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RESULTS AND DISCUSSION

It is well known that micronutrients play an important role as
activators or co-enzymes in many vital processes through different

growth stages of sugar beet plants.

The present study was carried out to investigate the performance
of sugar beet under different levels of Boron, Zinc, Manganese and their

mixture. The three nutrients were applied as soil fertilizers at three

. application dates.

The obtained results could be presented and discussed under the
following topics : growth characters, juice quality as well as chemical

constituents at harvest and yield potentialities.

A- Growth Characters

I. Effect of Boron

A|- Leaf characteristics as affected by Boron :

The effects of Boron on number of leaves, leaf area index (LAI)
and top fresh weight of sugar beet during the growth period combined

over 1993/ 94 and 1994/ 95 seasons are presented in Table (2).

The statistical analysis of the results revealed no significant
differences among the mean values of the three above mentioned
characters and among the three application dates as affected by the

three B concentrations except for B application date which seemed to
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be of significant effect on LAI for the samples taken at 135 days from

planting.
1- Number of leaves/ plant :

Conceming the leaves number / plant no any significant effect for
B level or date of application was detected throughout the three
sampling dates. Apphcation date showed slight differences in number
of leaves/ plant at the three sampling dates. Applying B after 90 days
from planting showed better effect on this trait at the first as well as the
second éampling dates. This treatment produced an increase in leaves
number / plant of 7.17 and 9.26 % over the treatment including B
application at planting m the samples taken at 135 and 150 days,

respectively.

Also, applymg B at 90 days induced an increase in number of
leaves/ plant by 549 and 10.45 % compared with B application after
105 days from planting, respectively in samples taken at 135 and 105
days.

However, all these differences were below the level of

significance.

The results revealed also no any apparent effect for B level on
leaves number/ plant at all sampling dates. Also, the interaction
between B level and application date had no significant effect on

number of leaves/ plant.
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These results did not agree with those obtained by Morsy and
Taha (1986) and Saif (1991) who found that B had pronounced effect

on number of leaves/ plant of sugar beet.

2- Leaf area index (LAJ) :

Results in Table 2 showed that B level did not significantly
affect LAI at all samphng dates. Date of application significantly
affected LAI at 135 days (first sampling date). The results showed that
applying B after 90 or 105 days significantly increased LAI by 29.12
and 31.82 % compared with applying B at planting, respectively. The
significant effect of application date was only detected at the first
sampling date, whereas at the second and third sampling dates no any

significant effect was observed for B application date on LAI

. The interaction between B levels and application dates did not
significantly affect LAI, indicating that each experimental factor acted

independently in affecting this character.

It could be concluded that B application had no marked influence
on LAI perhaps due to the presence of adequate amount of available B

in the soil.
3- Top fresh weight per plant :

Results 1 Table 2 indicated that B application at 0.5 and 1.0 kg/
fed did not significantly affect top fresh weight/ plant throughout the
different growth stages. Also, B application date had no significant

effect on this trait.
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The only significant effect on top fresh weight/ plant was for the

interaction between B level and date of application at 150 days age.

The highest fresh weight at 150 days from planting was 5413 ¢g
which was recorded by applying 1.0 kg B/ fed at 105 days from

planting.

The results showed a slight increase in top fresh weight/ plant
due to applying 1 kg B/ fed, compared with 0 and 0.5 kg levels.
Applying 1 kg B/ fed insignificantly increased top fresh weight by 2.09
and 7.63 % comparcd with the check treatment at the first and third
sampling dates, respectively. These increases were, however, below

the level of significance.

It could be concluded that the effect of B was not evident on
growth characters of sugar beet under the conditions of the experiment.

These results are not in line with those reported by Morsy and
Taha (1986), El-Mashhadi (1988) and Saif ( 1991), who found that B
application significantly and positively affected growth characters of

sugar beet.

A- Root characteristics ad affected by Boron :

Results for the effect of B on root length, root diameter and root
fresh weight of sugar beet combined over 1993/94 and 1994/ 95
seasons are presented in Table (3).
1- Root length :

Results in Table (3) indicated that B application had no
significant effect on root length throughout the three growth
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periods. Also, date of B application did not significantly mfluence this

trait.

It was observed from the results that | kg B/ fed insignificantly
increased toot length over check treatment by 5.73, 378 and 1.09 % at
.135, 150 and 165 days from planting, respectively. However, these
differences were not great enough to reach the level of significance.
The date of B application had no marked effect on root length at the

three samphing dates.

The mieraction between B application jevel and date of
application had no significant effect on root length at the three sampling

dates.

The present resulls are not in agreement with those obtained by
Saif (1991) and Tanq ¢f al., (1993) who found that B application

increased root length.
2- Root diameter :

Results indicated that B level had no significant effect on root
diameter of sugar beet throughout the three sampling dates. On the
other hand, date of B application significantly affected root diameter at
the first sampling date (at 135 days). At that period applying B after
90 days from planting produced an increase in root diameter of 11.96 %
compared with the later application after 105 days. This increase in

root diameter was significant.
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B level and application date interaction did not significantly
influence 10Ot diameter. The present results are not in agreement with

those obtained by Saif (1991) and Tariq et al., (1993) who found that B

application significantly increased root diameter of sugar beet.
3. Root fresh weight :

Results presemed in Table (3) indicated that B levels had no
significant effect on root fresh weight throughout the three sampling
dates. Onthe other hand, B application date significantly affected root
fresh weight at 135 and 150 sampling dates. At these dates, applying
B after 90 days {rom planting significantly increased root fresh weight
by 21.66 and 18.89 % compared with B applied at sowing in the first
and second sampling date, respectively. Also, applying B at 90 days
from planting sipnificantly increased root fresh weight by 2135 and
584 % compared with later application at 105 days in first and second
sampling dates, respectively. At the last sampling date, nO significant

effect for B application date could be detected.

The effect of the interaction between B levels and date of
application did not significantly affect root fresh weight throughout the

three sampling dates.

The present results indicated that B is better to be applied at 90

days for a better growth response.

Results obtained by El-Mashhadi (1988) indicated that B
application at | kg B/ fed produced the highest fresh and dry weight of
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tops and roots of sugar beet. Also, Saif (1991) showed that B at 0.5 kg/
fed produced the highest values of number of leaves and fresh and dry

weights of tops.
A;- Juice quality during the growth period as affected by Boron :

Results for the effect of B fertilizer on TSS %, sucrose % and
purity % of sugar beet combined over 1993/ 94 and 1994/ 95 seasons

are presented in Table (4).
1- Total soluble solids percentage (TSS %) :

Results in Table (4) indicated no significant effect for B level on
TSS % throughout the growing season. The response of this trait to B
application was below the significant level and no clear trend could be

detected for B level.

The only significant effect was for date of B application at the
second sampling date (at 150 days from planting). At this age, the late
application of B (after 105 days form planting) was more effective on

TSS % compared with application after 90 days.

On the other hand, the three dates of applications were of a

similar effect on TSS % at the first as well as the third sampling dates.

The effect of the interaction between B levels and B application
dates was not significant throughout the three sampling dates, even in
many instances the check treatment showed insignificant increase in

TSS %. It could be concluded that under the conditions of the
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experiments the effect of Blevel on TSS % during the growth period
was not evident. Similar results were also reported by Genaidy (1988)
who found that B fertilization at 2 kg B/fed decreased TSS % in juice.
On the other hand, Morsy and Taha (1986) as well as Saif (1991)

reported that B application increased TSS in roots juice of sugar beet.
2- Sucrose percentage :

Results in Table (4) indicated that B level, application date and
their interaction did not sigmficantly influence sucrose % of sugar beet
roots throughout the three sampling dates combined  over both

experimental seasons.

It was observed that sucrose % gradually increased with the
advance of growth. being 9.54, 10.23 and 13.94 % asan overall
average of all treatments at 135, 150 and 165 days from planting,

respectively.

It could be concluded that sucrose % in sugar beet roots at the
different growth stages did not respond to B application, probably due

to an adequate amount of available B in the soil.

The present results agree with those obtained by Voth ef al.,
(1979), Rustskaya ¢ al. (1981) and Erjala (1986) who found that B

application did not significantly affect sugar content in sugar beet.

On the other hand, results reported by Schmidt ef al., (1973),
Singh and Gangwar (1973), Zolotov and Lavrov (1973), Tadorcic and

Faller (1977), Vlasyuk et al., (1977), Kudryashov (1985), Morsy and
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(1988) and Saif (1991)

rose % in sugar beet.

Taha (1980), El-Mashhadi (1988), Genaidy

showed that B application markedly increased suc

3- Purity percentage

d that purity % insugar beet juice

Results Table (4) showe

ghout the different growth stages was not significantly affected by

throu

B level application date and their interaction.

