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WO FIELD experiments conducted during 2013/14 and 2014/15

seasons to study the effect of three potassium levels i.e., 0 (Ky),
25 (Ky) and 50 (K3) kg K/fed and five foliar spraying with mixture of
micronutrients (B+Zn) Ty, (B+Mn) T,, (Zn+Mn) T3, (B+Zn+Mn) T,
and (water as a control) Ts on yield and its attributes of two sugar beet
varieties i.e., Farida (V1) and Demo (V,). The experimental design
was a split-split plot in RCBD with three replications where varieties,
potassium levels and micronutrients were allocated in the main, sub
and sub-sub plots, respectively.

Results indicated that potassium and foliar spray with
micronutrients mixture fertilization had a highly significant (P < 0.01)
positive effect on yield, yield components and quality traits, varieties
differed significantly in root length, root fresh weight, yields in terms
of root, top biological, gross sugar and extractable sugar, as well as
harvest index in both seasons.

The highest yields of root and top were 53.25 & 49.96, 15.21 and
15.55 t/fad (fad= faddan= 4200 m?) in both seasons, respectively as well
as, root fresh weight (2661.50 g/plant) and extractable sugar yield
(12.67 t/fad) in the first season were obtained by Demo (V2) variety
with 50 kg K/fad (K3) with mixture of micronutrients B+Zn+Mn (M4).
Correlation analysis revealed the presence of highly significant r values
between gross sugar yield with each of root yield and gross sugar (%).

Keywords: Sugar beet varieties, Potassium, Microelements, Yield and
Quality.

Sugar is a key item to different nations of the world, since it comes directly after
wheat from the vital significance perspective in numerous nations of Europe,
Africa, North and South America and Australia. While, it possesses the 2™ order
after rice in Asian nations. Sugar varies than any other food commodity in being
consumed every day at different rates by all people regardless of their standards
or classes. In addition to the direct consumption of sugar, it is likewise utilized as
a part of numerous chemicals, painting materials and other industries.

It is worth mentioning that due to limited water resources and arable area that
characterized with reasonable environmental conditions required for cane
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plantation, together with increasing magnitude of the total demand in sugar, it
becomes necessary to pay more consideration to sugar beet crop.

Sugar beet crop, (Beta vulgaris L.) is occupied the 2" position for sugar
production in Egypt and in a lot of nations everywhere the world. Agriculture
policy of Egypt supports sugar beet cultivators, to increase the cultivated area so
increase sugar production and decrease the gap between production and
consumption of sugar.

Selecting the promising varieties and their appropriate potassium fertilization
as well as effective micronutrients are very essential parameters in sugar yield
and quality. It is obvious that yield is the product of the genetic composition and
environmental condition prevailing during plant growth. The genetic pattern is
relatively fixed for a given variety but the environment affects the development
through its interaction with genetic composition. Refay (2010) showed that fresh
and dry root weight and other yield quality parameters in addition to chemical
composition of roots were greater for Samo-2 variety as compared to those other
two Univers and Samo-1. He included that, the superiority of Samo-2 variety
may be attributed to its genetic made up. Safina et al. (2012) demonstrated that
cultivars of sugar beet significantly varied in productivity. Demo variety gave
the highest root and greatest sugar yield.

Potassium is the 3™ most important element for plant growth and
development. It is an essential nutrient required in higher amounts for plant
metabolism especially photosynthesis and assimilates transport (Wang et al.,
2015). EL-Harriri & Gobarh (2001) noted that high level of potassium (48 kg
K,O/fed) exhibited a significant increase on LAI, root dimension, root and top
yields/fad, sucrose and purity % as compared with control treatment. Ouda
(2001) cleared that applied the highest level of potassium 48 kg K,O/fad
sustained a significant increase in root dimension, root and foliage weights/plant,
root, top and sugar yields/fad and sucrose %.

