J. of Soil Sciences and Agricultural Engineering, Mansoura Univ., Vol. 11 (11):631-639, 2020

Journal of Soil Sciences and Agricultural Engineering

Journal homepage: www.jssae.mans.edu.eq

Available online at: www.jssae.journals.ekb.eg

Effect of Sulphur Application and some Foliar Feeding on Productivity

and Roots Quality of Sugar Beet

Hanan M. Abu El-Fotoh; Lamyaa A. Abd EI-Rahman® and Samia M. S. El-Kalawy

Soils, Water and Environ. Res. Inst., Agric. Res. Center, Giza, Egypt

Cross Mark

ABSTRACT

A field experiment was conducted at El-Gemmeiza Agric. Res. Station, Gharbeya Governorate, Egypt

distributed in the main plots, while

during the two successive winter seasons of 2017/2018 and 2018/2019, to study the effect of sulphur (0, 40 and
80 kg/fad.) and three foliar spray treatments (mixture of FeSO4 20%+MnS0s3H20 23%+ZnS047H20 23% +B
as boric acid 17%) at 1%, blue green algae extract at 1 liter /fad. and yeast extract at 100 ml/liter water on
growth , yield and root quality of sugar beet (cv Oskar poly) grown in a clay soil conditions. These treatments
were arranged in a split plot in a complete block design with three replications. Sulphuer levels were randomly
foliar spray treatments were randomly arranged in the sub plots. The
interaction between sulphur at 80 kg/fad. and spraying with blue green algae extract at 1 liter / fad. gave the
highest values of sugar beet shoots, roots and its components. While, the interaction between sulphur at 80
kg/fad. and spraying with the mixture of Fe+Zn+Mn+B at 1 % recorded maximum values of Fe, Zn, Mn and
B in leaf tissues and roots. The increases in yield of sugar were about 32.8 and 56.3 % for the interaction between
80 kg Sffad. and spraying with blue green algae, 24.9 and 42.7 % for the interaction between 80 kg S/fad. and

spraying with mixture of Fe+Zn+Mn+B over the interaction between 0 S and spraying with yeast extract in the

1%tand 2" seasons, respectively.
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INTRODUCTION

Sugar beet growers in Egypt are paid based on the
tons of recoverable sucrose that is extracted from their crop.
Sugar beet profitability therefore, depends on producing a
high tonnage crop with high sucrose content.

There is a great need to find out the proper technical
recommendations for improving the productivity and quality
of sugar beet under egyptian conditions. Because the most
Egyptian soils suffer from a high pH values particularly newly
reclaimed soil, the availability of P, K and micronutrients is
reduced. The use of sulphur might help in decreasing soil
alkalinity during sulphur biological oxidation. Sulphur can
significantly increase crop yield and improve its quality.
Sulphur is a constituent element of some amino acids, namely
Cystein and Methionine and it is involved in synthesis of
chlorophyll, certain vitamins, carbohydrates and proteins
(Thomas et al., 2000). In this regard , treating sugar beet with
sulphuer gave the highest values of dry weight , chemical
composition, yield and best root quality (Ouida, 2002;
Nemeat Alla, 2005 ; Shafika et al.,2005; Zeinab et al., 2006 ;
Awed Allah et al.,.2007; Ferweez et al., 2011; Awad et al ,
2013 and Tawfic et al. 2014)

Most of egyptian soil suffered from micronutrients
deficiency as a results of the intensive cropping, low organic
matter content in soil and alkaline condition of soil which
decreases the availability of many nutrients. Micronutrients
application gave the maximum vyield and quality of sugar
beet crop (Nemeata Alla et al. 2014). The plants require
micronutrients such as iron, zinc, manganese and boron
in a low quantity and are present in plant tissue in amounts
calculated in parts per million, but they are involved in a
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wide variety of metabolic processes and cellular functions
within plants. They also play an essential role in improving
yield and quality, and are highly needed for improving plant
growth and yield of many crops (Hansch and Mendel,
2009). In this concern, spraying sugar beet  with
microelements gave the best results for enhancing growth ,
yield and root quality (Abd El-Gawad et al. 2004; Yarnia et
al. 2008; Nemeat-Alla et al. 2009; Garib and El-Henawy,
2011 ; Amin et al. 2013; and Masri and Hamza, 2015,
Dewdar et al. 2018, and Zewail, et al. ,2020).

Algae are natural bio active materials rich in minerals,
protein, lipids, carbohydrates, vitamins and microelements (B,
Mo, Zn, Cu). In addition, algae fertilizer aunique combination of
N, P, K, trace elements and simple sugar that are in dissolved
forms that are easily absorbed through roots and leaves, besides
releasing trace elements bound to the soil and it is safe to
human, animals and the environment (Sathya et al., 2010).
Growth , yield and root quality of sugar beet increased
significantly with spraying plants with algae extract (Aly et
al. 2008 on sugar beet, Alam et al. 2014, Taha and Abdelaziz
2015 on carrot , Doss et al. 2015 on sweet potato , Enan et al.
2016, AL Jbawi et al., 2020).

Yeast is an enriched source of phytohormones
especially cytokinins, vitamins, enzymes, amino acids and
minerals as well as has a stimulatory effect on the cell division
and enlargement, protein and nucleic acids synthesis and
chlorophyll formation (Shehata et al.,2012). In this concern,
Sharaf, (2012), Neseim, et al. (2014), Abdou. (2015), Nemeat
Alla et al. (2016), Ferweez, and Abd EI-Monem (2018),
Thalooth, et al. (2019) and Sarhan et al. (2020). They showed
that spraying sugar beet plants with yeast extract recorded the
highest values of plant growth, yield and its components and
best root quality than unsprayed plants.
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Therefore, this work aimed to study the response of
sugar beet to sulphur application and foliar feeding with
some micronutrients, blue green algae and yeast extracts
productivity and root quality under the environmental
conditions of clay soil in EI-Gemmeiza region, ElI-Gharbeya
Governorate, Egypt.