The data showed no any clear trend for B app]ication on this

o response of sugar beet during prowth stages 10 B

trait indicating n
resence of this micronutrient in adequate amount

probably due tothe p

in the sotl.

results are not in agreement with those reported by

1988), and Saif (1991) who found that

urity % i root jwice.

The present
l- Mashhadi (1988). Genaidy (

B application 1o sugaf beet markedly jmproved p

11- Effect of Zinc :

A, - Leaf characteristics as affected by Zinc :

cts of Zinc application level. date of Zn

Results for the effe
n on number of leaves/ plant, leaf area

application and their interactio
index (LAIl) and top fresh weight/ plant of sugar beet combined over

1993/94 and 1994/95 seasons are presented m Table (3).

1- Number of leaves/ plant :
plication at 6 kg/ fed significantly

Results showed that Zn ap
e second sampling date compared

reduced leaves pumber/ plant at th
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with the check treatment. The reduction in leaves number was 16.02

%%, being significant.

This negative effect of Zn application was not observed at the
first and third sampling dates. On the other hand, at the third sampling
date, the highest 7n level slightly increased number of leaves/ plant by
9 10 % compared with the control treatment. This indicates that sugar
peet plants can withstand a higher Zn level and the negative effects are

not permanent

Concerning Zn application date, the results in Table (5) showed
no significant  response of this trait. However, slight increases were
observed as a result of the later application at 105 days age throughout
the three growth periods. Applying Zn after 105 days from planting
insignificantly increased number of leaves/ plant by 443, 3.74 and
6.63%, compared with Zn application at planting, at the first, second
and third sampling date, respectively. This result may be due to the
greater requirements of sugar beet to Zn at jater stages of growth.

The effect of the interaction between Zn levels and application
dates did not sigmificantly affect number of leaves/ plant at all sampling
dates.

The present results are not agreement with those obtained by
Saif (1991) who found that Zn apphication produced greater number

of leaves per sugar beet plant.
7- Leaf area index (LAI):

Results in Table (5) indicated no significant effect of Zn

application level on LAI throughout the three sampling dates.
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Different results were reported by Saif (1991) and Mohamed
(1993) who found that Zn application markedly increased growth

characters of sugar beet plants.
Az- Root characteristics as affected by Zinc :

Results for the effects of Zn application on root length, root
drameter and root fresh weight of sugar beet combined over 1993/94

and 1994/ 95 scasons are presented in Table (6).
1- Root length :

The results presented in Table (6) mdicated no significant effect
for  Zn level on root length throughout the three sampling dates.
Increases in root length were observed in the third sampling date due to
Zn  application, where Zn applied at 3 and 6 kg/ fed increased root
length by 1247 and 10.18 % compared with the check treatment,
respectively.  However, these increases were below the level of

significance probably due to the great experimental error.

Date of Zn application significantly affected root length at the
first sampling date, where the early Zn application at planting
significantly surpassed the late application at 105 days from planting by
10.68 . This effect of application date was not significant at the

second and third sampling dates.

The interaction between Zn levels and application dates was only
significant  at the first sampling date where the greatest response to Zn

~was associated with earliest application at planting of the middle Zn
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level (3 kg fedy.  The results showed that this combination pl't.)duccd

the maxmm root length. bemg 2493 e

The present rosults are not in peneral agreement with those
reported by Chernova (197-h) and Sait (1991 who found marked
Cereases prowth characters of sugar beet roots due to Zn appheation

7. Root diameter :

(6) indicated that Zn application showed a

Results 10 Table
¢ sampling date. Zn

signifrcant offect on root diameter at the firs
applied at 3 and 6 kg/ fed increased root diameter by 6.82 and (.84 Y.
over the check treatment, respectively. The increase due 10 the mddle
7 level (3 ky/ fed) was stgnificant.

The etfect of /n level on root diameter was not clear at the
second and third sampling dates where the differences in root drameter
were not significant. .

had no significant etfects on root

Dates of Zn application
tion seemed 0 be more etective

in general, early Zn apphca

drameter.
1, but without st gmificant differ

s trait than later applicatior

on tl ences.

The interaction between 7n levels and application dates had no
indicating  that both factors

effect on root diameter
ee .different samphing

significant

independently affected root diameter at the thr

dates.



The significant effect of Zn on root groawth was also reported by
manyanvestivators (Boawn and Victs. 1965 Smf 1991 and Mohamed,

[993)
3- Root fresh weight :

Results. showed  that root fresh weight was not significantly
alfected by Zn ldevel throughout the three samplmyg dates. However.
increases were observed m root fresh weight at the third sampling date
where increases of 0.39 and 325 % were recorded over the control

treatment due to applyving Zn at 3 and 6 kg/ fed, respectively. But

these increases were. however. too slight to reach the level of

sigmificance.

Zn apphcation date had no sigmficant effect on root fresh weight
f
in spite of the increases observed with the early Zn apphlication,

partrcularly at the first samphing date.

The  teraction between Zn levels  and application dates
significantly  affected root fresh weight at the third: sampling date. At
165 davs from planting it was observed that the greatest response to the
middle Zn level (3 kg fed) was achieved when IZn was applied at
planting. On the other hand, the highest response value at the higher

Zn level (6 kg fed) was recorded when Zn was apphed at 90 days age.

The lughest root weight was 104930 ¢ which was produced by

applving Zn at 6 kg/ fed at 90 days from planting.
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It could be concluded that the response of root fresh weight to Zn
application Wwas not that great as reported In other investigations
perhaps due 10 the high pH value of the experimental soil and to an

adequate Zn content.

Results reported by Saif (1991) and Mohamed (1993) indicated a

significant response of sugar beet growth characters to Zn application.
As- Juice quality during the growth period as affected by Zinc :

Results for the etfects of Zn application on total soluble solids
{(I'SS), sucrose pereentage and purity pereentage of sugar beet during
the growth perod combined over 1993/ 94 and 1994/ 95 seasons ate

prescnted in Table (7).
{- Total soluble solids percentage (TSS %) :

Results in Table (7) indicated a significant effect of Zn
application level on TSS % at the third sampling date (163 days from
planting). At this sampling date, Zn applied at 6 ky/ fed significantly
reduced TSS % compared with the check treatment. The reduction due
to the higher Zn level was 0.6 (or 323 %) in TSS % reaching the

significant level

A reduction in TSS % was also observed due to applying the
higher Zn level at the firstand second sampling dates compared with
the control treatment, but this reduction was not significant. It was also
observed that the lower 7n level (3 kg fed) neither increased nor

decreased TSS % comparing with the check treatment.
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The present results are not in agreement with those obtained by
Saif (1991) who reported that Za applied at 4 kg/ fed recorded the

highest value of TSS % in sugar beet.

Concerning the interaction between 7Zn levels and application
dates, resuits m Table (7) indicated a significant effect on TSS % at the
third sampling date. The results revealed that Zn applied to sugar beet
plants at 90 datcs age was most efficient at 3 kg/ fed, whereas the 6 kg/
fod 7n level was more efficient when applied at sowing date. Zn
application at 105 days caused an increase in TSS % compared with the

checek treatment.

This  different response of sugar beet plants to Zn level 1s an

evidence for the interaction effect.
2- Sucrose percentage :

The results in Table (7) indicated that neither Zn levels nor
application dates significantly affected sucrose % throughout the three
sampling dates. Very slight differences in sucrose %, but without any
specific trend, could be observed indicating that this trait was not

influenced by Zn application.

Also, the effect of the interaction between Zn levels and
application dates was not significant. It was generally observed that
the highest sucrose % was 10.70 % at the first sampling date recorded
with 6 kg Zn/ fed applied 90 days from planting. At the second

sampling date, the highest sucrose % was obtained by combining 6 kg
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Zn level with application at 105 days, being 11.20 % While at the
third sampling date the highest sucrose % was 14 60 % recorded with a

Zn level of 3 ky/ fed apphed at 105 days from planting.

The present results are not in full agreement with those obtained
by Monakhova (1976). Kibalenko ¢t al.. (1977), Sroller (1978),
Vlasvuk ¢r af . (1977), Kalimeri and Pellumbi (1982), Kudryashov
(1985). Genaidy (1988) and Saif (1991) who found that Zn application

markedly increased sucrose % in sugar beet.

On the other hand, Rutskava ¢r af . (1981) showed that
applicatton of B and 7n to sugar beet caused no changes in sugar

contents,
3- Purity percentage :

The results in Table (7) showed that Zn levels, application dates
and their interaction had no significant effects on purity % in sugar beet

throughout the three sampling dates.

All differences observed in purity % were too shight to reach the
level of significance. Moreover, differences were illdefined and
showed no specific trend It could be concluded that under the
conditions of the experiments Zn application did not significantly affect

purity % in sugar beet during growth period.