Abdel-Mawly & Zanouny (2004) reported that using the high level of
potassium caused to increasing percentage of purity as well as root and foliage
yield of sugar beet plants. Amer et al. (2004) reported that using 90 kg K,O/fad of
potassium increase significantly the percentage of nitrogen, potassium, phosphors,
sucrose and purity in sugar beet root additionally yield of root and sugar.
Mehrandish et al. (2012) noted that utilizing potassium gave the highest values of
yield in terms of root, top and sugar. They included that utilizing of 100 kg K,0 ha™
enhanced quantity and quality traits of sugar beet. Neseim et al. (2014) reported
that utilization 100 kg/fad of K (48% K,0) encouraged to give the highest root
yield and sugar yield, percentage of sucrose, sodium, potassium and alpha-amino N.

Micronutrients often act as co-factors in enzyme activating and participating
in redox responses, photosynthesis and respiration. It has vital function in cell
development and connected with sugar translocate process (Yarnia et al., 2008).
Utilization of micronutrients like manganese, zinc and iron with balance can
Egypt. J. Agron. 38, No.2 (2016)
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enhance productivity of sugar beet (Mousavi et al., 2007). The most studied of
all the microelements on sugar beet examined the effect of manganese
insufficient on yield and quality.

Cooke & Scott (1993) revealed that sugar beet yield and quality significantly
decreased with insufficient supply of boron. Mekdad (2015) noted that utilization
of 120 (B4) and 150 (Bs) ppm of boron significantly enhanced root yield and
quality of sugar beet. On the other hand Na, K, alpha-amino N, loss sugar
percentages, harvest index and loss sugar yield were diminished.

Zinc is consider the vital microelements and has specific physiological
functions in all living systems, for example the maintenance of structural and
functional integrity of biological membranes and facilitation of protein synthesis,
gene expression also, is considered the most limiting element for productivity
crops in various regions of the world. Kobraee et al. (2011) recommended that
zinc shortage seem a lot of common microelements reduction case in crops
around the world, give rise to decrease in yield and quality. Bartog et al. (2016),
reported that increasing of Zn fertilization caused increase sugar beet yield.

Mekdad & Rady (2016) showed that adding micronutrient mixtures (Fe + Zn +
Mn) improved yield and its attributes of sugar beet crop.

The aim of this work was to determine the effects of applying fertilizers
containing potassium levels and foliar spraying with different micronutrients
mixtures, i.e., manganese (Mn), zinc (Zn) and boron (B) on plant characteristics,
quality and yield traits of two sugar beet varieties.

Materials and Methods

Two field experiments were carried out in the farm of the Faculty of
Agriculture, Demo (29°17" N; 30°53" E), Fayoum University, Egypt, during the
two successive winter seasons of 2013/14 and 2014/15. The objective of this
investigation was to study the effect of potassium levels and foliar spraying with
different micronutrients manganese (Mn), zinc (Zn) and boron (B) on plant
characteristics, quality and yield traits of two multigerm sugar beet varieties, i.e.,
Farida and Demo. Each experimental basic unit included 5 ridges, 60 cm apart
and 3.5 m long, comprising an area of 10.5 m? (1/400 fad). The preceding
summer crop was corn (Zea mays L.) in both seasons. Experiments were sown
on September 13" and 21% in the first and second seasons, respectively.

The recommended agricultural practices for growing sugar beet were followed
except the factors under study which arranged in split-split plot in randomized
complete block design with three replications. The main plots were assigned to
multigerm sugar beet varieties viz. Farida (V1) and Demo (V,). Potassium sulphate
(48% K,0) applied to the soil in granular form at the level of 0 (Kj), 25 (K;) and
50 (Ks3) kg K,SO,\fad were arranged in the sub treatments and applied in three
equal doses, i.e., after thinning (at 4-6 leaf stage), before the second and the third
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irrigation (surface irrigation as recommended). The sub-sub plots were occupied
with five combinations of micronutrients. T, (B+Zn), T, (B+Mn), T3 (Zn+Mn), T,
(B+Zn+Mn) and Ts (spraying with water as control) at 100 ppm for each in the
form of zinc sulphate, manganese sulphate and boric acid. Micronutrients were
applied as foliar spray in two times (80 and 110 days) from sowing. The foliar
solutions volume was 200 L/fad conducted by hand sprayer. Physical and chemical
analysis of soil at the experimental site in both seasons of study are presented in
Table 1-a, Monthly weather data at Fayoum, Egypt as average for two growing
seasons 2013/2014 and 2014/2015 of study are presented in Table 1-b.

