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ABSTRACT

Two field experiments were carried out during the two successive seasons of
2001/2002 and 2002/2003 at the Experimental Farm of Sakha Agric. Res. Station at
Kafr El-Sheikh Governorate. The parpose was to attain the suitable formula of
fertilizer to produce the highest yield and guality. Simple correlation multiple linear
regression, stepwise regression, factor analysis and genotypic variability were done.

Data showed that application of 100 kg N + 30kg P20s + 24 kg K;Offed.
significantly increased root length and diameter, dry matter accumulation/plant and
root/top ratio at harvest time as well as root, top and sugar yieldsffed. of sugar beet
piants. On the other hand, increasing NPK-fertiiizer levels significantly decreased juice
quality in terms of TSS, sucrose and juice purity percentages. Application of 60 kg N +
10 kg P20s + 12 kg K>Offed. gave the highest vaiues of the aforementioned traits.

Application of micronutrients three times {at 55, 70 and 85 day after sowing
“DAS") produced the highest values of root dimensions, dry matter accumuiation/plant
at harvest time as well as root, top and sugar yields/fed.

Highly significant correlation coefficients were found between sugar yield (ton/
fed) and root yield {ton/ fed) with all characters .

Root length, root diameter, root fresh weight/ plant, dry mater, root/ top ratio,
root yield, top yield, TSS%, sugar percentage and purity are the most prominent on
sugar yield variation with R® value being 99.37 %.

Stepwise regression analysis detected that root length, root vield/ fed, TSS%
and purity were the most important variables affecting sugar yield {ton/ fed).

Factor analysis grouped ten yield contributing characters into three main
factors accounting for 88.313% of the total variability in the dependence structure.

It could be concluded that adding 100 kg N + 30 kg P2Cs + 24 kg K20 and
three times foliar spraying sugar beet plants with mixture of microelements couid be
recommended for optimum root and sugar yields per unit area.

INTRODUCTION

Sugar beet (Beta vulgaris L.) is the second important sugar crop in the
world. The Egyptian government encourages sugar beet growers to decrease
the gab between sugar production and consumption. The cost of fertilizers
constitutes a significant part of the expenditures required for commercial crop
production. Concerning the effect of NPK-fertilizer levels, El-Hennawy et al.
(1998) and Ei-geddawy et al. (2000) found that root dimensions (length and
diameter) were increased by increasing nitrogen levels, Sobh et al. (1992)
found that application of 24 kg K2C with 60 kg N+30 kg P.Os/fed. gave slight
increases in root and foliage yields by 0.73 and 0.80 t/fed., over application of
B0 kg N + 30 kg P;Os/fed. alone. However, Ghonema and Sarhan (1994)
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showed that the highest root and sugar yields/fed. were obtained by adding
75 kg N + 60 Kg P,Os + 48 K,O/fed. While Badawi ef al. (1995) conciuded
that addition of 75 Kg N + 15.5 Kg P;0s + 24 kg K,O/fed. was recommended
for raising sugar beet production. _

Most of the Egyptian soils suffered from microelements deficiency as a
result of the intensive cropping pattern, low organic matter content in soil and
alkaline conditions, which decreased the availability of many nutrients.
Hassanin and Abu-El-Dahab (1991) and Nemeat- Alla and El-Gedawy (2001)
demonstrated that mixed application of microelements gave the highest root
and sugar yields. Spraying sugar beet plants with solution of microelements
mixture markedly increased root, top and sugar yields (Mohamed, 1993 and
Nemeat-Alla, 1997).

Saif (1991) found that application of 0.5 kg B/ fed. or 4 kg. Zn./fed gave
the highest values of tops criteria i.e. leaves number, top fresh and dry weigit
per plant, fresh and dry weight of roots and root dimensions (root length and
root diameter). El-Sayed (1993) showed a positive response of TSS% as well
as sucrose % due to application of Mn. Osman (1997) found that root length,
root diameter and root fresh weight were not significantly affected by micro
nutrients mixture (B, Zn, and Mn.) at all levels used. He added that root yield
was increased by 13.95%, 11.21%, 9.65% and 11.36% due to applying the
higher level of B., Zn., Mn. And their mixture, respectively.

Many crop breeders have tumed to growth analysis to attain better
selection criteria. They have postulated the importance of selection for some
other morphological and chemical characters to achieve high yielding
potentiality through applying different statistical techniques like correlation,
regression analysis and path coefficient procedures. Factors analysis has
been used to identify patterns of yield, yield components and the
morphological characters in different crops (El-Shazly et a/,1992, Ashmawy
et al, 1998 and abd El-Aziz 1999). Also, the stepwise multiple linear
regression was used to determine a prediction model for yield.

El-Geddawy et.al, (2000) and Saif (2000) reported that stepwise
multiple linear regression was more efficient than the full model regression. It
is used to determine the best predictive equation for yield.