MATERIALS AND METHODS

A field experiment was carried out at EI-Gemmeiza
Agric. Res. Station, Gharbeya Governorate, Egypt (longitude 31
7° E and latitude 30 43° N) during the two successive winter
seasons of 2017/2018 and 2018/2019. This investigation was
aimed to study the effect of sulphuer and some foliar
treatments on growth, plant chemical constituents yield and
root quality of sugar beet cv Oskar grown in clay soil
conditions. Particle size distribution and some chemical
characteristics of the experimental determined by the standard
methods according to Balck et al. (1981) and Jackson, 1967.
Table 1. Soil particle size distribution and some chemical

characteristics of the experimental site 2017/
2018 and 2018/2019 seasons

Parameter Value

1. Particle size distribution* 2017 2018
Corse sand (%) 191 192
Fine sand (%) 12.0 1161
Silt (%) 40.11 41.01
Clay (%) 45.98 45.46
Textural class clay loam clay loam
2. Chemical analysis*

EC dSm™ ( soil post extract ) 221 2.32
pH (1: 2.5 soil : water suspension) 8.1 7.98

CaCOs (%) 2.7 2.4

Organic matter (%) 194 179
Available nitrogen (ppm) 320 29

Auvailable phosphorus (ppm) 79 8.2

Auvailable potassium (ppm) 411 398
Available Boron(ppm) 0.10 0.12
DTPA-extractable

Fe (ppm) 355 3.70
Zn(ppm) 0.88 0.75
Mn(ppm) 1.99 1.93

This experiment was included 9 treatments which
were the combinations between three levels of sulphuer (0,
40 and 80 kg/fad.) and three foliar spray treatments
(mixture of FeS0420%+MnS0O43H,023% +ZnS047H,023%
+ B as boric acid 17%) at 1% , blue green algae 1 liter /fad.
and yeast extract(soft yeast was mixed with sugar at rasio
1:1 and left 3 hours at room temperature then freezing for
distruption of yeast tussio and relazing their content.
Prepration of yeast solution was don according to El-
Ghamriny etal(1999), at 100 ml/liter water. Foliar spray
solution from the mixture of the compounds was applied at a
rate of 200 L./fed. These treatments were arranged in a split
plot in a complete block design with three replicat. Sulphuer
levels were randomly distributed in the main plots, while
foliar spray treatments were randomly arranged in the sub plots.

Seeds of sugar beet cultivars were sown on ridges 60
cm apart and 20 cm between hills to ensure 35000 plants/
fed. Each subplot included 4 ridges each was 4 m in length.

Therefore, each subplot size was 9.6 m?. Sugar beet
seeds were sown on 23 and 25" October 2017 and 2018
seasons, respectively.

Different levels of sulphuer were mixed with soil,
which were applied at soil preparation, before sowing. The
plants sprayed with microelements , blue green algae and

yeast extracts three times; i. e., 30 and 60 and 90 days after
sowing in both seasons. Each plot received 2 liter solutions of
different spraying treatments using spreading agent (reflecting
materials) in all treatments to improve adherence of the spray
to the plant foliage for increasing absorption by the plants.

Nitrogen was added at a rate of 80 kg N/fed.
(feddan=4200 m?) in the form of urea (46% N) in three equal
doses , the first was applied after thinning and the other two
doses were added at the second and third irrigations.
Phosphorous in the form of superphosphate (15.5%) at the rate
of 30 Kg P»0s /fed. was added before sowing and during soil
preparation. Potassium in the form of potassium sulfate (48%)
was added at the rate of 24 Kg K20/fed. with the first dose of
N.The other cultural practices were done as recommended.
Recorded data:
1. Dry weight

At harvest time (200 days from planting), three
plants were randomly taken from each plot and they were
divided separately into shoots and roots, then they were oven
dried at 70 °C tell constant weight. Dry weight was recorded
as shoot and root dry weights/ plant (g). In addition, total
plant dry weight /plant (shoot +root) were calculated
2. Photosynthetic Pigments

Disk samples from the fourth upper leaf were
obtained at 90 days old in both seasons to determine
chlorophyll a and b as well as carotenoids according to the
method described by Wettestein (1957).
3. Potassium and sodium concentration was determined
using flame photometer (%). Alpha amino nitrogen
concentration (%) was determined using Kjeldahl wet
oxidation process as described by Blakemore et al. (1987).
4. Leaves and roots microelements contents

Iron, Zn, Mn and boron in leaves and roots samples
in both seasons were determined using Atomic-absorption
(Analyst 200, Perkin Elmer, Inc., MA, USA), described by
according to the methods Chapman and Pratt (1982).
5- Purity percentage: It was estimated according to the
following equation

Purity %= 99.36-{14.27(V1+V2+V 3/ V 4)}
Where: V1=Na, V2= K, V3= oc-amino-N, V4= sucrose %
6- Sucrose% was determined according to the procedure of
Le Docte (1927).
7- Root yields (ton/fed.) was determined on the whole plot
basis were harvested, topped and weighed to determine root
yield.
A sample of 10 roots was randomly taken and the
following traits were recorded: Root length (cm). Root
diameter (cm). average root weight (g/plant).
Sugar vyield (fed), which was calculated according to
following equation: total sucrose yield (fed) = roots yield
(fed) x Sucrose %.
Statistical analysis: The recorded data were subjected to the
statistical analysis of variance according to Snedecor and
Cochran (1980) at 0.05 levels and means separation were
done according to Duncan (1955) at 0.05 levels of probability.