The present results are not in agreement with those reported by
Kudryashov (1985) and Saif (1991) who found that purity % and

quality of sugar beet juice were increased by Zn application.
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II- Effect of Manganese

A~ Leaf characteristics as affected by Manganese :

Results for the effects of Mn application level, Mn application
date and their interaction op number of leaves/ plant, leaf area index
(LAI) and top fresh weight/ plant of sugar beet combined over 1993/ 94
and 1994/ 95 seasons are presented in Table (8).

1- Number of leaves/ plant :

Results in Table (8) indicated tha neither  Mn level nor Mg
application date significantly affected leaves number/ plant throughout

the three sampling dates.

All differences observed in this trait showed no any specific

trend indicating no any marked influence for Mn application.

The interaction between Mp levels and application dates on
number of leaves/ plant was also not significant, However, the highest
value of this trait at the first sampling date was 29 40 which was
recorded by Mn at 40 g/ fed applied after 90 days from planting.

At the second sampling date, Mn at 20 g/ fed applied at planting
recorded the highest leaves number, being 30.85, whereas at the third
sampling date Mn at 40 g/ fed applied after 90 days recorded the
maximum number of leaves/ plant averaging 27.15.

The present results may be due to the presence of adequate
amounts of available Mn in the experimental soil.
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These results are not in agreement with those reported by Morsy
and Taha (1986) and Bertic ef al., (1987) who found that Mn
application increased leaf number and fresh weight of tops of sugar

beet.
2- Leaf area index (LAI) :

Results ' Table (8) indicated that neither Mn level nor
apphcation  date significantly influenced [ A] throughout the three
sampling dates.  No any - specific  trend could be detected from the
results for the effeet of this element on LAl The Interaction between
Mn level and date of application significantly affected LAI at the first

sampling date.

The results showed that the highest value of LAI at the first

sample was 7.06 which was obtained by Mn applied at sowing at a rate
of 40 g/ fed.

The results here did not comcide with those obtained by
Chemova (1974), Morsy and Taha (1986) and Mohamed (1993) who
found that leaf growth characters of sugar beet were favourably affected

by Mn application.
3- Top fresh weight :

Results presented in Table (8) indicated no significant effect for
Mn application level on top fresh weight. Also Mn apphcation date had
no significant effect on top growth weight.
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The only significant effect was the interaction effect between Mn
level and application date on top fresh weight at the third sampling date
(165 days from planting). At that age, the highest value of top fresh
weight was 49770 ¢ which was recorded by applying Mn after 90
days from planting at 40 g/ fed,

The results here are not coincided with those obtained by
Chernova (1974), Morsy and Taha (1986) and Bertic et al., (1974) who
found that Mn application increased sugar beet growth,

On the other hand, El-Sayed (1993) noticed that there was a
gradual decrease in root fresh weight/ plant due to increasing MnSo,

rate.
Aj- Root characteristics as affected by Manganese :

Results for the effects of Mn level and application date and their
interaction on root length, root diameter and root fresh weight of sugar
beet throughout the three sampling dates combined over 1993/ 94 and
1994/ 95 seasons are presented in Table ).

!- Root length :

Results in Table (9) showed that neither Mn level nor Mn
application date significantly affected  root length of sugar beet
throughout  the three sampling dates. No any marked differences were
observed in this trait due to the experimental factors. Also, the slight
differences observed showed no any specific trend for the effect of this

trace element on root length.
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Smularly. the effect of Mn level x application  date on root

fength through the three sampling dates was no significant,

In general it was observed  that the highest vatues of root length

! .
were 2218 ¢m at the  first sampling date. 2350 cm at the second
sampling date. and 29 23 ¢m at the third sampling date. which were
recorded by 20 g Mn/ fed apphed at 105 . 90 and 1035 davs from

planting, respectively.

It could be concluded that Mn application had no apparent effcct
on root length probably due to the presence of this microelement in

available amounts in the expernimental soil.

The present results are not in accordance with' those reported by
Farley and Drayeott (1973), Chernova (1974). and Bertic ¢f ul.. (1988)
who found that Mn application favourably affected root growth of sugar

beet.
2- Root diameter ;

Results in Table (9) showed that Mn level. Mn application date
and their  interaction did not significantly  affect root diameter

throughout tne three sampling dates.

It was observed that no any marked differences could be detected
m root diameter due to the experimental treatments indicating no
apparent  role of this microelements on this trait under the conditions of

the experiment.
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In general, the highest values of root diameter were recorded
with Mn at 40 g/ fed applied  at planting at the first and second
sampling dates, whereas 40 g Mn/ fed applied at 105 days produced the
maximmn - root diameter at the third sampling date. These highest
values were 7.50, 928 and 1062 cm, at the first, second, and third

sampling date, respectively.

[t could be concluded that root growth of sugar beet showed no

significant response (0 Mn application.

The present results did not coincide with those reported by other
investigators (Farley and Draycott, 1973; Chernova, 1974; and Bertic ¢f

al.. 1988) who reported positive effects of Mn on root growth.
3- Root fresh weight :

Data presented in Table (9) indicated no significant effects for
Mn  level, Mn application date and level x date interaction on root fresh
weight throughout the three sampling dates. Root fresh weight
followed the same pattern of response to Mn application as that

observed with root length and root diameter.

The differences in this trait had no any specific trend either for
the effect of Mn level or Mn application date. It seems that the
expermmental soil contained available amount of Mn that the plants of

the check treatment did not suffer from Mn deficiency.

The results  are not in agreement with those indicating posttive

effect of this microelements (Farly and Draycott, 1973; Chemnova, 1974
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and Bertic es a/, 1988) or those showing negative effect of high Mn

levels on root weight (El-Sayed, 1993).

As- Juice quality during the growth period as affected
by Manganese:

Results of the effects of Mn application on total soluble solids
(TSS), sucrose and purity percentages of sugar beet during the three
samphng dates (133, 150 and 165 days form planting) combined over

three sampling dates are presented in Table (10).
I- Total soluble solids percentage (I'SS %) :

Results in Table (10) showed that Mn application had a
significant effect on TSS % at the first sampling date (135 days from
planting).

Results showed that at this growth stage Mn applied at 40 g/ fed
increased TSS % by 0.21 and 0.80 compared with zero and 20 g/fed
levels, respectively. The difference between the lower and higher Mn
levels was significant. This encouraging effect of the higher Mn level
on TSS % at the second and third sampling dates was not observed in

spite of an apparent increase at the second sampling date.

Date of Mn application had no significant effect on TSS % at all
sampling  dates and all differences in this trait were far below the level

of significance.
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Also, the nteraction between Mn level and application date had
no significant effect on TSS % at all sampling dates, indicating that

each experimental tactor independently affected this character.

The positive effect of Mn application on TSS % was also
reported by Kibalenko ¢r af, (1977), Sroller (1978), Morsy and Taha
(1986) as well as FI- Saved (1993).

2- Sucrose percentage :

Results in Table (10) indicated no signtficant effect of Mn level
on sucrose “o during the three sampling dates. Some differences were

observed m this trait but without any specific trend.

| Concerning date of Mn application, results showed a significant
effect on sucrose % only at the first sampling date where Mn applied at
90 days significantly surpassed late application after 105 days. At the
second and third sampling dates, application date did not significantly

influence sucrose %.

The effect of the interaction between Mn level and Mn
application date significantly affected sucrose % at the third sampling
date. Results showed that the highest sucrose % was 14.55 % which

was recorded by applying Mn at 40 ¢/ fed after 105 days from planting.

The present results are in agreement with those reported by
Erjala  (1986) who found that sugar content was not affected by Mn

application.
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On the other hand, many investigators reported significant
Increase  in sucrose % in juice of sugar beet due to Mn application
(Tuchashvilt and Urtaev, 1971; Zolotov and Larvov, 1973; Sroller,
1978 Kalimeri and Pellumbi, 1982 as well as Morsy and Taha, 1986).

3- Purity percentage :

Results in Table (10) indicated that neither the expertmental
facturs nor their interaction had significant effect on purity % over the
three sampling periods. All differences observed in purity % were not
of any specific trend 10 show any apparent response of this trait to Mn

level or Mn application date,

It could be concluded that Mn application had no significant

cffeet on purity 4y of supar beet Juice at all growth periods.

The present results are not in general  agreement with those
obtained by Morsy and Taha (1986) and El-Sayed (1993} who found
that Mn application significantly increased quality characters of sugar

beet.
IV- Effect of Boron, Zinc and Manganese mixture :
Ar- Leaf characteristics as affected by B, Zn and Mn mixtures :

Results of the effects of B, Zn and Mn mixture on number of
leaves/ plant, leaf area index (LAI) and top fresh weight of sugar beet
combmed over 1993/ 94 and 1994/ 95 seasons are presented mn Table

(11).
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1- Number of leaves/ plant :

Results  showed that the level of microelements mixture did not
significantly affect number of leaves throughout the three sampling
dates. No any marked differences could be detected due to applying B,
Zn, and Mn mixture at both levels used when compared with the check
treatment at all sampling dates indicating that this character showed no

response to micronutrients application.