The measurements of phenotypic, genotypic and environmental
component of variance in sugar yield and other characters have been a
matter of great importance. Estimates of the genetic parameters in the
population have impacts in methods of practing selection, The genetic
advance from selection for a give trait is affected by the mean, the genetic
variance and heritability of this trait. The overcome the low heritability of yield,
plant breeder are trying to improve this complex trait indirectly by improving
the traits known to be associated with yield

The present work was conducted to find out the suitable formula for
sugar beet fertilization to attain the highest and the economical yield and
quality. Some statistical procedures were used to simple correlation was
computed for various characters as outlined by Steel and Torrie (1880).
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MATERIALS AND METHODS

Twao field experiments were carried out at Sakha Agricultural Research
Station, Agricultural Research Center, Egypt, during 2001/2002 and
2002/2003 seasons. The preceding crop was maize in the two seasons. The
chemical analysis of the experimental soil is presented in Table (1). The
studied fertilizer treatments were as follows:

Spraying treatments :

1- Spraying with distilled water.

2- Spraying with micronutrients mixture once after 55 days from sowing

3- Spraying with micronutrients mixture twice after 55 and 70 days from
sowing.

4- Spraying with micronutrients mixture three times after 55, 70 and 85 days
from sowing.

NPK formula treatments:

1- 60 N + 10 P;05 + 12 K,0 (kg/fed.).
2- 80N + 20 P;Os + 18 K;0 (kg/fed.).
3- 100 N + 30 P;0s + 24 K,0 (kg/fed.).

Table {1): Chemical analysis of the experimental soil (0-30 cm in depth)
(2001/2002 and 2002/2003 seasons).

season | FH EC Organic{ Zn [ Mo | Fe [Cu/Mn] B
1.2-5 l/mmbhas/cm |matter % M eqg/l

2001/2002| 8,1 3.44 1,80 [0.4310.22]0.70(0,52(1.90(0.39

|2002/2003} 8.0 3.29 184 10.39/024]|0.75(060[2.00(0.37

A split plot design with four replications was used, The main plots were
occupied by number of spraying for micronutrients mixture whereas the
fertilizer formula were allocated in the sub-plots.

Solution of micronutrients mixture included zinc sulphate, ammonium
molybdate, iron sulphate, manganes sulphate and boeric acid {(each at the rate
of 1.0 g/L.) in addition to copper sulphate (at the rate of 0.5 g/L.).

Each sub-plot has six ridges 55 ¢m apart and 7m long. Sowing took
place on 21* Oct. and 2" Nov. in both seasons, respectively.

Seed of multigerm cuitivar “top™ was sown in hills 20 cm apart. Plants
were thinned to one plant per hill after 40 days from sowing. Phosphorus
fertilizer in the form of calcium super-phosphate (15.5% P,0s) was added
during land preparation and potassium fertilizer in the form of potassium
sulphate (48% K,0) were added once at the 1™ dose of nitrogen which
applied in the form of ammonium nitrate (33.3% N) in two equal doses. The
first one was applied after thinning and the 2™ dose 25 days later. The other
cultural practices for growing sugar beet werz conducted as recommended.

At maturity (200 days from sowing), a sample of 10 plants was taken at
random to determine root dimensions and dry matter accumulation. TSS%
was determine by using hand Refractometer, sucrose percentage was
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determine according 10 Le Docte (1927) and juice purity percentage was
calculated according the following equation according to Silin and Silin
(1977).

Purity % = Sucrose %/T55%

The analysis of variance was carried out according to Gomez and
Gomez (1984). Treatment means were compared by Duncan’s Multiple
Range Test (Duncan, 1955). All statistical analfysis were performed using
analysis of variance technigue by means of “IRRISTAT" computer Software
package.

Simple correlation was computed for various characters as outlined by
Steel and Torrie (1980).

When it is needed both multiple linear regression as full model and
siepwise were used a cording to Draper and Smith (1966). Both calculate two
parameters, coefficient of determination (R ) and stander error of estimates
(SE%), to obtain accurately precise, R? should be near to one and SE%
should be near to zero. R? is the amount of variabifity due to all independent
variables. Whereas, SE % is a measurement of precision, i.e. closeness of
predicated and observed yield to each other. On the other hand, stepwise
multiple linear regression is used te remove multicolinearity between different
yield attributes and to screen independent factors to minimum that had the
highest partial correlation with yield Draper and Smith (1986).

Factor analysis method according to Catte (965). The method consists
of the reduction of a large number of correlated variables to a smaller number
of clusters of variables called factors. After the loading data of the first
factors, they were taken into account when the second factor was calculated.
The process was repeated on the residual matrix to find out further factors.
When the contribution of a factor to the total percentage of the trace was less
than 10%, the process stopped. After extraction, the matrix of factor loading
was submitted to a varimax orthogonal rotation, as applied by Kaiser (1958).
The effect of rotation is to accentuate the larger loading in each factor and
suppress the minor loading coefficient and in this way an improvement cf
opportunity for achieving a meaningfu! biological interpretation of each factor
could be realized. Thus, factor analysis indicates both grouping and
percentage contribution to total variation in the dependence structure. Since
the object was determine the way in which components, related to each
other, yield it was included in this structure.