RESULTS AND DISCUSSION

1. Dry weight
Effect of sulphur

Data in Table 2 show that dry weight of shoots,
roots and total dry weight of sugar beet increased with
increasing sulphuer rate up to 80 kg /fad. in both seasons.

632



J. of Soil Sciences and Agricultural Engineering, Mansoura Univ., Vol. 11 (11), November, 2020

This means that sulphur application at 80 kg /fed. gave the
highest values of total dry weight of sugar beet. The
increases in total dry weight were about 8.1 and 10.2 % for
sulphur at 40 kg/fad. and 12.2 and 14.4 % for sulphur at 80
kg/fad. over the control ( untreated sulphur ) in the 1% and
2" seasons, respectively.

The favorable effect of sulphur application on growth
of sugar beet might be due to its role in lowering pH of the
soil, such reduction in pH lead to an increase in availability of
P, Fe, Mn, Cu, Mg, SO4 and Zn to the sugar beet plant roots.

Each of these elements has distinct role in improving plant
growth. Also, application of sulphur resulted in improving the
movement of P from bulk soil to rhizosphere and stimulating
its uptake. Moreover, sulphur plays a role in improving soil
water relation, increasing root growth and regulating urea
transformation in the soil, then improved growth parameters
(Hilal, 1990). Similar results were obtained by Ouida, 2002;
Nemeat Alla, 2005, Ferweez et al. (2011) , Awad et al (2013)
on sugar beet and Mansour (2017) on sweet potato.

Table 2. Effect of sulphur rates and foliar spray treatments on dry weight of different parts of sugar beet plant

during 2017/2018 and 2018/2019 seasons
Dry weight of shoots (g/plant)

Dry weight of roots (g/plant) Total dry weight (g/ plant)

Treatments 2017/2018 season_2018/2019 season_2017/2018 season_2018/2019 season_2017/2018 season_2018/2019 season
Effect of sulphur rates ( kg/fad.)

0 2762 ¢ 2839 ¢ 183.01 ¢ 19249 ¢ 21064 ¢ 22088 ¢

40 29.04 b 30.79b 198.75 b 21266 b 22780 b 24345 b

80 2993 a 3173 a 206.47 a 22092 a 23640 a 252.65 a

LSD at 0.05 level 041 0.37 5.24 5.60 5.19 5.73
Effect of foliar spray treatments

Fe+ Zn +Mn+B 28.19b 29.88 b 188.66 b 201.86b 216.85 b 23175 b

Blue green algae extract 3050 a 3233 a 21252 a 227.39 a 24302 a 259.73 a

Yeast extract 2791b 28.69 c 187.06 b 196.82¢ 21497 b 22551 ¢

LSD at 0.05 level 0.36 0.44 2.20 2.36 2.12 2.28

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of some foliar spray treatments

Spraying sugar beet plants with blue green algae
extract 1 L/ fed. at 30, 60 and 90 days after sowing increased
dry weight of shoots, roots and total dry weight at harvest in
both seasons ( Table 2). The increases in total dry weight were
about 09 and 2.08 % for spraying with mixture of
Fe+Zn+Mn+B and 13.0 and 15.2 % for spraying with blue
green algae in the 1% and 2" seasons, respectively.

The effect of spraying algae extracts on increasing the
vegetative growth. may be due to extracts, are that the extracts
contain auxins, gibberellins, and precursors of ethylene,
betaine and cytokinins, which are present and potentially
involved in enhancing plant growth responses (Crouch and
Van Staden; 1994). Results are harmony with Aly et al.
(2008) on sugar beet regarding algae effect and Garib and El-
Henawy, (2011) regarding micronutrients effect .

Effect of the interaction

The interaction between sulphur application and
spraying with some foliar spray treatments had significant
effect on dry weight of shoots, roots and total dry weight in
both seasons (Table 3) . The interaction between sulphur at 80
kgffad. and spraying with blue green algae. gave the highest
values of dry weight of shoots, roots and total dry weight/
plant of sugar beet at harvesting in both seasons. on the other
hand spraying with yeast extract had the lowest values .

The increases in total dry weight were about 28.6
and 36.7 % for the interaction between 80 kg S/fad. and
spraying blue green algae at over the interaction between 0
S and spraying with yeast extract in the 1%t and 2" seasons,
respectively .

Table 3. Effect of the interaction between sulphur rates and foliar spray treatments on dry weight of different parts
of sugar beet plant during 2017/2018 and 2018/2019 seasons

Dry weight of shoots (g/plant) Dry weight of roots (g/plant) Total dry weight (g/ plant)

Treatments 2017/2018 2018/2019  2017/2018 2018/2019 2017/2018  2018/2019

season season season season season season

Srates (kg/fed.) FST*

0 Fe+Zn +Mn+B 26.94 f 2855 f 17850d 190.99 d 20544 e 219.55¢e
Blue green algae extract 29.33¢ 3109 c 195.23¢ 208.90 ¢ 22457cd  239.99 cd
Yeast extract 26.60 f 25.53 g 175.30d 17757 e 201.90 e 20310 f
40 Fe+Zn +Mn+B 28.41de 30.11 de 19140 c 204.80 ¢ 21981 cd 23492 cd
Blue grean algae extract 3063 b 3246b 21418 b 229.18b 24481b 26164 b
Yeast extract 2810 e 29.79¢ 190.67 ¢ 204.01 ¢ 21877 d 23380 d
80 Fe+Zn +Mn+B 2923 ¢ 30.99 ¢ 196.07 ¢ 209.79 ¢ 22530 ¢ 240.78 c
Blue grean algae extract 3154a 3343 a 22813 a 24410 a 259.68 a 27754 a
Yeast extract 29.03cd 30.77 cd 195.20 ¢ 208.86 ¢ 22423 cd  239.64 cd