Date of applying B, Zn, Mn mixture significantly affected
number of leaves only at the third sampling date, where a significant
increase in leaves number was recorded due to the later application of
the mixture either at 90 or at 105 days from planting compared with
application at sowing. Application at 90 and ]05 days increased leaves
number by 10.49 and 13.72 % compared with application at sowing,
This trend was also observed at the first and second sampling dates

but the differences were below the level of significance.

The interaction between mixture level and application date was

not significant on leaves number at the three sampling dates.

The present results indicate that leaves number per plant is a
genetical  character which is rarely affected by environmental

conditions.

Results reported by Morsy and Taha (1986) (applying B + Mn),
Saif (1991) (applying Zn and B) and Mohamed ez al., (1993) (applying
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B, 7Zn and Mn) showed that sugar  beet growth was favourably

affected by nicroelements appheation.
2- Leaf arca index (LAL) ¢

The results in Table (11} indicated a significant reduction in LA
due 1o the application of the three micro elements nixture at the third
sampling date.  Applying B, Zn, Mn{at05+ 3+002)yand (1 +6+
0.04 kg/ fed) reduced LAI by 544 and 2854 % compared with the

check treatment.

This negative eftect of the higher level of the microelements
mixture on LAI was not observed at the first and second sampiing

dates.

Application date of nnere nutrients nixture had no marked cffect
on LALat the three sampling dates. Also, the interaction between level
and date of application of the mixture did not significantly aftect LAl at

all sampling dates.

It could be concluded that no clear response of LAl to the
micronutrients combination, even a negative effect’ was observed at

later stage of growth.

The present results are not in agreement with these obtained by
some investigators — who  reported favourable  effects on growth
characters due to single or mixed application of B, Zn and Mn (Morsy

and Taha, 1986: Saif. 1991 and Mohamed, 1993).
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3- Top fresh weight :

Results in Table (11) showed that applying a mixture of the three
micro nutrients (B, Zn and Mn) at two levels did not significantly affect
top fresh weght/ plant at the three sampling dates. The differences in
this character had no specific trend for a positive response of top fresh

weight to the micronutrients mixture, at all growth stages.

Concerming the apphcation date, results showed that at the {irst
sampling date carlier application either at planting or at 90 days from
planting was more clcctive  that  the later application at 105 days,
The results ndicated that the latest application date significantly
teduced  top fresh weight by 16.18 and 18.88 %, compared with

application after 90 days and at sowing, respectively.

This positive effect of earlier application of the mixture was not

observed at the second and third sampling dates.

The interaction effect between mixture level and application date
did not significantly affect top fresh weight of sugar beet at the three

sampling dates.

In conclusion, applying B, Zn, Mn mixture did not show clear
effect on top fresh weight of sugar beet. The results are not in
agreement with those reported by many investigators who found a good
response  of sugar beet growth to a mixed application of micro elements
(Rutskava ¢ «a/. 1981: Morsy and Taha, 1986: Saif, 1991 and
Mohamed, 1993).
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As- Root characteristics as affected by B, Zn and Mn

mixture :

Results of the effects of the application of B, Zn and Mn mixture
on root length. root diameter and root fresh weight of sugar beet
combined over 1993 94 and 1994/ 95 seasons are presented in Table

(125
I- Root length :

The results i Table (12) indicated no significant effect of
the micro nutrients mixture on root length. The three levels applied as
well as  dates of application of the micro nutrients mixture did not
nduce any apparent effeet on root length ilnuughnul the three sampling

dates

Also. the interaction between mixture level and apphcation date

¢

had no significant effect on root fength.

The results showed very slight mereases i root length due to
applying micro nutrients mixture at the three samphing dates. but the

differences were 100 slight to reach the significant level.

The present results are not in agreement with those reported
by Chernova (1974). Rutskaya ¢t al., (1981), Morsy:/ and Taha (1986),
Saif (1991). and Mohamed (1993) who found that a mixture of two
or three micro nutrients markedly increased root growth of sugar

bect.
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7. Root diameter :

The levels of the applied  micro nutrients mixture did not
significantly influence root diameter of sugar beet at all sampling dates

(Table 12).

Concerning application date, the results showed that at the third
sampling date, significant differences were observed in root diameter.
Applving  the micro nutrients mixture at 105 days surpassed the other
two earlier datesm their effect on root diameter. The results indicated
that applving the mixture at 105 days age increased root diameter in the
third sample by 9.10 and 5.74 %, compared with application at 90 days

age and at sowing, respectively.

The interaction between level of the mixture and date of
application had no significant effect on root diameter at the three
sampling dates. It was generally observed that highest values of root
diameter were recorded with the check treatment at the three sampling
dates being 7.70, 9.03 and 10.60 cmat 135,150 and 165 days from
planting, respectively. Such result indicates clearly that no any

response of this character to the applied micro nutrients.

Many investigators reported significant effects of micro elements
when applied singly of n combiﬁation on root growth of sugar beet
(Rosell and Ulrich, 1964; Chemova, 1974; Morsy and Taha, 1986; El-
Mashhadi, 1988; Saif, 1991 and Tariq et al., 1993).
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3- Root fresh weight :

Results in Table (12) indicated no significant effect of the level of
micro nutrients mixture on root fresh weight at the three sampling dates.
The differences in this trait were illdefined and showed no any clear

trend.

The date of application showed a significant effect on root fresh
weight at the first sampling date where application at 90 days
significantly surpassed the later application at 105 days by 33.00 % as
far as root fresh weight 1s concermed.  Also, application at sowing
increased root fresh weight by 26.77 % compared with late application

of micro nutrients mixture at 105 days.

This positive effect of an early application of micro elements

was not observed at the second and third sampling dates.

Concerning the interaction between level and application date of
the mixture. results showed a significant effect on root fresh weight at
the third sampling date. The results showed that micro nutrients
mixture was more effective when applied early at sowing where the
highest level of the mixture significantly increased root fresh weight
over the control by 13.37 %, On the other hand, the later application
of the higher mixture level showed no significant effect on root fresh

weight compared with the check treatment.
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In general, the highest value of root fresh weight at the third
sampling date was 899.1 g which was produced by applying 1.0 kg B
+ 6 kg Zn + 40 g Mn/ fed at sowing.

It could be concluded that root fresh weight showed higher

response to micro clements when applied early at planting.

The present results are not in general agreement with many
investigators who reported marked effects of micro element mixtures on
root weight of sugar beet (Morsy and Taha, 1986; Saif, 1991 and Tangq
et al., 1993).

Az~ Juice quality during the growth period as affected by

B, Zn and Mn mixture.

Results for the effect of applying B, Zn and Mn mixture on total
soluble solids (TSS %) sucrose and purity percentages of sugar beet

combined over 1993/ 94 and 1994/ 95 seasons are presented in Table

(13).
- Total soluble solids percentage (TSS %) :

Results in  Table (13) showed that neither levels of micro
nutrients mixture nor application dates had significant effect on TSS %
at the three sampling dates. Also, no significant effect was detected for
the interaction between levels and dates of micro nutrients mixture
application on TSS %. All differences in this trait were very slight and

far below the level of significance.
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It could be concluded that under the conditions of the
experiments TSS % of sugar beet juice at the three growth stages (135,
150 and 165 days form planting) showed no any response to the

combined application of B, Zn and Mn mixture.

The present results are not in agreement with those obtained by
Genaidy (1988) who found that B application decreased TSS % in
juice. On the other hand, Saif (1991) reported that B and Zn
application produced the highest values of TSS %.

2- Sucrose percentage :

The results i Table (13) showed that levels as well as dates of
the application of micro nutrients did not significantly affect sucrose %
at the three sampling dates. Also, level x date of micro nutrients
application sho»ifed no significant effect on this trait throughout the

three sampling dates.

The shight differences observed in this character were illdefined

and far below the level of significance.

The results are not in agreement with those reported by Voinava
(1965), El- Hady (1969), Omelchenko (1970), Radchenko (1970), El-
Kobbia er al, (1971), Schmdt et al., (1973), Singh and Gangwar
(1974), Saif (1991), El- Sayed (1993) and Tarnq et al., (1993) who
found that the micro nutrients in single or combined application

increased sucrose % of sugar beet juice.
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On the other hand, Voth et al., (1979) reported the B application

did not sigmficantly affect sugar content.

‘3- Purity percentage :

Neither levels nor dates of applying micro nutrients mixture had

significant effect on punity % at the three sampling dates.

The differences observed in purity % of sugar beet juice had no
any specific trend mdicating that purity % showed no response to the

studied treatments.

The results  here are not comctded with those obtained by El-
Mashhadi {1988). luhering and Finker (1973), Saif (1991), and Tariq
ef al, (1993) who found that application of micro nutrients raised
purity %o of sugar beet juice.

