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Abstract

Two field experiments were conducted at Sakha
Agricultural Research Station, Kafr-EL-Sheikh Governorate during
the two successive seasons 2002 - 2003 and 2003 - 2004 to
investigate the effect of soil K-fertilizer at 100 and 50 % of the
recommended rate (24 kg K;Offed), foliar application with
growth regulators (IAA and/or Kinetin) at levels of 10 and 10™
Molar and their combination on some physio-chemical properties
and yields of sugar beet plants. The results indicate the
following:

1- Decreasing K-rate from 24 to 12 kg K;Offed led to obvious
reduction in root diameter and length, fresh and dry weights of
root and top, leaf area and yields of roots, tops and sugar.
Decreasing the K-rate also decreased the chemical properties
namely: individual sugars, invertase activity and mineral
elementals composition. Meantime, root impurities (K and a-
amino N) and some technological parameters, i.e. sugar lost in
molasses (SLM), extractable sugar (Ex s) and alkalinity coefficient
(AC) showed the same trend. On the contrary, decreasing the K-
rate only increased juice purity and Na % in the juice.

2- Growth regulators (IAA or Ki) affected positively most of above
traits except invertase activity and juice purity. This effect was
increased with the increase in their concentrations.

3- K- fertilizer combined with IAA or Ki gave the same trend as that
of the tested growth regulators when used alone.

4- Foliar sprays with IAA alone or combined with K-fertilizer was
more effective than Ki treatments.

Based on, the above results it could be recommended to use

K-fertilizer at 12 kg K,Offed combined with IAA at 10 to improve

juice quality of sugar beet root and reduce environmental pollution.

INTRODUCTION

Sugar beet is considered the second crop for sugar production in the world and
in Egypt as well. About 25 % of the total sugar production in Egypt is from sugar beet,
moreover, it provides a higher income to the farmers.

Fertilizers play a great and important role in growth, yield and juice quality of

sugar beet.
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Potassium is considered as one of the most essential mineral elements for sugar
beet production, as it has a great influence on various biochemical processes and
enzyme systems.

Meantime, this element is known to cause juice impurities or non-sugars
components which is not removed during various processing steps so, it is necessarily
to take into aecount in almost calculations amid at assessing the contribution of the
non-sugars to potential loss of sugar into molasses (Van Geijn ef al., 1983).

Nowadays great efforts are undertaken to reduce the environmental pollution
that caused by continuous application of inorganic fertilizers. Therefore, the main
objective of this study is to reduce the rate of K-fertilizer via the use of some growth
promoting substances (IAA and kinetin) to attain the best juice quality and high yield.

In modern agriculture TAA and kinetin are widely used due to their unique role
in regulating and intensifying the action of same agronomical practices for achieving
both qualitative and quantitative improvement in beet production.

Several workers studied the effect of K-fertilization and foliar spraying with the
two previous growth regulators, on some physiological and chemical properties and
yields of sugar. beet. As for K-fertilizer effect, Kandil et al, (1993) found that K-
fertilization exhibited an increase in root length, root diameter and weight of
leaves/plant and blade leaf area. Individual sugars, i. e. sucrose, glucose, fructose,
galactose and raffinose, were enhanced especially sucrose by potassium fertilization.
Also, invertase activity followed the same result, (Khalil et ;I, 2001). For their effect on
impurities, Ashmaye (1998) found that K-fertilizer increased the content of K element,
while, contrary result was recorded for Na and a amino N in extracted juice. Also,
some technological parameters, i. e. sugar lost in molass, extractable sugar, and
alkalinity coefficient were increased by increasing K rates. El-Maghraby et al,(1998)
showed that further increase in K-fertilizer up to (48 kg K, O/fed) caused significant
decrease in purity. Moreover, Kristek et af/, (1996) found that increasing K fertilizer
increased root, top and sugar yields.

Regarding the effect of growth regulators, i. e. IAA and Kinetin, Gurdev-Singh et
al. (1991) found that growth regulators increased most growth traits as compared
with the untreated controls. Individual sugars, i. e. sucrose, glucose, fructose,
galactose and raffinose, were increased by kinetin (Moustafa and Moustafa, 2004). In
sugar cane both sucrose and purity % were significantly increased compared to the
control by kinetin treatment (Kanwar and Kanwar, 1985). Ashmaye (1998) found the

same trend for invertase activity. Extractable sugar % and alkalinity coefficient were
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increased but sugar loss in molass was decreased by increasing IAA or kinetin
(Moustafa and Moustafa, 2004). Also, Vach (1999) found that cytokinin caused a
statistically significant increases in root and sugar yields of sugar beet.