LSD at 0.05 level 0.62 0.77 3.82 4.09 3.68 3.95

FST*= foliar spray treatments

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

2. Photosynthetic pigments
Effect of sulphur

Sulphur application at 40 and 80 kg /fed. had significant
effect on the concentration of chlorophyll a, b, total (a+b) and
carotenoides in leaf tissues at 90 days after sowing in both
seasons (Table 4). The concentration of chlorophyll a, b, total
(a+b) and carotenoides in leaf tissues increased with sulphur at

80 kg/fad. in both seasons. The increases in total chlorophyll in
leaf tissues were about 17.5 and 19.0 % for sulphur at 40 kg/fad.
and 31.3 and 33. % for sulphur at 80 kg/fad. over the control
(untreated sulphur) in the 1% and 2™ seasons, respectively.
Sulphur plays a vital role in chlorophyll formation as
its constituent of succinyl Co-A which is involved in
synthesis of chlorophyll (Pirson, 1955). Results agree with
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Thomas et al. (2000), Mansour (2017) on sweet potato and
Yadav et al. (2019) on groundnut.
Effect of some foliar spray treatments

Data in Table 4 show that spraying sugar beet plants
with mixture of Fe+Zn+Mn+B or with blue green algae.
increased concentration of chlorophyll a, b, total ( a+b) and
carotenoides in leaf tissues compared to spraying with yeast
extract (table 4). The increases in total chlorophyll in leaf tissues
were about 6.9 and 83 % for spraying with mixture of
Fe+Zn+Mn+B , 8.6 and 10.8 % for spraying with blue green
algae over spraying with yeast extract in the 1% and 2™ seasons,
respectively.

Algae extract may play a role through its content of
cytokinins in delaying the aging of leaves by reducing the
degradation of chlorophyll. In addition, algae extract as a bio-
regulator affecting the balance between photosynthesis and
respiration processes in plants (Yassen et al., 2007). Similar
results were reported by Enan, et al. (2016). They found that
foliar application of algae extract using 2.5 g/l or 3.5 g/l

produced significantly higher values of photosynthetic
pigments (chlorophyll a, b and carotenoides) than unsprayed.
Effect of the interaction

The interaction between sulphur at 80 kg/fad. and
spraying with blue green algae gave the highest values of
the concentration of chlorophyll a, b, total ( a+b) and
carotenoides in leaf tissues of sugar beet with no significant
differences with the interaction between sulphur at 80
kg/fad. and spraying with mixture of Fe+Zn+Mn+B or /and
the interaction between sulphur at 80 kg/fad. and spraying
with yeast extract ( Table 5).

The increases in total chlorophyll in leaf tissues were
about 40.5 and 49.6 % for the interaction between 80 kg
S/fed. and spraying with blue green algae , 39.0 and 47.8 %
for the interaction between 80 kg S/fad. and spraying with
mixture of Fe+Zn+Mn+B over the interaction between O
S and spraying with yeast extract in the 1% and 2™ seasons,
respectively.

Table 4. Effect of sulphur rates and some foliar spray treatments on leaf chlorophyll contents (mg / gm FW) at 90
days old of sugar beet during 2017/2018 and 2018/2019 seasons

Chlorophyll a Chlorophyll b Total chlorophyll (a+b) Carotenoides
Treatments 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018  2018/2019
season season season season season season season season

Effect of sulphur rates ( kg/fed.)

0 184 ¢ 201 c 0.90 ¢ 092 ¢ 275 ¢ 294 ¢ 058 ¢ 059 ¢

40 211 b 232 b 111 b 117 b 323 b 350 b 077 b 079 b

80 23l a 257 a 129 a 136 a 361 a 393 a 083 a 0.85a

LSD at 0.05 level 0.08 0.11 0.03 0.02 0.10 0.27 0.04 0.05
effect of foliar spray treatments

Fe+Zn +Mn+B 211 a 232 a 113 a 119 a 325 a 352 a 0.72 ab 0.74 ab

Blue green algae extract 215 a 239 a 115 a 121 a 3.30 a 360 a 0.77 a 0.79 a

Yeast extract 200 b 219 b 103 b 1.06 b 304 b 325 b 068 b 070 b

LSD at 0.05 level 0.07 0.09 0.09 0.10 014 0.16 0.05 0.05

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Table 5. Effect of the interaction between sulphur rates and some foliar spray treatments on leaf chlorophyll contents
(mg / gm FW) at 90 days old of sugar beet during 2017/2018 and 2018/2019 seasons

Chlorophyll a Chlorophyll b Total chlorophyll (at+b)  Carotenoides
Treatments 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
season  season  season season season season  season  season

Srates (kg/fed.) FST*

0 Fe+Zn +Mn+B 187 ef 207 e 090 de 095 de 277 e 3.02 e 058 de 059 de
Blue greenalgaeextract 190 de 211 e 094 de 098 de 284 de 309de 063 d 064 d
Yeast extract 177 f 18 f 086 e 084 e 264 e 270 f 053 e 054 e
40 Fe+Zn +Mn+B 215 ¢ 232 cd 116 bc 122 bc 331 ¢ 354 bc 0.77 bc 0.78 bc
Blue green algae extract 220 bc 244 bc 1.17 bc 1.23bc 337 ¢ 368 b 083ab 085ab