This result 1s expected since miceonutrients mixture did not

aftect TSS % as well as sucrose % as indicated i Table (13).

B- Juice Quality at Harvest
Juice Quality at Harvest as affected by B, Zn and Mn as single and
combined application :

Results for the effects of B, Zn and Mn either alone or mixed at

two levels and at different dates on juice quality at harvest combined

over 1993/ 94 and 1994/ 95 seasons are presented in Table (14).
B;- Total soluble solids percentage (TSS %) :

Results m Table (14) showed that B single application at the

higher level. 1c. | kg/ fed sigmficantly increased TSS % at harvest
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compared with the lower level (0.5 kg/ fed). The results in Table (14)
showed that B applied at 1 kg/ fed increased TSS % by 0.3 and 0.8 %

compared with zero, and 0.5 kg/ fed level, respectively.

All other elements either applied alone or in combination did not

significantly affect TSS %.

Date of application of all micro nutrients had no any marked
effects on TSS % of sugar beet juice at harvest. Also, the effect of the
interaction between nutrients level and application date showed no

significant effects on TSS %.

It could be concluded that B application at 1.0 kg/ fed showed
positive eftect on  TSS % in juice at harvest. Similar results for the
positive  effect of B on TSS % were also reported by Sroller (1978)
and Saif (1991).

On the other hand, Genaidy (1988) found that B application at 2
kg/ fed decreased TSS % in juice of sugar beet.

B,- Sucrose percentage :

Results in Table (14) showed that all micro nutrients at all levels
applied and at the three application dates had no significant effect on
sucrose % in sugar beet juiée at harvest. The results showed that
applying B, Zn, Mn and B + Zn + Mn at the lower level insignificantly
increased sucrose % by 0.5, 0.5, 0.1 and 0.9 % respectively, compared

with the check treatment.




T A

Also. B /n Mn oand  thew mixture at the highest fevel
.

instgmficantly merensed  sucrose %o at harvest by 1.60. | 50.1.30 and

200 % compared with the check treatment, rcspdcti\:’cl_\h These

increases N sucrose Mo Mojuice were, however,  below the level of

significance  probably due to the small number of replications available

for the juice quality measurements.

The interaction between microelement  levels and application
dates had mno significant effects on sucrose % in juice at harvest, for all

micronutrients as well as for their mixture. .

However, a clear trend was observed where the !1ig11e'st values of
sucrose % were recorded with all micronutrients when applied at the
higher level, namely | kg B, o kg Zn, 40 gMnand 1 kgB+6 kg Zn +
40 g M/ fed, when these levels were applied 105 days from planting.
The highest sucrose percentages were 17.7. 173,172 and 18.1 %,
recorded with the highest B, Zn. Mn and B+ 7Zn+ }\An, respectively

when applied at 105 days from planting.

The general trend of the results indicates that the higher micro
qutrients level combmed with the late application at 105 days had a
positive etfect. particularly when applied as a mixture for the three

elements on sucrose o of sugar beet juice at harvest.

The positive effects of the three micro nutrients on sucrose % in

sugar beet juice at harvest were reported by Voinova (1965), Bamberg*

(1966), Omelchenko (1970), Radchenko (1970), Yaremenko (1970),
Fi-Kobbia (1971}, Dolyva and Ostrovskit (1971), Schmids ef d¢f., {1973),
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Zolotov and Lavrov (1973), Singh and Gangwar (1974), Svindov
(1975), Todorcic and Faller (1977), Emelyanova (1978), Sapatyi
(1978), Morsy and Taha (1986), El- Mashhadi (1988) and Saif (1991)
with B application.

The positive effect of 7n on sucrose % was also reported by
Omelchenko and Shadrina (1974), Monakhova (1976), Zavrel (1978)
Shalavitskaya (1979), Fuhering and Finker (1973) as well as Saif
(1991).

Concerning Mn effect on sucrose %, Zolotov and Lavrov (1973),
as well as Morsy and Taha (1986) found that sucrose % in sugar beet

juice significantly increased due to the application of Mn.

Also, the positive effect of two or more of these micro nutrients
on sucrose % was also reported by many investigators (Omelchenko,
1970; Kibalenko et al., 1977; Vlasyuk et al., 1977, Kalimeri and
Pellumbi, 1982; Morsy and Taha, 1988; as well as Saif, 1991).

B;- Purity percentage :

Results in Table (14) indicated that micro nutrients increased
purity % of sugar beet juice at harvest. The increase in purity % due to
micro nutrients application reached the significant level with Mn where
the highest Mn level significantly increased purity % compared with the

check treatment and the lower level as well.

The results showed that applying B, Zn, Mn and B + Zn + Mn at
the lower levels (0.5 kg B,3kgZn, 20 g Mn, 0.5kgB+3kgZn+20¢g
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Mn/ fed, respectively) increased purity % by 4.2, 0.5, 1.2 and 4.0 %,

respectively.

Moreover, the higher level of micro nutrients (1 kg B, 6 kg Zn,
40 ¢ Mn and | kg B + 6 kg Zn+ 40 g Mi/ fed) increased purity %
compared with the check treatment by 6.12, 5.40, 6.50 and 9.0 %,
respectively. These considerable increases were only significant with

Mn application.

It could be concluded that the application of B, Zn and Mn and
their mixture favourably affected purity % particularly when these
elements were applied at the higher level. The greatest increases were

recorded with mixture apphcation.

The effect of application date of the mixed nutrients showed
significant effect on purity %. The later application at 105 days
significantly  surpassed the earlier application at planting in effecting
purity %.

Punity percentages were 67.50, 68.10 and 80. 90 %, when the
micro nutrients mixture was applied at sowing, 90 and 105 days,
respectively.

It 1s worth mentioning that with all single micro elements, the
later application increased . purity % compared with earlier
application, but the considerable differences in purity % were not

significant.
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C- Chemical constituents at harvest

Ci- N and K % in Sugar Beet Leaves and Roots as affected by
Single and Combined Application of B, Zn and Mn:

The results presented in Table (15) show the effects of the single

and combined application of B, Zn and Mn at two levels and at three

dates on N, and K contents in leaves and roots of sugar beet at harvest

combined over 1993/94 and 1994/ 95 season.

I1- Nitrogen content in leaves :

The results in Table (15) showed that N % in leaves was
significantly affected by applying a mixture of the three micro nutrients.
The results indicated a significant increase in N % in leaves due to
application of a mixture contaming 0.5kg B + 3 kg Zn + 20 g M/ fed

compared with the check treatment and the highest level as well.

All  other micro nutrients applied alone showed no significant
effect on N% in leaves when applied at two levels. Some slight
differences were observed in N % due to applying micro nutrients, but
without any specific trend, and the differences were below the

significant level.

Date of application of all nutrients did not significantly affect N
% in leaves . Also, no significant interaction between levels and dates

of micro nutrients application on N % in leaves.

It could be concluded that a mixture of the three micro elements

at the lower level induced an increase in N % in leaves.
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Results reported by Rosell and Ulrnich (1964) (applying Zn),
Voinova (1965) (applying B), Aizupiete (1986) (applying B),
Radchenko (1970) (applying B), Byasov (1972) (applying B), Chernova
(1974) (applying Mn), Mazurenko ef al., (1988) (applying B and Zn}),
as well as Morsy and Taha (1986) (applying B and Mn) showed that N

% in leaves increased due to application of micro nutrients.

On the other hand, negative effects on N % in leaves due to
micro nutrients application were reported by Tadorcic and Faller (1977)

(applying B) and Anikeev et al.. (1978) (applying B).

2- Nitrogen content in roots :

Results in Table (15) showed that all micro nutrients applied
singly or combined at both levels had no significant effect on N %
sugar beet roots at harvest. It 1s observed that no any increase in root

N content supplied with B, Zn, Mn or their mixture.

The only significant effect was for application date for Mn,
where application at 90 days from planting or at sowing significantly
surpassed the later application at 105 days age in affecting N % in
roots.  The effect of the mteraction between levels and dates of

application did not significantly influence N % in leaves.

It could be concluded that N % in roots showed no significant
response to micro nutrients . Results reported by Voinova (1965)
(applying B), Radchenko (1970) (applying B), Byasov (1972),
(applying B), Dolya and Ostrovskin (1971) (applying B), Stoyanov
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C1O71) capplymg By as welb as Morsy and Taha (1986) ( applying B -
Mn) indicated a significant imcrease inroot N %o due to applving micro

clements.

On the other hand. Tadorcic and Faller (1977). Amkeev et al
(1978) and  Nehvubova and Starovoitova (1980) showed  opposite
results where they found that B application decreased the N content in

sugar beet roots.

3- Potassium content in leaves @

{

Results in Table (15) showed that K % in leaves increased
significantly  due to the application of the highest Zn level compared

with the fower level.