MATERIALS AND METHODS

Two field experiments were carried out at Sakha Agricultural Research Station,
Kafr El-Sheikh governorate, to study the effect of soil application of K-fertilizer as
potassium sulphate (48 % K, O), foliar application of IAA or Kinetin and their
combinations on some physiochemical properties and yields of sugar beet. Soil
samples were taken before sowing and prepared for the determination of physical and
chemical soil properties according to Chapman and Pratt (1961). The obtained results
are shown in Table 1.
Table 1. Physical and chemical properties of the tested soil.

Soil analysis 2002/2003 2003/2004
EC(d sm?) 2.70 2.90
pH (paste) 7.90 8.10
| Particle size distribution
Sand % 23.7 : 24.9
Silt % 335 30.0
Clay % 42.8 45.1
Textural class Clay Clay
Soluble ions (megL™)
Ca*? 0.22 0.26
Mg*? 0.09 0.12
Na* 0.16 " 0.19
K 0.13 0.15
ar 0.23 0.27
So,? 0.21 0.24
Heoy . 0.26 : 0.21
Cos? 0.00 0.00
Available nutrients (ppm)
N 34.6 36.6
21.3 26.7
293 315

A multigerm sugar beet variety Oscar poly was planted on October 25 and 13™
in 2002 and 2003 seasons, respectively. The experimental design was a split plot
design in three replications where, soil K-fertilization was allocated in the main plots
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while the foliar applications of IAA or Kinetin were distributed randomly in the sub-
plots.

The area of each plot was 10.5 m? including six ridges, 3.5 m in length and 0.5
m apart. The experiment involved ten treatments, two rates of soil K-fertilizer 100 and
50 % of the recommended rate (24 kg K; O/fed) as potassium sulfate (48 % K, 0) and
five levels of foliar applications of the studied two growth regulators (GR) which were
sprayed twice at 45 and 75 days from sowing, as follows:

K at 24 kg k,0/ fed (K;) + foliar spray with distilled water (DW)
K; + IAA at 10° M (IAA)

K, + IAA at 10™* M (IAA7)

K, + Ki at 10 M (Ki;)

K, + Ki at 10™* M (Kiy)

K at 12 kg k,0/ fed (K;) + foliar spray with distilled water (DW)
Kz + (IAA;)

Kz + (1AA;)

. K+ (Kiy)

10. K; + (Kip)

Nitrogen fertilization was applied at 80 kg N/ffed as urea (46 % N) in two equal
doses, the first was added after thinning while, the second one was added one month
later. Phosphate fertilizer was applied at seedbed preparation at 30 kg P,Os/fed as
calcium super phosphate (15.5 % P20s).

© @ NSV WD

The normal practices of sugar beet cultivation were maintained to assure
optimum production.
At harvest time, (210 days from sowing) random four samples were taken from
each plot to determine the following.
1- Growth traits.
a- Diameter and length of root (cm).
b- Fresh and dry weights of root and top (g/plant).
- Leaf area (cm?) was determined using the area meter, Model: L1.3000A
2- Individual sugars (g/100 g dw) were determined according to Black and Bagley
(1978) by using (H PLC).
3- Invertase activity of roots (unit/mg.glucose/30 min) was determined according to
(Bergmayer 1979).
4- Root quality and some technological parameters were determined using an
automatic French system (Hycel).
a- Root quality
-Impurities (Na, K and a- amino nitrogen (g/100 g.sugar)
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-Purity % (Devillers,1988).

b- Some technological parameters
- Sugar lost in molasses (SLM) (Devillers,1988).
- Extractable sugar (Ex s) (Dexter et al,, 1967). .
- Alkalinity coefficient (AC) = Na + K / a- amino nitrogen (g/100 g. sugar)

5- Elemental composition (%) and yields:

a- Elemental composition (%)

- Nitrogen was determined using micro-kjeldahl method Chapman and Pratt

(1961).

- Phosphorus was determined calorimetrically according to Chapman and Pratt
(1961).

- Potassium was determined by flame-photometric method of Brown and lilliand
(1964).

b- Roots, tops‘and sugar yields (tons/fed).

All collected data were statistically analyzed according to Snedecor and Cochran
(1981). ‘

RESULTS AND DISCUSSION
1- Growth traits

Data in Table 2 show the effect of K-fertilizer at 24 and 12 kg k,o/fed, foliar
spray with IAA and Ki at 10 and 10* M and their combination on some growth traits
of sugar beet.

a- Root diameter and length

Significant decreases in root diameter and length were observed, by decreasing
the rate of K- fertilizer from 24 to 12 kg K; O/fed, at harvest in the two seasons (Table
2). In this connection, El-Maghraby et a/. (1998) found that increasing the rate of K-
fertilizer from zero to 48 Kg K, O /fed significantly increased root dimensions (diameter
and length).