Yeast extract 200 d 222 de 101 cd 107 cd 3.02 d 329cd 072 ¢ 073 ¢

80 Fe+Zn +Mn+B 233 ab 258ab 134 a 141 a 3.67 ab 39 a 08a 084 ab
Bluegreen algae extract  2.36 a 2.63 a 134 a 141 a 371 a 404a 087a 08%a

Yeast extract 225abc 249 a 121 ab 1.27ab 346 bc 377ab 08lab 0.83ab

LSD at 0.05 level 0.12 0.16 0.17 0.18 0.24 0.28 0.08 0.08

FST*=foliar spray treatments

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

3. Iron, Zn, Mn and B in leaves
Effect of sulphur

Data in Table 6 indicate that sulphur application at
80 kg /fed. increased the contents of Fe, Zn, Mn and B in
leaf tissues, followed by sulphur at 40 kg /fed. compared to
the control in both seasons ( Table 6).

Increasing the rates of sulphur gave a good moderation
to soil solution and increased most of microelements to plants.
Similar findings were found by Ouida, (2002).

Effect of some foliar spray treatments

Spraying sugar beet plants with mixture of
Fe+Zn+Mn+B increased the contents of Fe, Zn, Mn and B
in leaf tissues , followed by spraying with blue green algae

compared to spraying with yeast extract in both seasons
(Table 6). These results may be due to differential absorption
of these nutrients in the presence of microelements, which
enhance some elements on the account of others in the bio-
accumulation. Also, very slight increases in Fe, Zn, Mn and
B contents in leaves are found particularly when Fe+Zn+
Mn+ B were applied (Hellal et al., 2009).

This results are agree with those reported by EI —
Sherief et al. (2016). They noticed that spraying sugar beet
plants with mixture of B+Zn+Mn had significant effect on
B, Zn and Mn in sugar beet leaves at harvest.
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Table 6. Effect of sulphur rates and some foliar spray treatments on micronutrients in leaf (ppm) of sugar beet

during 2017/2018 and 2018/2019 seasons

Fe Zn Mn B
Treatments 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018  2018/2019  2017/2018  2018/2019
season season season season season season season season
Effect of sulphur rates (kg/fed.)
0 3474 ¢ 36.80 ¢ 1740 c 18.08 ¢ 2176 c 2196 ¢ 3215¢ 3240 c
40 3793 b 40.78 b 2034 b 2152 b 2431 b 2517 b 3398 b 3483 b
80 4048 a 4351 a 2211 a 2339 a 26.85 a 2779 a 3534 a 36.22 a
LSD at 0.05 level 0.79 1.27 0.61 0.60 0.65 0.72 0.68 132
effect of foliar spray treatments
Fe+Zn +Mn+B 40.02 a 4302 a 2122 a 2245 a 2592 a 26.83 a 3544 a 36.33 a
Blue green algae extract  36.82 b 3958 b 1964 b 20.78 b 2376 b 2459 b 3339 b 3422 b
Yeast extract 3632 b 3849 ¢ 1899 ¢ 19.76 ¢ 2324 ¢ 2350 ¢ 3264 ¢ 3290 ¢
LSD at 0.05 level 0.51 0.68 0.39 0.35 0.32 0.55 0.40 0.63

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of the interaction

The interaction between sulphur at 80 kg/fad. and
spraying with the mixture of Fe+Zn+Mn+B recorded
maximum values of Fe, Zn, Mn and B in leaf tissues

compared the other interaction treatments, whereas, the
interaction between zero sulphur and spraying with yeast
extract at 100 ml /I recorded minimum values of Fe, Zn, Mn
and B in leaf tissues ( Table 7).

Table 7. Effect of the interaction between sulphur rates and some foliar spray treatments on  micronutrients in leaf
(ppm) of sugar beet during 2017/2018 and 2018/2019 seasons

Treatments Fe Zn Mn B
2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
Season  season  season  season season season  season season
S rates (kg/fed.) FST*
0 Fe+Zn +Mn+B 3670 d 3945 ¢ 1850 e 1957 f 2218ef 2295f 3327 de 3410 d
Blue green algae extract 33.87 e 3641 d 1710 f 1809 g 21.66fg 2242f 3194 fg 3274 e
Yeast extract 3367 e 3453 e 1661 f 1657 h 21.43g 20529 3124 g 3036 f
40 Fe+Zn +Mn+B 4026 b 4328 b 2150 b 2275 bc 2641 b 2733 b 3607 b 3697 ab
Blue green algae extract 37.06 d 3984 ¢ 2020 c¢ 2137 d 2357d 2440 d 3326 de 34.09 de
Yeast extract 3648 d 3922 c 1934 d 2046 e 2297 e 2377de 32.62 ef 3344 de
80 Fe+Zn +Mn+B 4310 a 4633a 2367a 2504a 2918a 3020a 3700a 3792a
Blue green algae extract 3953 bc 4250 b 2163 b 2289 b 2604 b 2695 bc 3496 c 3584 hc
Yeast extract 3880 ¢ 4172 b 2104 b 2226 ¢ 2533 ¢ 2622 ¢ 3406d 3491 cd
LSD at 0.05 level 0.88 1.18 0.67 0.61 0.55 0.96 0.70 1.10

FST*=foliar spray treatments

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

4. Yield and its components
Effect of sulphur

Root length, root diameter, yield of top, yield of roots
ffed. and yield of sugar/fed. of sugar beet increased with
increasing sulphur at 80 kg /fed. in both seasons (Table 8) The
increases in yield of sugar were about 3.5and 8.7 % for sulphur

at 40 kg /fed. and 13.9 and 18.4 % for sulphur at 80 kg /fad. over
the 0 S in the 1% and 2™ seasons, respectively. This may be due to
the biological changes of sulphur by the soil microorganisms led
to decrease soil pH which increase nutrients availability and
improved the micoenvironmental around the roots which
enhance plant growth and developed root formation.