Il was generally observed that with all micro nutrients as well as
therr muxture a considerable merease in K % i leaves of sugar beet at
harvest was observed when these nutrients were applied at the higher
level. The mercases were not significant pmbab!i\ due to the small

number of replications and to a high experimental error

Date  of application had no significant effect. However, slight
increase  was observed in K % in leaves due to the later application of

the mucro nutrients at 1035 davs age.

Level x date of micro nutrients application did not significantly
affect K %0 i leaves at harvest.  In general. the highest K % was

recorded with applyving the highest micro nutrients level at the latest
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i
apphcation  date. That was clear with B, Zn and B - Zn ¢ Mn

application. where K o was 440, 442 and 4.40 %o. respectively,

It could be concluded that micro nutrients favourably aflected N
o, in leaves. Results reported by Aizupicte (1968), L= Hady (1969),
Sroller (1978). Bonilla of «f . (1980). Mazurcnko ¢f o (1980) as well
as Morsy and Taha (1980) showed that micro nutnients such as 13. 7n

and Mn increased K %o m sugar beet leaves.

On the other hand Fl- Mashhadi (1988} reported that B
application did not significantly increase the otal uptake of B and K

sugar beet plant.

4- Potassium content in roots :

Results i Table (15) showed that micro nutrients application
induced some ncreases in K % in sugar beet roots at harvest. In
general.  most increases in K % were clear but, mostly below the level

of significance.

The only significant effect was for Zn when it was applied at the
higher level. This effect was also recorded in K % m sugar beet

leaves.

The general trend of  the results indicated also that the

application date did not significantly affect K % m roots.

The level x application date interaction had no significant effect

on K % in roots. However, the highest K % values were almost
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recorded  with the highest level combined with the latest date. K %
was 2.10. 240, 220 and 2 40 % for the highest levels of B, Zn. Mn

and their mixture, respectively when applied at 105 days age.

It could be concluded that a favourable effect was observed for
micro nutrients application on K % in sugar beet roots. The positive
effect of  micro elements on K uptake by sugar beet plants was also
reported by several mvestigators (Bontlla et al, 1980: as well as Morsy

and Taha, 19806).

Cy- B, Zn and Mn % in Sugar Beet Leaves and Roots as
affected by Single and Combined Application of B,
Zn and Mn :

The results for the effects of the application of B, Zn, Mn and
their mixture at two levels and three application dates on B, Zn and Mn
contents i sugar beet leaves and roots at harvest are presented in

Table (16).

1- B content in leaves :

The results in Table (16) showed that neither levels nor dates of
application  of the three micro nutrients and their mixture significantly

affected B concentration in sugar beet leaves.

It can be observed that very slight increases in B content in
leaves are found particularly when B or B + Zn + Mp were applied .

All differences 'in B content were very shight to reach the significant




89

SN S'N £t S'N §'N qxxiu |
S'N S'N S'N S'N §'N a |
S'N §'N S'N §'N S'N saanyxiiel
S'N L1'T S'N SN §'N (XUl
SN SN S§'N S'N S'N a
S'N SN S'N S'N S'N §'N UK ]
S'N S'N S'N SN S'N S'N g xuz
S'N SN 611 S'N S'N S§'N a
S'N S'N S'N S'N S'N 8'N uzZ
SN SN SN §'N SN S'N axd
S'N SN S'N S'N S'N S'N a
S'N S'N SN S'N S'N SN g
JUEIIJIUSLS JO [9A] S0°0 I¥ 'S
et T oz | owzz 1 002z | 0LT | O10F | OWKT | olez | 01st | 0091 | or'sU [ o€l | 0520 L oot | OWTT | 0007 | OFT1 § 05771 ) 00T os'zt | ones | 086 [ nswe | oTer UBI
0otz oxvi | orez | oz | 01 %t | 0rsc | 0TrE | ORTE | 08 K1 | 0561 | 06l | 0vzl | 0R6GT | 0V'Er | 05T | 05'LT | 0OF1 | 051 orel | orFl | 0LvE | 08Pe | 005t | OFFE | P/ pO0+9+]
paI/y
orrz | ower | ovzz | o1z | ownz | oeore | owez | oocz §oorst | erct | ossi | owty | 0Tz | osr | 0502 | 0562 | 00°FL | OFET | 001 oF'TI | 00'5¢ | O5PE { 00'9F | OFFE T0'0+E+5°0
wore T oove [ owzz [o0ce |07z | ONFT | E¥T | 058 | ORI | 0E€r | 0511 | 056 [ o9t | erd [ 09l | 00T | OK6 | 086 | OW6 OR'6 | OBIF | OFTC | 05°TF | OWOE 0
JuROLAXY AIMXFN
cTer ] ores T oo Torzr [ os6t | ocir | ozos | oowz | owzv | ovet | oegr [ os'ti | 0591 [oewl [ 0851 | 0891 | of'01 | 0803 | OT'O oco1L | ogac | ocoe | ooor | oliof [TCETTY]
oTer T o5t T o5z | 0577 | orve | 05s€ | 0xFe | 00FF | 0CFT | 0651 | 06T { osel | OWRD | 0002 ] 0591 | oK'6Y | 0611 | 00Tl 0801 | o0kt | o¥'If | os'lE | 00'TE | OBIE ._5&%
vtz T oost [ooct | ooz | oeic | oowe | oetr | 056 | ozt | 05Ty | ower [ oszi [ 0wl [ owo1 | 0wkt | 0581 | ob0¥ | 061 0501 | 05701 | neaf | os'of | o005 | 0567 pay/ 307 |
T ovtr | o537 1 ootz | 0562 | 0557 | 0567 | 0512 | 080T | 0811 | 080T | w6 | ovel { 00wt | o821 | 0571 ] o' | 088 | 906 056 | ocsT | o0'of | 00’67 | 0067 0
awLIadxy asuesduey
T ] oz rr T oror | owsl | 0992 | oiwt | 059z | 075z | oww1 | ovsT | 091 [ et | 0TET | oewT § ogeT | 007T | 0001 | 0FTE | 0v'e 0501 | 0s'eg | 060 | 0§°0F | 00°0¢ [TEETT]
e Toror T oscr | oot [ oo0c T owie | owoe | 0667 | oocl | oWkL | 0wl | 0e91 | 0UL7 [ 0568 | 047TC | DO'RT | 0TTL | OTF1 | 007 ocit { oc'ie | oFze | o0'ic | os'of P ayg |
weol | ovol | o0l b owst | 06sT | oxoz | oavEs | N D [ ofst | assE [ eeil | oayel oot woer | ooez | oeez | ora1 | 011 | o0t | 0501 | 080 | 0§°0€ § 00°1€ | 08°0F .—u%l
08’51 [LILFA sl e'rl oreT | At L8 i L2 ¥4 LU R ool [UIRE) R I np'el wWsl 00§t UEG 006 006 e 0¢'6T | 00°0f | 05'6Z | 08°RT 0
ywundxy dury
T orw [ 0691 10091 | 095z | 02z | 0ot ours | orcl | el | Gred [ o1 | 06vr [ 0ol | osrr [ ooeel | oKL | 08Tl ) 0All 0TIl | 05ef | OVPE | OFE€ | 08T uraA
e o Towm T over [ ooct | o | awiz | ower | woar | oot | aser | e | oeov [ asi | 009t | orsU ] oyl | 06PL | 05 | 05°€T | ORE | 00SE ) OTFE 00FT O3 | |
T T ooy Tonsr 105t [ ozoz | e | owot | uste | oFt | 0561 | 002t | owLE | 0TsT | ooct | o0l | 0S€l | 0«11 | 0028 | 05711 | 05711 et | orre | 0cFr | ower | PIy o9 S0 |
ot T owor Toror [ oost | ovez | wsz | oorz | o1z | owal | owt1 | owor | owe | ovel [oeer o5zt JosTr | os6 | o501 | 056 | 098 OLIE | 0STC | 0B'IE | 0%°OF 0

yaunadyy uolog

cinp [T ot sirp simp pr e siep siep ot siep sinp Tupuos iup sARp Tuos siup seep Bunwos [3A9] TR

UEILN 501 06 w uEIy S0t 06 " uagy 501 06 " wEsly $01 06 - asrpy ¥01 06 " Ll L ol 06 " pus up ‘uz'g
nep uopedddy aep uoneddy (@ aep uoneaddy (@) »ep uonunddy (@) a1ep noned|ddy (@ nep uonednjddy

(wdd upy) 100y (wedd upy) soaran (wdd uz) 100y {(wdd ‘uz) saredy (wdd gq) s1004 (wdd 'g) saaeoq AR RIAT )]

puE s3A83| 192q +edng jo (wdd) vonenUIIUI U U7’

(‘SUOSEJS S6/P661 PUE £6/E661 SUOSEIS SUIMOIS 0M) 19A0 PIUIGIIND) JSIAIEY JE $1001

¢ UO JINIXIJALA1AY) PUB ISFUESUE|N “JUrZ ‘U0LOg JO AEP uoneajdde pue spaAd[ Jo 13PA:(91) 3|qe L




-90 -

level. The effect of application date on B content inleaves had no
specific ~ trend and all differences due to application date are

negligible .