Analysis of variance for each variable and covariance for each pair of
variables were performed for a randomized complete block design.

Genotypic and phenotypic coefficients of variance were calculated
according to Burton (1851) as follows:

Broad sense heritabilites (H) was calculated as follows :
= (Genotypic variance/ Phenotypic variance) x 100

The expected genetic advance under selection (G;) was calculated

from the following formula as suggested by Johnson ef al. (1955).

G; = K. x phenotypic standard deviation x H.

Where K is the selection differential in standard deviation units. In this
investigation, the value used for K is 2.06, which corresponds
to selecting the best 5%of the population.
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Phenotypic, genotypic and environmental cosrelation coefficients
between all possible combinations of characters were calculated from the
phenotypic, genotypic and environmental variance and covariance
compenents according to the procedure obtained by Johnson et al. (1955)
and Miller et al. (1958).

Selection for a given characters among the studying genotypes would
seem very effective, but these high estimates of heritability may be due to
both of the high genetic variability which occurred between these genctypes
and to the confounded effects of the environmental conditions.

The equation for computing hertability is:

H = [Genotype variance/(Genotypic variance + Error mean square/ No.
of replicates)] and since error mean square is low compared with Genotypic
variance and error mean square is further reduced by dividing it by number of
replication, the results will be a small addition to Genotypic variance and the
denominator of the equation wiil be almost equal to the numerator.

Consequently, the rate or percent will approach 100%. Even estimating
H from a series of experiments, the addition of the interaction variance to the
denominator will not affect the estimate considerably, Since the interaction
variance is low or negative,

RESULTS AND DISCUSSIONS

The resuits obtained will be divided into to parts:
|. Agronomical studies.

. Statistical studies.

I. Agronontical studies:

.A.1. Growth Characters :

Data in Table (2) showed that increasing the leve! of NPK-fertilizers
significantly increased root dimensions {length and diameter) at harvest in
both seasons. Application of 100 kg N + 30 kg P.0Os + 24 kg K,O/fed.
recorded the highest values of root length and diameter at harvest, while the
application of 60 kg N + 10 kg P,Os + 12 kg K,O gave the lowest one in the
two seasons. These results are in agreement with those of Hassanin and
Elayan (2000}, El-Geddawy et al. (2000) and Nemeat-Alla and El-Geddawy
{2001).

Root dimensions ({ength and diameter) increased by repeating foliar
spraying with micronutrients mixture. Application of micronutrients mixture
three times resulted in the highest vaiues of roots length and diameter in both
seasons (Table 2). These results are in line with those reported by Nemeat-
Alla (1897) and Nemeat-Alla and El-Beddawy (2001).

The interaction between the various fertilizer formula rates and
application time of microelements mixture had significant effect on root length
in the two seasons (Table 3). Beet plants sprayed three times with
micronutrients mixture under the application of 100 N 30 P,0s + 24 K,0
kg/fed. produced the highest root length. While beet plants of the control
treatment and application of 60 N + 10 P,O + 12 K;O Kg/fed. gave the lowest
root length.
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Table (2): Root length and root diameter as affected by NPK-fertilizer
level and application time of micronutrients (2001/2002 and

2002/2003 seasons).

[ Root length {cm) | Root diameter (cm) |
Factor Season |

01/2002 02/2003 | 01/2002 | 02/2003

N P K '

60 10 12 2244 ¢ 2497 ¢ 10.54 ¢ 10.13b

80 20 18 2455b 2647 b 11.15b 11.08 a

100 30 24 26.88 a 28.80 a 11.49 a 11.21 a
Number of spraying !
Without spraying 23.57d 2484d 10.30d 10.15d |

Once 2423 ¢ 26.25¢c 10.92 ¢ 1068 ¢

Twice 2532h 2743 b 11.35b 11.01h
Three 26.72 a 2847 a 11.68 a 11.38a |
Interaction * * NS NS |

Table (3): Root length as affected by the interaction between NPK-
fertilizer level and application time of micronutrients {2001/2002
and 2002/2003 seasons).