Table 8. Effect of sulphur rates and some foliar spray treatments on yield and its components of sugar beet during

2017/2018 and 2018/2019 seasons

Root length Root diameter Yield of top Yield of roots Yield of sugar
Treatments (cm) (cm) (ton/fad.) (ton/fad.) (ton/fad.)
2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
season season season season Season  season  season  season season season
Effect of sulphur rates (kg/fed.)
0 3688 ¢ 4236 c 2681 c 2667 c 828l ¢ 8320 c 23527 c 23596 ¢ 4009 b 4.195 c
40 4283 b 4454 b 2921 b 3014 b 8964 b 9368 b 24656 b 25543 b 4150 b 4558 b
80 4505a 4685a 3039a 3136a 9590 a 10022 a 25599 a 26520 a 4567 a 4.966 a
LSD at 0.05 level 0.96 143 0.97 1.06 0.218 0.229 0.340 0.315 0.309 0.157
Effect of foliar spray treatments
Fe+ Zn +Mn+B 4193 a 4361 b 2801 b 2891 b 8760 b 91544 b 24200 b 25070 b 4263 a 4632 b
Blue greenalgaeextract 4259 a 4830 a 304la 31.39a 9538 a 99689 a 2568l a 26606 a 4495 a 4937 a
Yeast extract 4024 b 4185 ¢ 2799 b 2788 c 8536 c 85867 ¢ 23900 ¢ 23983 c 3968 b 4150 c
LSD at 0.05 level 0.76 112 0.76 0.83 0.082 0.086 0.227 0.309 0.242 0.171

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

The increases in root yield with increasing sulphur
levels may be attributed to its role in better partitioning of the
photosynthates in the shoot (Sud and Sharma, 2002). The
obtained results are in harmony with those reported by Shafika
et al. (2005), Zeinab et al. (2006), Awed Allah et al.(2007)
and Tawfic et al. 2014. They found that treated plants with
sulphur application increased yield and its components.

Effect of some foliar spray treatments

Spraying sugar beet plants grown in clay soil with
blue green algae increased root length, root diameter, yield
of top, yield of roots /fad. and yield of sugar/fad., followed
by spraying with mixture of Fe+Zn+Mn+B compared to
spraying with yeast extract in both seasons ( Table 8).

The increases in yield of sugar were about 7.4 and
11.6 % for spraying with mixture of Fe+Zn+Mn+B and 13.3
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and 19.0 % for spraying with blue green algae over spraying
with yeast extract in the 1st and 2nd seasons, respectively.

These results could be attributed to the effect of algae
extract which containing plant growth regulators on
increasing the absorption of nutrients and on photosynthesis
process, that led to more accumulation of metabolites in
reproductive organs; which, in turn, improved the sugar beet
productivity (Haider, 2012). This results are harmony with
those reported by Aly et al. (2008), Enan et al. (2016) and
AL Jbawi et al. (2020) on sugar beet with regard algae
effect. Dewdar et al. (2018) and Zewail, et al. (2020) as for
micronutrients effect

Effect of the interaction

The interaction between sulphur at 80 kg/fad. and
spraying with blue green algae. significantly increased root
length, root diameter , yield of top, yield of roots /fad. and
yield of sugar/fad. in both seasons (Table 9). The increases
in yield of sugar were about 32.8 and 56.3 % for the
interaction between 80 kg S/fad. and spraying with blue
green algae, 24.9 and 42.7 % for the interaction between 80
kg S/fad. and spraying with mixture of Fe+Zn+Mn+B over
the interaction between 0 S and spraying with yeast extract
in the 1% and 2" seasons, respectively.

Table 9. Effect of the interaction between sulphur rates and some foliar spray treatments on vyield and its
components of sugar beet during 2017/2018 and 2018/2019 seasons
Treatments Root length Root diameter Yield of top Yield of roots Yield of sugar
(cm) (cm) (ton/fed.) (ton/fed.) (ton/fed.)
Srates FST* 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
(kg/fed.) SEason  season  season  season  season  season  season  season  season  season
Fe+Zn +Mn+B 3944 f 4102 ef 2663 e 2749 e 8113 g 8477f 23333e 24.173f 4.072cd 4.472cd
0 Blue greenalgae extract 32.00g 4528 ¢ 27.23de 28.10 de 8.703 ef 9.097de 24.380d 25.257de 4.171cd 4.582cd
Yeast extract 39.22f 4079 f 2659 e 2444 f 8027 g 7387g 22867f 213579 3784 d 3532e
Fe+Zn+Mn+B 4222 d 4390cd 2888 ¢ 29.80 ¢ 8800 e 9.197d 24.133d 25.000e 3.992cd 4.385d
40 Blue greenalgae extract 46.11 b 4795 b 3044 b 3141 b 9613 b 10.047b 25.867b 26.800b 4.289bc 4.709c¢
Yeast extract 40.18ef 41.79 ef 28.33cd 29.23cd 8480 f 8860e 23967 d 24.830e 4.170cd 4.581cd
Fe+Zn+Mn+B 4415 ¢ 4592 bc 2854cd 29.45cd 9.367 ¢ 9.790 b 25.133c 26.037c 4.725ab 5.041b
80 Blue green algae extract 49.68 a 51.67 a 3358 a 34.66 a 10.300 a 10.763a 26.797a 27.760a 5.027a 552la
Yeast extract 4133de 42.98 de 29.06 bc 29.99 bc 9.103 d 9513 ¢ 24.867c 25.763cd 3.951cd 4.338d
LSD at 0.05 level 131 1.94 132 144 0142 0150 0393 0535 0420  0.296

