions of the present work, adding 500 kg
of zeolite/fed to the sandy soil as a soil amendment to
maintain its water and nutrients content, spraying beets with
1500 mg I*as nano-K fertilizer and irrigating the crop every
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5 days using drip irrigation can be recommended to get the
highest root and sugar yields as well as to save water and to
raise water use efficiency.
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