Number of spraying with g : 23 gg 13%0
micronutrients K 12 18 22
2001/2002 season
Without spraying 22701 2530e 26.53d
Once 25.20 e 2563 e 27.93 ¢
Twice 2545 e 26.83d 3000b
Three .26.53d 2813 ¢ 30.75 5
2002/2003 season
Without spraying 21.58 i 23.901g 25.23d
Once 23.10h 23.35gh 26.25¢
Twice 24 18 ef 2478 de 2700 b
Three 24.93d 26.18 ¢ 29.05 3

.LA.2. Dry matter accumuiation {g/plant) :

Data in Table (4) showed that dry matter of sugar beet plants was
significantly increased with increasing nitrogen, phosphorus and potassium
levels in both seasons. The highest dry matter was accumulated with the
application of 100 kg N + 30 kg P.Os + 24 kg K,O/fed. Each increment of
applied NPK resulted a significant increase in dry matter/plant. Such effect
might be due to the effect of NPK-fertilizer, which resulted in increasing
photorynthetic area which followed by more photosythetic production and
consequently increased dry matter accumulation/plant. These results are in
harmony with those obtained by Nemeat-Alla (1997), Hassanin and Elayan
(2000) and Badr (2004).
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Table (4): Dry matter accumulation (g/plant) and root/top ratio as
affected by NPK-fertilicer level and application time of
micronutrients (2001/2002 and 2002/2003 seasons).

| Dry matter (g/plant) | Root/top ratio
Factor Season
01/2002 02/2003 01/2002 | 02/2003
N P K
60 10 12 191.23 ¢ 190.83 ¢ 514 b 372¢
80 20 18 201,71 b 194.75 b 558 a 401h
100 30 24 214.393a 198.63 a 564 a 4.93 a
Number of spraying
Without spraying 198.35b 193.00d 5.72 4.36
Once 202.78 a 194.10 ¢ 5.48 4.29
Twice 203.79a 195.04 b 5.35 4.14
| Three 204.86 a 196.15 a 5.26 4.09
L Interaction NS NS NS NS

Repeating the foliar application of microelements mixture resulted in
significant differences in dry matter accumuiation/ptant. The highest values of
this tract were obtained when the plants sprayed three times compared with
other treatments (Table 4). Similar results were obtained by Mohamed
(1993), Nemeat-Alla (1997) and Nemeat-Alla and £|-Geddawy (2001).

There was no significant interaction between the two factors under
study on dry matter accumulation/plant in both seasons (Tabie 4).

I.A.3. Root/top ratio :

Data given in Table (4) reveal that application of NPK formula at the
rate of 100 kg N + 30 kg P05 + 24 K;O/fed. gave the highest rootftop ratio in
the two seasons. Results from the previous studies of Hassanin and Elayan
{2000) showed that root/ftop ratio increased by increasing N-fertilizer when
soil nitrogen was limited.

Application time of microelements failed to induce any significant effect
on root/top ratio in both seasons (Table 4), Repeating foliar application with
micronutrients tended to decrease top/roct ratio, but the difference did not
reach the level of significance (P> 0.05).

There was no significant interaction between NPK-fertilizer and number
of foliar application with microelements on root/top ratio in both seasons
(Table 4).

1.B. Top, root and sugar yields/fed.:
I.B.1. Top yield {t/fed.):

Data in Table (5) showed that lop yield of sugar beet plants was
significantly increased with increasing nitrogen, phosphorus and potassium
levels.

Each increment of applied NPK-ferilizer showed significant effect on
top yield/fed. in both seasons. The highest top yield was oblained from
applying 100 kg N + 30 kg P,Os + 24kg K,Offed. in the two seasons. Similar
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results were obtained by El-Hennawy ef a/. (1988) and Hassanin and Elayan
(2000). They found that increasing phosphorus and nitrogen rates gave the
highest top yieids/fed.

Foliar application with microelements mixture increased top yield in
both seasons (Table 5). Application of microelements mixture three times
gave the highest top yield/fed. The obtained results are in agreement with
those found by Nemeat-Alla (1997) and Nemat-Alla and El-Geddawy (2001)

The interaction between NPK-fertilizer level and application time of
microelements had a significant effect on top yield/fed. in both seasons
(Table €).

1.B.2. Root yield (t/fed.):

Root yield/fed. was significantly affected by nitrogen, phosphorus and
potassium level in both seasons (Table 5). Application of NPK-fertilizer at the
rate of 100 kg N+ 30 kg P,Os + 24 kg K;O recorded the highest root yield/fed.
(29.27 and 31.59 t/fed in the first and the second season, respectively). While
agplication of NPK-fertilizer at the rate of 60 kg N + 10 kg P,Os + 12 kgK-C
gave the lowsst values of root yield/fed. in both seasons. The present resuits
coincide with those obtained by El-Hennawy et al. (1998) and Nemeat-Alla
and Ei-Geddawy (2001) how found that increasing nitrogen leve! significantly
increased root yield.

Table {5): Root, top and sugar yi=lds/fed. as affected by NPK-fertilizer
level and application time of micronutrients (2001/2002 and
2002/2003 seasons).