Similarly, the levels x application date effect on B concentration
in leaves was not significant. From the present results it could be
concluded that B application showed no marked effect on B
concentration 1n leaves. It 1sclear from Table (16) that the check
plants contained from 30.00 to 32.50 ppm B and the plants treated
with B contained from 33.40 to 34.50 ppm.

It was reported that the B concentration in sugar beet tops at
harvest was 40 ppm and the symptoms of B deficiency did not appear
when B concentration in the leaf was greater than 30 ppm, but
symptoms were found when the concentration fell below 20 ppm

(Draycott and Holhday, 1970).

Consequently, the experimental soil was fit to supply sugar beet

plants with their B requirements.

Results reported by El-Hady (1969), Voth (1978), Morsy and
Taha (1986) as well as Tariq et al., (1993) indicated that B application

to sugar beet markedly increased B content in leaves.

On the other hand, Krauze et al, (1986) and El-Mashhadi
(1988) showed that B application did not ensure an increase in B levels

in sugar beet plants.
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2- B content in roots :

Results m Table (16)  showed that micro nutrient levels,
application  dates and their interaction had no significant effects on B

content in sugar beet at harvest.

It was observed that very slight increases were found in B
content  particularly when B was applied alone or mixed with Zn and
Mn.  The results showed that roots of B treated plants contained from
11.70 to 14.10 ppm B compared with mean values form 9.50 and 9.80

ppm for the check plants

It could be concluded that B application slightly increased B

content in sugar beet roots.

Date of application did not significantly affect B content. The
differences among B concentration values due to application date

showed no specific trend.

The results obtained by Draycott and Holliday (1970) indicated
that B concentration in sugar beet roots at harvest was 15 ppm, and in
sugar beet leaves 40 ppm. The deficiency symptoms did not appear
when B concentration was grater than 30 ppm, but deficiency
symptoms  appear when the concentration fell below 20 ppm in

leaves.

Therefore, analysis of the check plants show clearly that the

experimental soil contained adequate level of available B.
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Results reported by Boawn and Viets (1956) indtcated that Zn
concentration ot deficient leaves was 8 ppm while it was 13 ppm n

healthv leaves.

Also, results reported by Rosell and Ulrich (1964) indicated that
the critical level of Zn m sugar beet tissues was 9 - 10 ppm when plants

were sampled after 6 weeks from planting.

Consequently, the Zn level in the experimental site was quite
satisfactory to supply the sugar beet plants with their needs of Zn since

the leaves of check plants contaimed more than the critical content.

4- Zn content in roots :

Results m Table (16) indicated that Zn apphed or mixed with 1
and Mna at both application levels insignificantly increased Zn content

in sugar beet roots at harvest.

The results revealed that Zn content in roots of sugar beet
treated plants ranged between 1520 and 18.80 ppm compared with
11.00 to 11.40 ppm for the check plants. These marked increases were

however, below the level of significance.

The application of Zn significantly affected Zn content in roots.
Application of the lower Znlevel (3 kg/fed) at 90 days age was more
effective on Zn content, whereas the higher Zn level (6 kg/ fed) was

equally effective when applied after 90 or 105 days.




The interaction between Mn level and Mn application date

significantly affected 7p content in roots. The highest Zn content was

15.30 ppm which was recorded with the higher Mn level applied either
at 90 or 105 days.

It could be concluded

that Zn content in sugar beet roots was
favourably

affected by the application of Zn ejther alone or mixed
with B and Mn.

The results reported by Boawn and Viets (1956) revealed that

Zn level of deficient leaves was 8 Ppm and in healthy leaves it was I3

ppm. Consequently. the plants in the present study contained adequate
Zn content,

The presént results are in general agreement with those reported
by Rutskaya et af. (1981).

S- Mn content jn leaves :

Results in Table (16) showed that neither micro nutrient levels

nor application dates significantly affected Mn content in sugar beet

leaves at harvest Also, the interaction level x date had no significant

effect on Mn content in feaves

application either in sigle or mixed application. The Mn content in

leaves ranged between 28.80 and 34.40 pPpm compared with 23 .20 -
23.50 for the plants of the check treatment.
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The results reported by Tsolova and Peneva (] 992) showed that
the  greatest amount of Mn in sugar beet plants was 188 g ha,
(equivalent to 7.9 g fed). The amount can be readily available in the

experimental soil.

6- Mn content in roots :

Results . m Table (16) showed that all experimental factors and
thetr interaction did not signtficantly affect Mn comcnt In sugar beet
roots at harvest. The results here followed  (he same pattern of
response as shown with Mn content in leaves, Insignificant increases
in Mn content in sugar beet roots followed the apphcation of Mn either

singly of mixed with B and Zn.

Roots of sugar  beet plants treated with Mn contamed 22 40-
2370 ppm Mn compared  with a range of 22.30- 22 90 ppm for the

check plants

Date of application of micro nutrients had no significant effect
on Mn content i roots.  Also, levels x dates of micro nutrients
application  did not sigmficantly  affect Mn content in roots.
Generally, 1t was observed that shght  increases' in Mn content
followed the later application of all nutrients and the increase in micro

nutnents level.

This  general trend could be detected from the results i Table
(16), where the highest values of Mn content in roots were 21.50,

2030, 25.00 and 24.80 ppm, which were recorded with the higher B,
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Zn. Mnand B + Zn + Mn level combined with the latest application at

105 days age.

It could be concluded that micro nutrients in general and Mn in
particular  nsigmificantly increased Mn content in sugar beet roots at

harvest.

The results obtained by Frjala (1986), Morsy and Taha (1986) as
well as Last and Bean (1990) showed that Mn application increased

M content in sugar beet tops and roots.

D- Yield Potentialities :

Root. Top and Sugar Yields of Sugar Beet as affected by Micro

Nutrients

Results for the effects of B, Zn, Mn and their mixture on root,
top and sugar vields of sugar beet combined over 1993/ 94 and 1994/

95 seasons are presented in Table (17).

D;- Root vield :

Results in Table (17) showed that micro nutrients applied at
three levels and at three different dates did not sigmificantly affect root
vield: However. msignificant increases were observed due to applying

B. Zn. Mn and their mixture particularly at the higher level.

Results showed that applving B, Zn, Mn and their mixture at the
lower  levels msignificantly increased root vield by 11.96, 14.05. 8.68

and [1.04 %. compared with untreated sugar beet, respectively.
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Applying B, Zn, Mn and their mixture at the higher levels ,
insignificantly increased root yield by 13.95, 11.21, 9.65 and 11.36 %,

respectively compared with the control.

Date of application showed slight and insignificant increases due
to delaying micro nutrients application. The application of B, Zn, Mn
and their mixture after 90 days insignificantly increased root yield by
2,18, 2.49, 2.79 and 122 % compared with application at SOWINg,

respectively.

Also, delaying the application of B, Zn, Mn and their mixture ull
105 days shghtly increased root yield by 3.74, 5.30, 341and2.75 %,

respectively compared with application at sowing,.

It could be concluded that soil application of micro elements
favourably affected root yield resulting in yield increases ranging
between $.68 and 14.05 % compared with check plants. Later

application 18 slightly better than early application at SowIng.

The interaction between jevels and dates of micro nutrients had
no significant effects on root yield. However, it was observed that the
highest yield was recorded by applying the higher level of the micro

elements when applied at 105 days.

The insignificant results here are mainly due to the small

number of replications.

The present results are mainly due to the effect of the applied

micro nutrients on the growth and yield component characters. Results
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reported by Stiles (1961), Shimilliar (1967), Omelchenko and Shadrina
(1974}, Krunic ¢t al.. (1980), Roshina (1976), Vlasyuk e al., (1974),
Smgh and Gangwar (1974), Kibalenko ¢f o/, (1977), Voth (1978),
Antoniv (1981). Morsy and Taha (1986), El- Mashhadi (1988) and Saif

(1991) showed that B application increased root yield.

The positive effect on Zn on root yield was reported by Fuhering
cf al . (1969). Zavrel (1978), Ljubic (1980), Lashkevich (1980), and
Saif (1991).

The root  vield response to Mn  application was'reported by
Byvasov  (1972). Tuchashavili and Urtaev (1971), Chernova (1974,
Viassuk 7 ol (1974) Farley and Draycott (1976), and El-Sayed
(1993).

The good effects of mixed application of micro nutrients were
also reported by several investigators (Zolotov and Lavrov, 1973;

Vlasyuk ¢f al., 1977; and Ljubic, 1980).