TABLE 1-a. Particle size distribution and some chemical properties of the
experimental soil in 2013/2014 and 2014/2015 seasons.

Season 2013/2014 2014/2015
Sand% 66.5 76.1
Silt% 124 10.8
Clay% 21.1 13.1
Soil texture class Sandy clay Loam Sandy Loam
CaCO3% 7.10 5.20
Cations Na* 69.80 56.70
K* 2.82 1.40
Mg* 25.00 11.0
Ca®” 30.88 60.62
S04 28.60 33.40
Anions | MeqL™ cL 92.40 86.32
HCO3 7.50 10.0
Cco3? - -
Organic matter % 1.47 0.70
ECe, dSm™ at 25 C° 5.89 5.33
pH at 25 C° 7.63 7.87
Fe 6.86 4.29
. . Mn 4.21 3.57
MICI’(CF))I’F])L:;I')IEHIS Cu 146 0.69
Zn 1.10 0.29

TABLE 1-b. Monthly weather data at Fayoum, Egypt as average for two growing
seasons 2013/2014 and 2014/2015.

Tuin(C) Trnax(C) " RHin(%6) “RHmax(%0)

Month
2013/ | 2014/ | 2013/ 2014/ | 2013/ | 2014/ 2013/ 2014/

2014 2015 2014 2015 | 2014 | 2015 2014 2015

September | 23.60 24.40 36.60 38.40 14.00 17.40 74.00 74.50
October 19.50 21.50 30.80 34.80 18.60 19.50 68.03 75.97
November 17.50 17.21 29.20 29.37 17.70 26.80 64.00 76.13
December 12.22 12.60 25.80 26.10 23.30 25.50 66.20 77.10

January 9.70 10.30 23.60 22.50 20.90 24.50 67.30 74.30
February 11.20 10.50 25.90 23.60 22.60 24.00 67.90 74.00
March 14.35 14.90 28.30 28.80 18.10 19.00 64.40 76.90
April 15.40 15.70 30.40 32.80 9.30 14.90 60.90 75.10
May 21.40 21.90 37.40 37.90 12.77 13.90 70.40 79.40

*Tmin and *Tmax, are minimum and maximum temperatures, - RHmin and ~RHmax are minimum
and maximum relative humidity, respectively.
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The studied traits

At harvest, (after 210 days from sowing) a random sample of five guarded
plants in each sub-sub plot was taken. Samples were carried immediately to
laboratory where roots washed to remove the soil particles. Plants were separated
into tops and roots. For leaf area measurement, the disk method was followed
using 300 disks of 300 cm? area, according to Watson (1958), leaf blades weight
was used for leaf area determination after excluding the petioles and midrib
leaves.

LAI= Unit leaf area per plant (cm?)/ Plant ground area (cm?)

The following characters were determined at harvest:- Root length (cm), root
diameter (cm), root fresh weight (g/plant) and top fresh weight (g/ plant).

At harvest, plants of all ridges from each sub-subplot were harvested,
cleaned, topped and weighed in plus weight of five plant sample and then it was
converted to estimate:- Root yield (t/fad), top yield (t/fad) and biological yield
(t/fad). It was calculated by adding root yield together with top yield (t/fad).

Harvest index (HI)
It was estimated by using the following equation:

I = Rootyield (t/fed)
- Rootyield (t/fed)+ Topyield (t/fed)

Gross sugar yield (t/fad)
It was estimated by multiplying root yield by gross sugar percentage.

White sugar yield (t/fad)
It was estimated by multiplying root yield by white sugar percentage.

Losses sugar yield (t/fad)
It was estimated by multiplying root yield by loss sugar percentage.

All traits were determined in Delta Sugar Company Limited Laboratories
at El-Hamoul, Kafr EI-Sheikh Governorate according to the method of
McGinnus (1971).