Root yield Top yield Sugar yield |

Factor {ton/fed.) {ton/fed.) (ton/fed.) ‘

01/2002]02/2003 [ 01/2002[02/2003 | 01/2002 [ 02/2003

N P K i
60 10 | 12 [2345b12426c[10.31¢c| 9.73¢c | 3.48¢c | 3.30b !
80 [ 20 | 18 [2791a|2814b|11.00b|1041b| 3.71a | 3.36b ¢

100 | 30 | 24 128272 (31592112254 |11.30a| 3.79a | 4104

Number of spraying with micronutrients

Without f
spraying 2589¢|26.27d| 960¢ | 890d | 3.58¢c | 3.45¢
Once 26.40b | 27.78¢c|1066c| 969c | 360c | 361D |
Twice 2694b1(2855b(11.98b[1137b| 3.71b | 368b
Three 28.18a|2937a|1297a|1197a| 383a | 3.783
Interaction NS NS * * NS NS

Beet plants sprayed with mixture of microelements three times
recorded the highest root yield per feddan (28.18 and 29.37 tons/fed. in the
first and second season, respectively). Similar results were obtained by
Nemeat-Afla (1997) and Nemeat-Alla and E|-Geddawy (2001).

The interaction between NPK-fertilizer and application time of
micronutrients had no significant effect on root yield/fed. in the two seascns
(Table 5).
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I.B.3. Sugar yield (t/fed.):

The resuits in Table (5) show that sugar yield per feddan was
significantly affected by nitrogen, phosphorus and potassium level in both
seasons. The highest sugar yield was resulted from 100 kg N + 30kg P,Os +
24kg KoOffed. Similar resuits were obtained by El-Hennawy et al. (1998) and
Hassanin and Elayan (2000).

Table (6}: Top vield (t'fed) as affected by the interaction between NPK-

fertilizer fevel and application time of micronutrients
{2001/2002 and 2002/2003 seasons).
. N 60 30 100
Number of spraying
with micronutrients P 10 20 30
K 12 13 24
2001/2002 season
Without spraying 826h | 9.79g 1076 e
i Once 9.759 10.32f 1191¢
| Twice 11.14d 1183 ¢ 12.96 b
| Three 1217 ¢ 12.08 ¢ 13.53 a
2002/2003 season
Without spraying 7.79g 915f 976 e
Once 8.84f 963¢e 10.59d
Twice 10.86 d 11.26 ¢ 11.99b
Three 1144 ¢ 11.62 b 12.86 a

Sugar vyield was

increased by

repeating foliar spraying with

micronutrients mixture. These observations are in the line with those reported
by Nemeat-Alla (1997) and Nemeat-Alla and El-Geddawy (2001).

The interaction between the two factors under study appeared
insignificant effect on sugar yield/fed. in the two seasons (Table 5).

|.C. Quality parameters :
I.C.1. Total soluble solids percentage (TSS%):

Data in Table (7) showed that TSS% was significantly affected by
nitrogen, phosphorus and potassium level in both seasons. TSS% was
gradually decreased by increasing nitrogen, phosphorus and potassium
levels. Excessive addition of nitrogen, phosphorus and potassium reduced
TSS8%. Similar resuits were reported by Hassanin and Elayan (2000).

Foliar spraying of sugar beet piants with micronutrients mixture led to
decrease TSS% in root juice, but the difference did not reach the level of
significance in both seasons (Table 7). Similar results were obtained by
Nemeat-Alla and El-Geddawy (2001).

There was no significant interaction between NPR-fertilizer level and
number of foliar application with microelements in respect to TSS% in both
seasons (Table 7).

I.C.2, Sucrose percentage :
The data in Table (7) cleared that sucrose percentage was significantly
affected by NPK-fertilizer levels in the two seasons. Increasing NPK-fertilizer
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level significantly decreased sucrose percentage. The highest sucrose
percentage was obtained from application of 60 kg N + 10 kg P.Os + 12 kg
K;O per feddan in both seasons. Similar results were obtained by El-
Hannawy el al. (1998).

Table {7): Total soluble solids (TS$), sugar percentage and juice purity
as affected by NPK-fertilizer levei and zpplication time: of
micronutrients {2001/2002 and 2002/2003 seasons).

Sugar . .
Factor TSS% percentage Juice purity %
Season
01/2002 | 02/2003 101/2002 ] 02/2003 | 01/2002 | 02/2003
N P K
60 10 12 [1816a|1680a[14.85a (13.59a| 81.88 | B80.96
80 20 18 (16.49b | 16.31a 1331 b 12.97b, 81.40 | 8056
100 30 24 116.014 b/ 15.37b 2183 ¢ 1237 ¢ | 30.82 | 80.01
Number of spraying with micronutrients
Without spraying 17.01 16.33 | 18.86 1312 | 81.79 | 88.90
Once 16.93 16.12 | 13.76 1298 | 81.53 | 80.83
Twice 16.88 | 16.11 13.60 12.93 80.36
Three 16.78 | 16.08 | 13.57 12.87 | 80.90 | 80.12
Interaction NS NS NS NS NS NS

Foliar spraying of microelements midure revealed no significant
differences in sucrose percentage in both seasons (Table 7). Increasing
number of spraying with microelements decreased sucrose percentage in
beets at harvest, but the differences did not reach the level of significance.

The interaction between NPK-fertilizer ilevel and number of foliar
spraying with micronutrients had no significant effect on sucrose percentage
in the two seasons (Table 7).