FST*=foliar spray treatments

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

5. Root quality
ocN%, K%, Na%, sucrose%o and purity%
Effect of sulphur

Contents of K, sucrose and purity (%) of sugar beet
roots increased with increasing sulphur up to 80 kg /fed. with
no significant differences with sulphur at 40 kg/fed. in both
seasons with respect K (%) in both seasons and purity (%)
in the 2™ season (Table 10). Sulphur at different rates had no
significant effect on «cN and Na contents in roots in both

seasons. The increases in purity were about 1.0 and 1.7 %
for sulphur at 40 kg /fad. and 2.8 and 3.4 % for sulphur at 80
kg /fad. over the 0 S in the 1%t and 2™ seasons, respectively.

In this connection, Ferweez et al. (2011) indicated
that sulphur application level at 200 kg/fed. had a significant
increase in purity %, Na content, o- amino nitrogen, sugar
recovery%, quality index and sugar yield/fed in the two
growing seasons.

Table 10. Effect of sulphur rates and some foliar spray treatments on root quality of sugar beet during 2017/2018

and 2018/2019 seasons
N (%) K (%) Na (%) Sucrose % (%) Purity (%)
Treatments 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
season season Season  season  Season  Season  season  season  season  season
Effect of sulphur rates (kg/fed.)
0 263 a 272a 522 b 537 b 20la 19a 1704 b 1773 b 8108 b 8377 b
40 267 a 283 a 549a 564a 189a 18 a 1684 b 1785 b 8192 b 8520 ab
80 256 a 278 a 552 a 568a 189a 18 a 1764a 1870a 8339 a 8661a
LSD at 0.05 level NS NS 0.21 0.21 NS NS 0.45 0.59 0.87 1.66
effect of foliar spray treatments
Fe+ Zn +Mn+B 219 ¢ 231 ¢ 519 b 535 b 19 a 191a 1742a 1847 a 8148 b 8462 a
Blue green algae extract  2.65 b 282 b 564 a 58la 192a 18 a 1748a 1853 a 8239 a 8546a
Yeast extract 301 a 319a 540a 554a 193a 18 a 1661 b 1727 b 8253a 8549 a
LSD at 0.05 level 0.16 0.14 0.27 0.27 NS NS 0.80 0.85 0.68 NS

FST*=foliar spray treatments

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of some foliar spray treatments

In general, spraying sugar beet plants with blue green
algae increased K contents , sucrose and purity (%) of sugar
beet roots with no significant differences with yeast extract
with respect K contents and purity and with mixture of
Fe+Zn+Mn+B at 1 % with respect to sucrose (%) (Table 10).
Spraying with yeast extract increased ocN contents in roots in
both seasons. Different foliar spray treatments had no significant
effect on Na contents in roots in both seasons and purity (%) in
the 2™ season. The increases in purity were about 1.1 and 1.0
% for spraying with blue green algae and 1.3 and 1.0 % for

spraying with yeast extract over spraying with mixture of
Fe+Zn+Mn+B in the 1% and 2™ seasons, respectively.

These results may be due to that alga extract is
considered a source of high plant regulators content enhance
directly in the metabolism. It also contains some essential
macronutrients for growth and development of the plant as
N, P and K. In addition, algae extract affect the nutrients
uptake by plant roots (Marrez et al., 2014). Spraying sugar
beet with 0.8%B, 1.5%Cu, %5 Fe, %3 Mn, 0.2% Mo, 4%
Znat 0.5 kg ha-1 gave the highest values of sugar contents
in roots than unsprayed ( Ozbay and Yildirim , 2018)
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Effect of the interaction

The interaction between sulphur at 80 kg/fad. and
spraying with yeast extract significantly increased «cN, K
and Na (%) in roots, whereas the interaction between
sulphur at 80 kg/fed. and spraying with blue green algae
significantly increased sucrose and purity (%) (Table 11).
The increases in purity were about 5.2 and 5.2 % for the
interaction between 80 kg S/fed. and spraying with blue
green algae , 4.1 and 4.1 % for the interaction between 80
kg S/fed. and spraying with yeast extract over the
interaction between any S and spraying with mixture of
Fe+Zn+Mn+B inthe 1% and 2™ seasons, respectively

Iron, Zn, Mn and B in roots
Effect of sulphur

Data in Table (12) indicate that sulphur application
at 80 kg /fed. significantly increased Fe, Zn, Mnand B in
roots , followed by sulphur at 40 kg /fad. compared to the
control in both seasons .

The effect of sulphur on quality of root, with increasing
the rates of sulphur to soil gave a good moderation to sail
solution and increased most of micro elements to plants and
decreased the impurities in roots (Tawfic et al. 2014).