As for the effect of foliar spray, with IAA or Ki, there was an increase in root
diameter and length with the increase of IAA and Ki concentrations to reach the
significant. Ki was more effective on root diameter and length than IAA (Table 2).

Regarding the effect of the interaction between K- fertilizer and foliar spray with
IAA or Ki, results in Table 2 showed significant increases in root length in both seasons
and root diameter in the second season only. Futhermare, the two studied growth
regulators at the higher concentration did not significantly affect root length in both
seasons under the low K rate, while under the higher K rate, Ki showed superloﬁty
over IAA.
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It is important to mention that K at 12 kg K; O/fed combined with foliar spray
with Ki was better than K at the 24 kg K;O/fed alone. These effects may be due to
that phytohormones are involved in regulation of many physiological processes in
plants, which participate in induction of cell division and elongation (Ashmaye, 1998).

b- Fresh and dry weights of root and top. '

Data in Table 2 indicated that, in general, fresh and dry weights of root and top
were significantly decreased as soil K-fertilizer decreased from 24 to 12 kg K, Offed.
These results are in full agreement with those obtained by Ashmaye (1998) and Khalil
et al, (2001).

Foliar sprays with IAA or Ki alone increased significantly fresh and dry weights of
root and top. Data also cleared that the high level of IAA or Ki had a better effect on
growth traits than the low level (Table 2).

Regarding K-fertilizer and GR interactions, the results exhibited a significant
increase in all previous traits except root fresh weight, which had insignificant increase
in both seasons (Table 2). Moustafa and Moustafa (2004) reported that growth
promoters are known to enhance cell division, activate cell growth and regulate other
growth processes.

c- Leaf area (LA)

Data in Table 2 show that decreasing the rate of K-fertilizer from 24 to 12 kg
K,O/fed significantly decreased leaf area.

Results of foliar spray with GR indicate that either IAA or Ki significantly
increased leaf area as compared to the control (K only). Using IAA was more effective
on leaf area than Ki. Furthermore, the higher concentration of IAA or Ki exhibited
more leaf area than the lower concentration (Table 2).

With respect to K- fertilizer and GR interactions, data in Table 2 cleared that in
general, there were significant interaction effects. Worth to mention, that growth
regulators with K-fertilizer at the higher rate gave better results for leaf area than K-
fertilizer at the lower rate.

It could be noticed that K at low rate combined with IAA or Ki at both levels was
more effective than K at the higher rate.

2- Individual sugars (g/100g dw).

Data of sugar beet roots on the following individual sugars, i. e. sucrose,
glucose, fructose, galactose and raffinose, revealed that decreasing K-fertilization rate
from 24 to 12 kg K, O/fed significantly reduced all sugars extracted from sugar beet
roots except fructose and galactose, where the reduction was too small to reach the
level of significance (Table 3). These effects may be due to that K is very important
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element in photosynthesis and sugars production. The present results support the
data obtained by Khalil et a/. (2001).

In general, foliar spray with (IAA or Ki) significantly increased sucrose, galactose
and raffinose, while, this increase was insignificant for fructose. Data also showed that
the concentration of all previous sugars increased by increasing the Ie\)el of IAA or Ki
from 10° to 10* M (Table 3). Moreover, IAA was more effective than Ki in this
respect.

The interaction between K-fertilizer and studied growh regulators gave
insignificant increases in all determined sugars except sucrose, which was significant.
It is important to mention that K at 12 kg K, O/fed combined with IAA especially at the
high level gave better results than K at 24 kg K; O/fed alone. This may be attributed to
their positive effect on metabolic processes. It has been proposed that sucrose is co-
transported with potassium and counter transported with protons across to tonoblast
of the sink cells; this process is apparently stimulated by IAA (Kotyk et e/, 1996).
3-Invertase activity

Invertase is one of the most important enzymes in plant tissue because of its
ability to catalase the break down of sucrose, it is known as sugar degradation
enzyme. Data presented in Table 3 pointed out that increasing K- fertilization from 12
kg K, Offed significantly increased invertase activity in sugar beet roots. Where,
potassium is frequently referred as enzyme activator (Ashmaye, 1998).

Concerning the effect of IAA or Ki, It is obvious to note that treatments under
study caused significant decrease in the invertase activity. The decrease in invertase
acti\)ity was directly proportional with IAA or Ki concentrations.

The effect of K-fertilization and IAA or Ki interactions was insignificant. These
results agree with those reported by Khalil et al, (2001) and Moustafa and Moustafa
(2004).