L.C.3. Juice purity percentage :

The results in Table (7) showed that juice purity of sugar beet plants at
harvest was significantly decreased with increasing the level of NPK-fertilizer
in both seasons. Similar results were obtained by Nemeat-Alla and El-
Geddawy (2001).

Repeating foliar spray with micronutrients mixture decreased juice
purity percentage in sugar beet roots in both seasons (Table 7). Similar
results were obtained by Nemeat-Alla and El-Geddawy (2001).

There was no significant effect on juice purity percentage due to the
interaction between the two factors under study (Tabie 7).
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Table {8): Mean values standard deviation for ten sugar beet characters

. Standard
Variables Mean deviation
Root length (X1) 2585 2.28
Root diameter (X2) 10.93 0.76
Dry matter (X3) 199.84 13.24
Root/ top ratio (X4) 4.80 0.81
Root yield/ THed (X5) 27.76 3.37
Top yield/ T/fed (X6) 10.84 1.51
TSS Percentage (X8) 16.53 1.05
Sugar percentage(X9) 13.34 0.93
Purity (X10) 80.94 0.73
Sugar yield (X7) 3.68 0.34

Simple correlation coefficients:

Correlation coefficients for sugal yield and its attributes are shown in
Table (8). Results indicate positively and highly significant correlation
coefficients between sugar yield/ fed and each of root length (cm), root
diameter (cm), dry matter, roct/top ratio, root yield (ton/ fed) and top yietd
(tory fed). Purity was found to be highly significant and negatively correlated
with sugar yield. While T.5.8% and suqar percentage were found to be not
significant and negative correlated with sugar yield.

Highly significant positive comelation was found hetween root yield
{tonf{2d) and root length (cm), root diameter (cm), dry matter, root/ top ratio
and top yield ton/ fed. While T.8.8 %, sugar percentage and purity were
found to be highly significant and negatively correfated with root yield ton/ fed.
The previous resuits indicate that selection for these characters would
improve the productivity of sugar beet crop because of their nighly significant
correlation with yield. These results are similar to those reported by El-
Geddawy et.al (2000), and Saif (2000}.

Multiple linear regression analysis:

Multipte linear regression and stepwise analysis were estimated to
determine the most contributing factors to yield {Y). Multiple coefficient of
determination (R?) for full model i.e. the amount of y variability due to all
mdependent variables, was estimated for ali characters and was compared to
(R) of stepwise analysis Tables (10 and 11). The resuits of multiple linear
regression presented in Tables (10 and 11), shows the predication equation
for root yield and sugar yield are formulated as follows (model 1 and model
2):

The second model

[2] Y = -2.3813 - 0.0083X1* - 0.0044X2 + 0.0003X3 - 0.0045X4+
0.1337X5" -0.0026X6 + 0.0194X8 + 0.2383X9™*-
0.0118X10.
R’ =99.37 SE% =0.77
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Table {9): Simple correlation coefficients between sugar beet yield and its components (combined analysis

for both seasons of 2003 and 2004)

— _Vanable_ X1 X2 (9 X8 X6 4 I 4] X X7
Rool lengih Cm (X1} 100
ool diameler (X2} 0.64" 1.00
Dry maller (X3) 0,187 A1 1.00
ool fop ralio (X4)_ -0.11 0.22° 0.41% 1.00
Root yield/ Thed (X5)_ 08T 73" 043" 026" 1.00
op vield/ THed (X&) 0.67 83" (.45 0.22* 0.60° 1.00
“T5§ Parcentape (X8 -0.;3" 026" -0.19" (ﬁﬂ 2 -% T _8 18" 1_.§OF
Sugar percentage(Xs) -0.53 -0,34** .0.20°* 13 -0.64™ 021" 009" 1.00
[Purity (10} 084 -0.48™ 0.1 0.26% 070 -0.45" 052+ 062" — 100
Sugar vield (X7} 0.66% 0.65° 0.41* 0.42° 0.84 0.72* -0.05 012 047 1.00
* and ™" indicate significant at 0.05 and 0.01 levels of significance.

Table (10): Accepted and removed variables according to stepwise analysis and their relative contribution (R2)
in root yield variance in sugar beet, (model 1)

: “Full modeTl " f
Variable reqressuon Stepwise regression Prediclion equation
[ Accepied_ Remaved R SE% R “SE%
X1 X2+x3+x4+X6 81,03 543 §5.10 7.20 ¥=-2.9520+1 1888X1*

X1+ X4 KZ+X3+X6 77.25 584 Ya-11.3902+1.2445X1** +1.4536 X1
X1+X2+X4 X3+X6 7945 558 ¥=-14.0684+1 035)(1" +0 9264 X2**+1.1950%X4**
X1+X2+X3+X4 X8 8060 545 Ye-18.4481+1.0324X1 "+ 0.7522X2+0.321X3+1.0166%4""
R*%= coefficient of determination SE% = standard error