D,- Top vield :

The response of top yield to micro elements followed the same

pattern as that of root yield (Table 17).

Applymg B, Zn, Mn, and  their mixture at the lower level
msignificantly increased top yield by 21.13. 21 892536 and 21 13 % .,

compared with the control, respectively.
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Also. the application of the higher level of B, Zn, Mn and their
mixture induced increases of 42.25,27.03, 38.18 and 42.25 % over

the check treatment. respectively.

It was clear that the greatest increase was produced by applying
the higher level of B or the mixture. However, these marked increases
were below the sigmificant level due to the small number of
replications. Date of application had no significant effect on top yield.
However. some mcreases were  produced due to the latest date, 1.e.
105 days from planting.  Applying B, Zn, Mn and their mixture after
105 davs from planting insignificantly increased top yield by [2.35.
333, 6.02 and 834 °u respectively when compared with the control

reatment.

The interaction between levels and dates of micro nutrients
application had no significant effect on top yield. Although, the highest
top vields were obtamed by the highest micro elements levels combined
with the latest  application dates in all cases, being 10.60, 9.60, 9.90

and 10.30 tons/ fed, respectively for B, Zn, Mn, and their mixture.

It could be concluded that micro nutrients favourably affected
top vield of sugar beet, although this result was not statistically

ensured.

The results reported by Omelchenko and Shadrina (1974),
Tadorcic and Faller (1977) and Saif (1991) indicated significant

merease i top vield due to application of micro nutrients.
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3- Sugar vield :

The results - Table (17) revealed that considerable ncreases
i
were  observed due to the application of micro nutrients. although these

mcreases were below the tevel of significance. ﬂ

The response n!'sﬂg:n vield s identical with those ol root and top
yields.  Applyving the lower fevels of B, Zn, M and  their nuxtare (0.3
kg B, 3 kg Zn, 20 g M/ fed and their mixture) insigmlicanlly tncreased
sugar vield by 17.02, 14,89, 8 33 and 19.15 %, respectively compared

with the check treatment.

Also, the application of 1 kg B, 6 kg Zn, 40 g Mn/ fed and their

mixture msignificantly  raised sugar yicld by 25.53,21.28, 16.67 and
2553 Yo, respectively compared with untreated  plots. These marked

mcreases were below the significant level.

Date of application had no  sigmificant effect on sugar yield in
spite of some considerable mcreases i sugar vield due o the lote

apphication of the micro nutrients.

Delaving the application of B. Zn. Mn and their mixture from
planting date to 105 days later insignificantly increased sugar yicld by
9.80, 12.24. 12.24 and 9.62 %._ respectively. with B, Zn, Mn and their

mixture.

The interaction between levels and dates of micro nutrients
application had no sigmficant effect on sugar yield. Although. the

highest sugar vield was the resultant of the higher micro nutrients




SUMMARY

Effect of some micro nutrients on yield and quality of sugar

beet (Beta vulgary 1)

Field experiments were carried out in Sakha Agricultural
Research Station, Kafi El- Sheikh Governaorate. in 1993/ 94 and 1994
95 seasons to study the effect of B, Zn, Mn and their mixture on
growth, chemical content, juice quality and root and top‘ yields of sugar

beet (var. Ras-Ploy).

Each of'the four experiments included 9 treatments which were
the combination of 3 micro nutrient levels and three dates of

application.

The first experiment included the following B levels: zero. 0.5

and 1.0 kg B/ fed. as sodium borate

The second experiment included the following Zn levels: zero, 3

and 6 kg Zn/ fed. as zinc sulphate.

The third experiment included the following Mn levels - zero, 20

and 40 g/ fed, as manganese sulphate.

The fourth experiment included the mixture of the three nutrients

(B4 Zn + Mn) at the same levels mentioned before.
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Dates of application with all micro nutrients were : at planting,

after 95 days and after 105 days. Micro elements were applied only

once as soil application.

The results of the combined analysis of the study could be

summarized as tollows -

I- Effects of Micro nutrients During Growth Stages :

B application level did not significantly affect number of leaves/
plant, LAl and top fresh weight/ plant at 135 and 165 days from

planting.

Late application of B (at 90 or 105 days) significantly affected
LAl compared with application at planting. This effect was

observed in samples measured at 135 days age.

Top fresh weight at 105 days from planting was significantly
affected by B level x application date interaction. B at 1 kg/ fed

applied at 105 days produced the highest top fresh weight/ plant.

B apphlication at the three levels had no significant effect on root
length, root diameter and root fresh weight at 135, 150 and 165

davs from planting.

Date of B application significantly affected root length and root
fresh weivht (at 135 days age). where B applied at 90 days

positively affected these traits.
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6- Date of B application significantly affected TSS % (at 150 days
age). Late application of B showed positive effect on TSS %

compared with B applied at sowing.

7- B application at the 3 levels did not significantly influence TSS %,

sucrose %o and purity % at the ditferent growth periods.

8

/Zn negatively atfected number of leaves/ plant (at 150 days age)
where a reduction in leaves number was recorded due to applying

the highest Zn level (6 kg/ fed).

9

Zn application had no significant effects on LAI and top fresh

weight throughout the growing seasons.

10-  Late application of Zn (etther at 90 or 105 days) positively
atfected LAI (at 165 days from planting).

11- Zn applied at 3 kg/ fed significantly increased root diameter (at
135 days from planting). On the other hand, root length and root
fresh weight showed no response to Zn application throughout the

Zrowing season.

12- 7n  level x application date significantly affected root length (at

135 davs) and root fresh weight (at 165 days).

13- Early application of Zn positively affected root length (at 135

days) compared with later application.

14- 7Zn application reduced TSS % (at 165 days) compared with the

check treatment. On the other hand, sucrose % and purity % were
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not significantly affected by Zn level as well as Zn application

date

15- Mn application at different levels had no significant effect on
number of leaves. 1.Al and top fresh weight at all growth stages.
Also Mn application date did not significantly influence these

traits.

16- Mn level x Mn application date showed significant effect on [LAl

(at 135 davs) and top fresh weight/ plant (at 165 days).

17- Neither Mn level nor Mn application date had significant effect on
root length, root diameter and root fresh weight/ plant throughout

the growing scason

18- Mn application at 20 g/ fed reduced TSS % (at 135 days).
Sucrose %o as well as purity % were not affected by Mn

apphcation at all growth stages.

19- Mn level x Mn application date significantly affected sucrose %
(at 165 days). The highest sucrose % was 14.55 % recorded by

the latest application of the higher Mn level.

20- Applving a mixture of B + Zn + Mn at 1 -6+ 004 kg/ fed
reduced LAL (at 165 days) compared with the check treatment.
On the other hand, the nuxture of micro nutrients showed no any
effect on number of leaves and top fresh weight/ plant at all growth

stages.
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21- Late application of the micro nutrients mixture showed positive
effect on number of leaves/ plant (at 165 days age), but a negative
effect for late apphication was observed on top fresh weight (at 135

days).

22- Root length, root diameter and root fresh weight were not

significantly affected by micro nutrients mixture at all levels used.

23- Late application of the mixture showed better effect on root
drameter (at 165 days), but negatively affected root fresh weight

(at 135 davsy compared with carly application,

24- Neither level nor date of micronutrients mixture significantly
affected TSS “a. sucrose % and purity %o throughout the growing

Season.
1I- Effect of micro nutrients at harvest :

I- B apphication at 0.5 kg/ ted reduced TSS % at harvest, whereas Zn,

Mn and the mixture showed no significant effect on TSS % .

2-  All nucro nutrients had no sigmficant cffect on sucrose % at

harvest.

3- Mn application at 40 p/ fed signifrcantly raised purity % at harvest.

4- Late application of micro nutrients mixture favourably affected

purity % at harvest compared with early application.
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5- Zn application  particularly at the highest level significantly

increased K % in leaves and roots of sugar beet at harvest.

6- The micro nutrients mixture increased N % in leaves at harvest

when apphed at the lower level.

7. Leaves content of B, Zn and Mn was not significantly affected by

micro nutrients application.

8- Similarly root content of the three micro elements did not

significantly respond (o B, Zn and Mn application.

9- B application of the three micro elements at both levels did not
significantly  affect root, top and sugar vyield of sugar beet.
However, imsignificant increases were observed 1in root, top and
sugar vields due (o micro nutrients. Root yield was increased by
1395, 11.21.9.65 and 11.36 % due to applying the higher level of

B, Zn, Mn and their mixture, respectively.

10- Applying the higher levet of B, Zn, Mn and their mixture
insignificantly increased top yield by 42, 27, 38 and 42 %

compared with the check treatment, respectively.

11- Also sugar vield was insignificantly increased by 25, 21, 16 and

25 % respectivelv due to B, Zn, Mn and B + Zn + Mn application.

12- The late application of micro elements particularly at 105 days
from planting insignificantly increased yields of roots, tops and

sugar.