The traits of quality included
Gross sugar %: Juice sugar content was determined according to McGinnus
(1971).

White sugar %: Extractable sugar content (white sugar) of beets was
calculated according to Harvey & Dotton (1993) as follows:

ZB = pol-[0.343(K+NA) + 0.094 AmN + 0.29]
Egypt. J. Agron. 38, No.2 (2016)
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where:
ZB = extractable sugar content (% per beet) or white sugar
Pol = gross sugar %

AmMN = a-amino-N determined by the “blue number method” was calculated by
using the method of Sheikh Aleslami (1997).

Loss sugar %: Loss sugar % = gross sugar % - white sugar %
Juice purity percentage : Juice purity % (Qz) = ZB/ Pol x100

The soluble non-sugars (potassium, sodium and alpha-amino nitrogen in
meqg/100 g of beet) in roots were determined by means of an Automatic Sugar
Polarimetric.

All obtained data were statistically analyzed according to the technique of
analysis of variance (ANOVA) for the split-split plot design as published by
Gomez & Gomez (1984), using GenStat 12" edition. Least significant difference
(LSD) method was used to test the differences between treatment means at 5%
level of probability.

Results and Discussions

Effect of two sugar beet varieties

The tabulated results in Tables 2, 3 and 4 revealed that the two sugar beet
varieties differed significantly in mean of root length (cm), root fresh weight
(g/plant), root, top, biological, gross and extractable sugar yield (t/fad) and
harvest index % in both seasons. In addition to root diameter (cm), sucrose and
extractable sugar % in the 1% season, also top fresh weight, purity % and loss
sugar yield (t/fad) in the 2". While, varieties had no significant effect on leaf
area (sz), leaf area index, as well as percentage of Na, K, a-amino N and loss
sugar in both seasons.

According to LSD test Demo (V) variety surpassed the other one where
it produced higher values of root length (32.78 and 31.17 cm), root fresh
weight (1837.60 and 1820.29 g/plant), root yield (40.77 and 38.94 t/fad), top
yield (11.42 and 11.17 t/fad), biological yield (52.19 and 50.11 t/fad), gross
sugar yield (8.18 and 7.69 t/fad) and extractable sugar yield (7.40 and 7.00
t/fad) in the 1% and 2" seasons, respectively, as well as root diameter
(16.18cm), sucrose (19.74 %) and extractable sugar (17.85 %) in the first
season, also top fresh weight (1289.76 g/plant), purity (90.70 %) and loss
sugar yield (0.69 t/fad) in the second season. On the contrary, Demo (V,)
variety produced significantly lowest value of harvest index (0.78 and
0.78 %) in both seasons, respectively.

Egypt. J. Agron. 38, No.2 (2016)
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The superiority of variety Demo (V,) in root yield might be due to its
superiority in mean root dimensions and weight. Moreover, high root yield, gross
and extractable sucrose (%) from the same variety lead to high gross and
extractable sugar yield (t/fad) during the two seasons. The superiority of Demo
(V) variety might due to its increased photosynthetic efficiency. These effects
are in agreement with those obtained by Masri (2008), Nasr & Abd El- Razek
(2008), Safina et al. (2012), Neamatollahi et al. (2013), Masri & Hamza (2015)
and Mekdad & Rady (2016) who reported that root weight and yield as well as
sucrose % and sugar yield were differed significantly by varies varieties.

Effect of potassium levels

It is evident from Tables 2, 3 and 4 that leaf area (cm?), leaf area index, root
dimension (cm), root and top fresh weight (g/plant) as well as yields of root, top,
biological, gross sugar, extractable sugar and loss sugar (t\fad) and harvest index
were highly significant (P < 0.01) which affected by application of 50 kg K/fad
(K3). Also, percentages of gross and extractable sugar, impurities in terms of
sodium, potassium and alpha- amino N, loss sugar and purity were highly
significant which affected by the same level of potassium in 2013/14 and
2014/15 seasons, except for loss sugar percentage in the 2013/14 season and
purity % in the 2014/15 season were significantly affected by application of 50
kg K/fad (K3).