Table (11). Accepted and removed variables according to stepwise analysis an«l their relative contribution {R2) in

sugar yield variance in sugar beet, (model 2)
Variable “Full model Stepwise .
regression regression Prediction equation
Accepied “Removed R SE% SE%
X5 X1+ K2+ xa+xd+ X6+ Xa+Xg+X10 9937 | 077 | 70.81 | _5.05 | Y=1.309110.0855%5""
X5+ X8 X1+X2+x3+x4+ X6+ X3+ X10 08.56 1.13 } ¥=-3.1809+0.1229X5** + D.20B89X8"™
X1+X5+X8 X2+x3+xd+ X6+ X9+X10 O8.85 | .01 | Y=-3.0652-0.0137X1°" + 0,1306X5"+0.2009X8""
X1+ X5+X8+X10 | X2+x3+x4+XB+X9 G850 | 000 | Y=-d7306-0.0086X1°+ 0.1302X5""+0.207X8"" +D 0198X10~
R%%= coefficient of determination SE% = standard error
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The relative contribution (Rz) for yield factors explained that 81.03%
of total variation in root yield could be linearly related to variation in all
variables, and 18.97% could be due residual in {(model 1). While in the
secnnd model the relative contribution (R%) for yield factors explained that
99.37% of total variation in sugar yield could be linearly related to variation in
alt variatles, and 0.63% coulid be due residual.

The standard ermor was 543 % and 0.77% in models 1 and 2
respectively. In this analysis all variables added in predication equation, as
more variables made the interpreiation of association mere complex. On the
other hand, some variabies my contribute little to accuracy of prediction of
equation. In addition, given that the numbers of observations were much
greater than the number of potential x variabies unaer consideration, the
addition of a new variable will always increases R? but it will not necessary
increase the precision of the estimate of the response. This is because of the
residual sum of sguares reduction could be less than the original residual
mean square. If one degree of freedom was removed from the residual
degrees of freedom, the resulting of mean square may get large. At this point,
the stepwise multiple linear regression analysis was carried out to determine
the best variabies accounted for most of variance in yield
Stepwise regression analysis:

The stepwise muitiple regression analysis was used to determine the
best variables that mostly reduced the variance of yield. This was done by
introducing the variables in order of impeortance. Tables (8 and 9)
demonstrate the accepted and removed variables and reduction in yieid
variance caused by each variable. The accepted variables had in highest
coefficient of multiple determination with the yield adjusted for variabies
already added. Table (10) Show that the accepted variables were root length
(X1), root top ratio (X4), rcot diameter (X2) and dry matter (X3). Those
variabies were responsible for 65.10%, 77.25%, 79.45% and 80.60%,
respectively of root yield variance, with standard error equal to 7.20%, 5.84%,
5 58% and 5.45%, respectively.

As previously mentioned, the root length (X1) and root top ratio (X4)
were the most important variables in stepwise analysis in this model.

The first model:
[1] Y = -18.4481+1,0324X1**+0,7522 X2**+0.0321X3**+1.0166X4™™

The second mode! Table (10) the accepied variables were root

yield (X5), TSS% (X8), root length (X1) and purity (X10). Those variables
were responsible for 70.81%, 98.56%, 98.85% and 98.90% respectively of
sugar yield variance, with standard error equal 0 5.05%, 1.13%, 1.01%
and 0.99% respectively.

As previcusly mentioned the root yield (X5) and T.5.5% (X8) were the
maost important variables in stepwise analysis in this model 2.

The second mode!
[21Y = - 4.7306 - 0.0086X1* + 0.1302 X5** + 0.207X8* + 0.0198X10*

Factor analysis :
Resuits of factor analysis are shown in Tables (12 and 13). Factors
were constructed by applying the principal factor analysis approach to
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establish the dependent relationship between yield compenents in sugar
beet. Factor analysis grouped the studied ten characters into three main
factors. Factor greater than 0.50 were considered important the results
indicate that the three obtained factors explained 88.313% of total variation in
the dependent structure. Factor 1 accounted for 54.52% of the total variability
and incluced six variables, i.e. root length, root diameter, root yield, top yield,
sugar yield and purity. These variables had equal importance and high
communality with factor 1. !

Tab'e {12): The results of factor analysis for ten variables elated to

sugar beet

. Factors Communality |
Variable Factor1 | Factor2 | Factor 3 (h) ‘j
Root length Cm (X1) 0.871 - 0.526 0.187 1.07 |
Root diameter (X2} £.858 -0.315 -0.269 0.907 ‘!
Dry matter (X3) 0642 -0323 -0.722 1.04 l
Root/ top ratio (X4) 0.186 0136 - 0920 0.899 i
Root yield/ T/fed (X5} 0.500 -0.363 - 0.265 1.01 |
Top yield/ THed (X&) 0.882 -0.188 -0.279 0.911 ‘
Sugar yield (X7) 0.885 -0.126 ~ 0.431 0.984 |
TSS Percentage (X8) -0.298 0.988 -0.102 1.07 |
Sugar percentage(X9) -0.384 0.996 -0.133 1.16 F
Purity (X10) -0.712 - 1.623 - 0.393 1.04 \
Letent roots 5452 2.187 1.182 8.831 '

Factor variance ratio % 54.523 21.874 11.917 88.31

Factor 2 included two variables, which accounted for 21.87%of total
variance. These two variables were TSS% and sugar perecentage.