4- Root quality and some technological parameters

a- Root quality
' Data in Table 4 show the effect of K-fertilizer and their combinations with foliar
spray of IAA or Kinetin (Ki) on root quality, i. e. juice impurities and purity in
sugarbeet roots at harvest.
- Juice impurities

Decreasing K rate from 24 to 12 kg K; Of/fed led to a'significant decrease in the
concentration of K and a-amino N. On the contrary, Na was significantly increased
(Table 4). '
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Data also show that, in general, foliar application of IAA or Ki significantly
increased both K and Na while the increase of a-amino N was not significant as
compared to the control. Increasing the concentration of IAA from 10° to 107'M
increased both a-amino N and K but decreased Na content. While Ki increased K only
in sugar beet juice.

Regarding the effect of the interaction between K and IAA or Ki, data showed
significant increase for Na while this increase was not significant for a-amino N and K
(Table 4). IAA or Ki at the low level gave significant increase in Na content as
compared with its higher level or the control under the higher rate of K-fertilizer, while
resultes were not significant under the low rate of K-fertilizer.

In general, the best treatment gave the lowest juice impurities was K at 12 kg
K, Offed.
- Juice Purity

Significant increase in juice purity was observed by decreasing the rate of K —
fertilizer from 24 to 12 kg K; O/fed (Table 4). Such increase in purity may be due to
the decrease in the level of impurities in juice as mentioned above. While IAA or Ki
significantly decreased juice purity as compared to the control. Data also cleared that
increasing the level of GR approximately did not affect purity %.

Regarding the effect of the interaction between K and growth regulators, data
showed insignificant decrease in juice purity.

b- Some Technological parameters
- Sugar lost in molasses (SLM)

Generally, there was significant decrease in SLM accompanied the reduction in
K-fertilizer from 24 to 12 kg K, O/fed (Table 4). Such effect may be attributed to the
decrease in the level of juice impurities. Whereas foliar sprays with IAA or Ki at both
levels significantly increased SLM.

— Extractable sugar (Ex s).

As mentioned before, sucrose increased by increasing K-fertilizer from 12 to 24
kg K; O/fed, the same trend was found in Ex s but its content was lower than sucrose
%. This may be attributed to the fact that the increase in K level led to an increase in
sucrose % and juice impurities, which reduced Ex s. Either IAA or Ki at the two levels
increased Ex s. This increase was significant for IAA only at the two levels (Table 4).

The interactions between growth regulators and K level insignificantly increased
Ex s. It could be noticed that K at 12 kg K,0O/fed combined with foliar applications of
IAA or Ki at both levels produced more Ex s than K at 24 kg K, O/fed alone (Table 4).
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-Alkalinity coefficient (AC)

Data in Table 4 show that K-fertilizer at 24 kg k, O/fed gave higher AC values
than at 12 kg K, O/fed.

Foliar application with IAA at 10* M reduced AC compared to the control
treatment. On the other hand, Ki application at two levels significantly increased AC.

The interactions between K and growth regulators (IAA or Ki) afforded
insignificant effects.

5- Elemental compositions and yields:
a- Elemental compositions

Data in Table 5 revealed that a significant decrease in the concentration of
phosphorus and potassium and insignificant for nitrogen as a result of decreasing the
rate of K from 24 to 12 kg K; O/fed, Khalil et al (2001) found the same results.

Foliar spray with IAA or Ki significantly increased N, P and K as compared to the
control. On the other hand, Ki significantly decreased both N and K but significantly
increased P.

K-fertilizer at higher rate x (IAA or Ki) interactior}s caused a better result than in
the presence of K at a low rate for N, P and K (Table 5). The obtained results are in
harmony with those reviewed by Moustafa et a/. (2001). ~
b-- Roots, tops gnd sugar yield (ton/fed).

Data illustrated in Table 5 indicate that K at 24 kg K,O/fed exhibited higher
values of root and top yield as well as sugar yield (ton/fed) compared with K at 12 kg
k, O/fed. The increase in yields could be attributed to the positive effect of abundant K
on fresh and dry weight of root and tops, leaf area and sucrose percentage as
revealed before and reflected on yields.

Concerning the effect of foliar spray with IAA or Ki at the two levels, it was
noticed that such growth regulators caused significant increases in all accounted
yields. Foliar spray with IAA surpassed foliar spray with Ki in this respect (Table 5).

Either IAA or Ki in the presence of K at 100 % of RR had more beneficial effect
than K at 12 kg k, O/fed. Thus, the best treatment which gave the highest sugar yield
was IAA at the high level in the presence of K at 24 kg K; O/fed.

It is worthy to mention that K at low rate could be better than K at higher rate
when combined with foliar applications of IAA or Ki at high level (10*M), where it gave
the highest roots, tops and sugar yields. Similar results were obtained by Moustafa et
al, (2001).
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MOUSTAFA, ZEINAB R., et al.
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