It could be stated that application of the higher level of potassium 50 kg
K/fad (K3) significantly increased all studied yield, yield components and quality
of sugar beet traits. However, harvest index (%) was significantly decreased by
the same level of potassium. It was noticed that applying 50 kg K/fad (Kj)
caused significant increases in leaf area (cm?) 35.79 & 53.59 %, leaf area index
35.74 & 53.36 %, root length (cm) 14.64 & 15.93 %, root diameter (cm) 11.48 &
12.55 %, root fresh weight (g/plant) 20.01 &23.00 %, top fresh weight (g/plant)
46.98 &37.22 %, yield (t\fad) of root 12.49 & 11.46 %, top 39.22 & 44.38 %,
biological 17.26 & 17.30 %, gross sugar 38.59 & 58.30 %, extractable sugar
40.98 & 61.32 % and loss sugar 18.75 & 32.14 %, as well as percentage of gross
sugar 22.18 &41.34 %, extractable sugar 24.08 & 43.92 %, K 36.53 & 42.31 %,
purity 1.40 &1.71 % and loss sugar 6.59 &19.76 % in the first and second
season, respectively compared with 0 kg K/fad (K;). On the contrary, harvest
index, o- amino N, Na (%) of the crop received 50 kg K/fad (K3) were
significantly decreased by 3.61 & 4.82; 27.24 & 44.97; 37.68 and 37.40 % in the
two season, respectively, compared to 0 kg K/fad (K;). Overall, potassium
fertilizer application of 50 kg K/fad (K;) gave the highest values for all
parameters under studied, except harvest index, a- amino N, and Na (%).

Such increment in root yield obtained from utilizing potassium with level of
50 kg K,O/fad can be ascribed to enhance beet growth, in terms of longer,
thicker and heavier roots weight, though K plays a essential role in many
physiological and biochemical processes for example, cell division and
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elongation. Besides, utilization of K with level 50 kg K,O/fad increased top yield
through increasing leaf area. These effects are in harmony with those reported by
Zengin et al. (2009), Abo- Shady et al. (2010), Nafei et al. (2010), Mehrandish
et al. (2012) and Salami & Saadat ( 2013).

The positive effect of K fertilizer which improved gross and extractable sugar
yield (t/fad) and quality traits may be due to the necessary function of K in
building up metabolites and sugars accumulation which convey from leaves to
roots, thus improved root and quality traits (Nitoses & Evans, 1969). Russell
et al. (1971) reported that the positive effect of the function of using K
fertilizer in enhancing quality and extractable sugar additionally root yield.

Effect of foliar spray with combinations of micronutrients

Results in Tables 2, 3 and 4 indicated that foliar spray with micronutrients
mixture had a highly significant positive effect on yield, yield components and
quality traits. Application mixture of all micronutrients B+Zn+Mn (My)
surpassed other treatments followed by B+Mn (M;) affecting all studied traits in
comparison with untreated plants (Ms) sprayed with water as a control in both
seasons. It was noticed that compared with control treatment, applying mixture
of all micronutrients B+Zn+Mn (M,) caused significant increases in leaf area
(cm?) 39.09 & 68.98 %, leaf area index 39.14 & 68.78 %, root length (cm) 29.88
& 42.24 %, diameter (cm) 25.67 & 33.44 %, root fresh weight (g/plant) 46.19 &
50.64 %, top fresh weight (g/plant) 45.67 & 70.05 %, yields (t/fad) in terms of
root 34.65 & 30.26 %, top 41.78 & 57.27 %, biological 36.02 & 35.15 %, gross
sugar 72.57 & 58.02 % and extractable sugar 77.18 & 61.11 %, as well as
percentage of sucrose 27.75 & 21.05 %, extractable sugar 31.24 & 23.45 % and
purity 2.80 & 1.96 %. On the other hand, in the 2013/14 and 2014/15 seasons,
respectively it caused significant decreases in harvest index 1.23 & 3.66 %, Na
45.64 & 43.26 % and a-amino-N 33.09 and 41.10 %.