Factor 3 included two variables, which accounted for 11.82% of total
variance. These two variables were dry matter and root top ratio. The sign of
the loading indicates the direction of the relationship between the factor and
variable.

The resuits of the current study indicated that the estimated
communalties Table (13) were adequate for conclusion since both obtained
factors contributed 88.313 to the total variability of the dependent structure.

Factor 1 had high loading for the included variable Table (13). The
ccrrelation between these variabies and factor 1 is given by the suitable
factor loading. These results are on line with those reported by Abd El-Aziz ef
af (1999) and El-Geddawy et al. (2000)

The factor analysis approach is one that can be used successfully for
analysis of a farge amount of multivariate data and it should be applied more
frequently in the field of crop research. Interpretation of the meaning of the
factor isolated from a factor anaiysis could be a subjective procedure. The
greatest benefit of factor analysis can be delineating areas of future research
designed to test the validity of the suggested factors. Using factor analysis by
plant breeders has the potential of increasing the comprehension of causai
relationships of variables and can help to determine the nature and sequence
of traits to be selection in breeding programs.
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Table {13): Summary of factor loading for ten variables of sugar beet

Variable Loading % of total communality

Factor 1 54,523

Root length Cm (X1) 0

Root aiameter (X2}

Root yielc/ T/fec (X&)

Top yiele/ T/Hed (XE)

Sugar yield {X7)

; Purity (X10)

Factor 2 21.874

TSS Percentage (X8)

Sugar percentage(X9)

Factor 3 11.917

Dry matter (X3)

Root/ *op ratio (X4)

oo, O,

Cumuiative variance 88.313
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Genetic parameters:

Estimates of phenotypic, genotypic and environmental variance for
some characters in sugar beet cbtained from the analysis of variance are
presented in Table (14). Results showed similar phenotypic and genotypic
variances trend concerning the studied characters namely, root length, root
diameter, rot/ top ratio, root yield, top yield and sugar yield. The highest
values phenotypic and genotypic variance were 0.413 and 0.385 for root yield
in the first season. With regard to environmental effects, results in Table (15)
clear that sugar yield gave the lowest values of environmental variance
(0.007 and 0.008 in the first and second seasons, respectively),

Estimates of phenotypic coefficient of variation (P.C.V) genotypic
coefficient of variation (G.C.V), heritability (H%), genetic advance selection
(Gs) and advance is ranged from 2.06 for the second season in sugar yield
character to 5.25 in the first season in root/ top ratio characters, While genetic
advance under selection, (Gs), is ranged between 0.57 and 6.02 over two
seasons. In general, heritability estimates were high and comparable for
most of the studied characters.

Table (14): Estirﬁates of phenotypic, genotypic and environmental
variance for some sugar beet characters in two season’s

2003/2004.

Characters Season Prenotypie G:ﬁ:&":;: e ]
Root length gggi ggég 31223 8328
Roct diameter gggi gg:i gg}g g 1 j? g
Root/ top ratio gggi gggg gggg gg;g
Root yield gggi g::,;? g:??g 8:1 _} g
Top yield gggi gf)g? g: (1} 17 g g-.gig ‘
Sugar yield gggi gggg O%%‘«'JOSS ggg‘g
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Table: {15) Estimates of phenotypic coefficient of variation (P.C.V),
genotypic coefficient of variation (G.C.V), heritability (H%),
genetic advance under selection {Gs) and genetic advance (%)
of general mean (Gs%) for some sugar beet characters in two
season’s 2002/20032,

Characters |Season| P.CV | G.CV | H% Gs |(Gs%ofx!

2003 2.12 1.77 £9.53 | 75.85 3.03

2004 2.24 1.87 69.44 | 85.82 3.21

Root diameter 2003 1.89 1.11 34.09 | 1473 | 1.33

2004 1.94 1.06 29.45 | 1272 1.18

2003 1.42 1.55 9.21 5.25 0.97

2004 2.22 1.35 37.14 7.18 1.69

Root length

Root/ top ratio

2003 2.33 2.25 93.22 | 123.44 4.49

|
|
2003 3.16 3.04 92.43 | 67.45 6.02 ]
|
|

-
Root yield 2004 | 143 | 123 | 7320 | 6058 | 2.16
Top yieid 2004 | 272 | 252 | 8641 | 5086 | 5.75
Sugar yield 2003 | 1.90 | 1.54 | 6535 | 952 256

2004 1.37 0.62 20.00 2.06 0.57
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