Table 11. Effect of the interaction between sulphur rates and some foliar spray treatments on root quality of sugar

beet during 2017/2018 and 2018/2019 seasons

Treatments N (%) K (%) Na (%) Sucrose % (%) Purity (%)
S rates FST* 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
(kg/fad.) Season  Season  season  season  season  season  season  season  season  season
0 Fe+Zn+Mn+B 194 c¢ 202 e 503e 518e 217a 213 a 1745 bc 1850 bc 7965 d 8283 e
Blue green algae extract 2.86 a 2.86 bc 5.64abc 58labc 199 ab 195 ab 17.11 bc 1814 bcd 82.19 bc 84.81 bcd
Yeast extract 310a 328a 499e 514 e 183ab 175a 1655cd 1654 e 8142 c 8367 de
40 FetZn+Mn+B 225 b 239 d 542b-e 559b-e 178 ab 175ab 1654 cd 1754cde 8134 ¢ 84.59 cde
Bluegreenalgaeextract 287 a 304 ab 577 ab 594 ab 216a 212a 1658 cd 1757cde 8116 ¢ 84.41cde
Yeast extract 289 a 306 a 529ce 540cde 171 ab 168 ab 1740 bc 1845 bc 8327 ab 86.60 ab
80 Fe+Zn+Mn+B 240 b 254 cd 513de 528de 188 ab 184 ab 1827 ab 19.36 ab 83.45 ab 86.45ahc
Blue greenalgaeextract 223 b 257 cd 553a-d 569ad 161 b 157b 1876a 1989 a 8382a 87.17a
Yeast extract 306a 324a 59l1a 609a 220a 216a 1589 d 16.84 de 8290 ab 86.22abc
LSD at 0.05 level 0.27 0.25 0.46 0.48 0.56 0.54 1.39 148 1.18 164

FST*=foliar spray treatments
Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of significance, according to Duncan’s multiple range test.

Effect of some foliar spray treatments

Spraying sugar beet plants with mixture of
Fe+Zn+Mn+B significantly increased Fe, Zn, Mnand B in
roots, followed by spraying with blue green algae and
yeast extract in both seasons (Table 12).

This results are agree with those reported with EI —
Sherief et al. (2016). They noticed that spraying sugar beet
plants with mixture of B+Zn+Mn had significant effect on
B, Znand Mn in sugar beet roots at harvest.

Effect of the interaction

The interaction between sulphur at 80 kgffed. and
spraying with the mixture of Fe+Zn+Mn+B significantly
increased Fe, Zn, Mnand B inroots inboth seasons (Table 13).

Generally, under the same conditions, it could be
concluded that, treating sugar beet soils with sulphur at 80
kg /fed. and spraying with blue green algae were the best
treatment for increasing total yield of roots and gave the
best roots quality.

Table 12. Effect of sulphur rates and some foliar spray treatments on micronutrients in root ( ppm) of sugar beet
during 2017/2018 and 2018/2019 seasons

Fe Zn B Mn
Treatments 2017/2018 2018/2019  2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
season season season season season season season season
Effect of sulphur rates ( kg/fed.)
0 16.27 ¢ 16.81 ¢ 11.86 ¢ 1223 ¢ 957 ¢ 997 ¢ 15.09 ¢ 1521 ¢
40 1841 b 1951 b 1387 b 1456 b 1160 b 1195 b 16.94 b 17.70 b
80 19.59 a 20.76 a 15.88 a 16.67 a 1278 a 1317 a 19.28 a 2015 a
LSD at 0.05 level 0.86 0.92 0.72 0.82 0.17 0.35 0.37 0.59
Effect of foliar spray treatments
Fe+Zn +Mn+B 2045 a 2168 a 1549 a 16.27 a 1268 a 13.06 a 1855 a 19.38 a
Blue green algae extract 17.04 b 18.07 b 1323 b 1389 b 10.74 b 1107 b 1649 b 1723 b
Yeast extract 16.78 b 1734 ¢ 1288 b 1331 b 1054 b 1097 b 16.27 b 16.44 ¢
LSD at 0.05 level 0.49 0.58 0.60 0.60 0.53 0.51 0.35 0.56

Table 13. Effect of the interaction between sulphur rates and some foliar spray treatments on micronutrients in root
(ppm) of sugar beet during 2017/2018 and 2018/2019 seasons

Treatments Fe Zn Mn B
S rates FST* 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019 2017/2018 2018/2019
(kg/fed.) season season season season season season season season
Fe+Zn +Mn+B 1893 ¢ 2007c 1328c¢c 139%c 1597¢ 16.69 c 1084 d 1116 d
0 Blue green algae extract  15.27 e 1619 f 11.30d 1186 d 14.76 d 15.43d 910 e 937 e
Yeast extract 14.63e 1417g 1101d 1090 d 1453 d 1352 e 8.78 e 9.37 e
Fe+Zn +Mn+B 2050 b 21.73b 1550b 1627 b 1850 b 1933 b 13.03 b 1342 b
40 Blue green algae extract  17.13 d 1816e 1317 c 1383c 16.29¢ 17.02c 1090 d 1123 d
Yeast extract 1760 d  1865de  12.93c 1358 c 16.04c 16.76 ¢ 10.88 d 1121d
Fe+Zn +Mn+B 2193a 2325a 1770a 1858 a 2118 a 2213 a 1416 a 1459 a
80 Blue green algae extract 18.73 ¢ 1985cd 1523 b 1599 b 1843 b 19.26 b 1223 ¢ 1260 ¢
Yeast extract 1811cd  19.19cde 1471 b 1544 b 1824 b 19.06 b 1196 ¢ 12.32¢
LSD at 0.05 level 0.85 1.02 1.04 1.04 0.61 0.97 0.92 0.89

FST*=foliar spray treatments
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