It was clearly that, positive effect of boron element in combinations (M4 and
M;) on yield and its attributes. Similar results were obtained by Mekdad (2015)
who noted that root yield and percentage of gross and extractable sugar were
significantly increased by using boron in sugar beet.

These findings are in line with those obtained by Gobarah et al. (2014).
Mekki (2014) reported that utilization of 2% Urea, 400 ppm Zn or Mn
independently furthermore, in mixing significantly increased root dimension,
fresh root weigh, yields of root, top and sugar (t/fad) contrasted to control
treatment. He added that the percentages of sucrose, purity, sodium and
potassium contents were increased with using microelements as foliar spray in
comparison to control treatment. This is because Zn and Mn are main elements
for crop production. Foliar spraying with various micronutrients elements that
caused to a positive increase in sucrose, purity and extractable sugar (%) are
reported by Jaszczolt (1998) and Gobarah & Mekki (2005).
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Mekdad & Rady (2016) found that foliar spray with the micronutrient
mixture had significant positive effects on sugar beet yield and quality
parameters. Utilization of (Fe+Zn+Mn) significantly surpassed the (control; tap
water) in leaf area index, root dimension, root and top fresh weights, root and
white sugar yields and purity in both seasons. However, it caused a significant
depress in harvest index.

Interaction effects

Effect of the bilateral interaction between the two sugar beet varieties and
potassium levels

Data illustrated in Tables 2 and 3 revealed that the mean top yield (t/fad) was
significantly affected by the interaction between application of the two sugar
beet varieties and potassium levels in both seasons, while leaf area (cm?), LAI
and root diameter (cm) only in 2™ season.

Effect of the bilateral interaction between the two sugar beet varieties and
foliar spray with combinations of micronutrients

Results in Tables 2,3 and 4 indicated that yields of root, top, biological, gross
sugar, extractable sugar and loss sugar (t/fad) and harvest index % in 2013/14
and 214/15 seasons, while root length, root fresh weight in the first season, leaf
area, leaf area index, top fresh weight, Na and K in the second season were
significantly affected by the interaction between application of the two sugar
beet varieties and foliar spray with mixture micronutrients. These results are in
agreement with those obtained by Masri & Hamza (2015) who reported that root
weight, root yield, purity %, white sugar % and sugar yield were significantly
influenced by the interaction between utilization of micronutrients mixture and
sugar beet cultivars in the two seasons of their study.

Effect of the bilateral interaction between potassium levels and foliar spray
with combinations of micronutrients

Data illustrated in Tables 2, 3 and 4 reveal that the mean root fresh weight,
yields of root, biological gross and extractable and percentage of sucrose and
extractable sugar in 2013/14 and 2014/15 seasons, besides root length and top
fresh weight in the first season, in addition to, leaf area, leaf area index, top yield
and harvest index in the second one were significantly affected by the interaction
between application of potassium levels and foliar spray with combinations of
micronutrients.

Effect of the trilateral interaction among the two sugar beet varieties,
potassium levels and foliar spray with combinations of micronutrients

The data presented in Tables 2, 3 and 4 show the differences root and top
yield as well as, harvest index in 2013/14 and 2014/15 seasons, as well as, root
fresh weight and yield of biological, gross and extractable (%) in the first season,
while leaf area, leaf area index and root length in the second season due to the
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interaction among the three factors were significant. The highest yields of root
and top were 53.25 & 49.96, 15.21 and 15.55 t/fad in both seasons, respectively
which are presented in Fig. 1 and 2 , as well as root fresh weight (2661.50
g/plant) in Fig. 3 and extractable sugar yield (12.67 t/fad) in the first season in
Fig. 4 were obtained by Demo (V;) variety with 50 kg K/fad (K3) with mixture
of micronutrients B+Zn+Mn (My).

Root Yield (t/fed.)

20 —=—2013/2014

10 —ar—2014/2015
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K3

MI‘MX ‘M3|M4‘M5
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MI‘MX ‘MB‘M!“ME
K3

Ml‘M2|M3‘M4‘M5
K2

M1‘M2|M3‘M4‘M5
K1

V1 V2

Fig. 1. Effect of interactions between varieties, potassium levels and foliar spraying
on root yield (t/fad) in 2013/2014 and 2014/2015 seasons.
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Fig. 2. Effect of interactions between varieties, potassium levels and foliar spraying
on top yield (t/fad) in 2013/2014 and 2014/2015 seasons.
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Root Fresh Weight (g / plant)
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Fig. 3. Effect of interactions between varieties, potassium levels and foliar spraying
on root fresh weight (g/plant) in 2013/2014 season.
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Fig. 4. Effect of interactions between varieties, potassium levels and foliar spraying
on extractable sugar yield (t/fad) in 2013/2014 season.

Correlation analysis of yield and its attributes

The correlation coefficients in Table 5 between gross sugar yield (t/fad) and
each of root length and diameter (cm), root fresh weight (g/plant), root yield
(t/fad) and gross sugar (%) were computed in order to throw light on the
relationship of effectual traits interest. Positive and highly significant (P < 0.01)
correlation coefficients were obtained between gross sugar yield and each of root
yield (0.97"" and 0.88™) as well as gross sugar % (0.97"" and 0.907) in the first
and second season, respectively. Also, positive and highly significant correlation
coefficients were seen between root yield and root fresh wt. (0.94 and 0.90™)
as well as between root yield and gross sugar percentage (0.89™" and 0.617). In
the two seasons, respectively, positive and highly significant correlations were
also obtained between gross sugar yield and each of root length (0.81" and
0.69™) also, root diameter (0.76" and 0.78™). It is worthnoting that gross sugar
yield showed the highest positive correlation with root yield and gross sugar (%)
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indicating their economic importance. The results obtained in Table 6 clarify that
there are three traits, i.e. extractable sugar %, root yield and leaf area index in
both season, as well as root diameter in the second season were significantly (P <
0.001) contributed to variation in extractable sugar yield.

Generally, under the condition of this study, it could be recommended that
fertilizing Demo (V) variety of sugar beet with 50 kg K/fad (K3) and sprayed
with micronutrients mixtures (B+ Zn+ Mn (My), increased the productivity and
quality of sugar beet plants, and root yield was strongly correlated with gross
sugar yield and gross sugar percentage.

TABLE 5. A matrix of simple correlation coefficient between gross sugar yield and
other important traits estimated in 2013/14 and 2014/15 seasons.

Characters Seasons 1 2 3 4 5 6
1 Gross sugar yield ~ 2013/14 1
T (tfad?) 2014/15 1
Root yield 2013/14  0.97** 1
2. 1
(tfad?) 2014/15  0.88** 1

2013/14  0.97**  0.89** 1
2014/15  0.90**  0.61** 1
Root fresh weight ~ 2013/14  0.94**  0.94**  0.89** 1
(g plant™) 2014/15  0.88**  0.90** 0.70** 1
2013/14  0.81**  0.76** 0.81** 0.77** 1
2014/15  0.69**  0.69** 0.56** 0.73** 1
Root diameter 2013/14  0.76%*  0.74** 0.78** 0.78** 0.87** 1
(cm) 2014/15  0.78**  0.78** 0.66** 0.81** 0.75** 1
** Correlation coefficient is significant at P < 0.01.

3. Gross sugar (%)

5. Root length (cm)

6.

TABLE 6. Correlation coefficient (r), coefficient of determination (R?) and standard
error of the estimates (SEE) for predicting extractable sugar yield (t/fad)
in 2013/14 and 2014/15 seasons.

Season r R? SEE Sig. Fitted equation

Extractable sugar yield = - 6.724 +
2013/14 | 0.996 | 0.991 | 0.2023 *** 1 0.438 extractable sugar % + 0.164
root yield - 0.054 leaf area index

Extractable sugar yield = - 5.564 +
0.356 extractable sugar % + 0.173
root yield + 0.103 leaf area index -
0.069 root diameter

2014/15 0.996 | 0.991 | 0.186 Hoxx
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