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ABSTRACT

Two field experiments were designed in a strip- plot with four replications were conducted in the Farm of Tag El-Ezz
Research Station (latitude of 30.56° N and longitude of 31.35° E), Dakahlia Governorate during 2012/2013 and 2013/2014
seasons to study the effect of four plant spatial distributions and irrigation intervals on yield and quality of sugar beet preceded by
rice crop. The present work included twelve treatments represent the combinations between four plant distribution patterns (D;:
planting on one side of ridges of 50-cm, D,: planting on both sides of ridges of 50-cm width, Dj;: planting on both sides of beds
of 100-cm width and D,: planting three rows on beds of 150-cm width, with hill spacing of 20 cm in case of D; and D3 and D, as
well as 40 cm in case of D,) and three irrigation intervals [irrigation every 25 days (R;), 35 days (R,) and 45 days (R;)]. The
obtained results revealed that plant distribution patterns significantly influenced every studied traits in both seasons, except purity
% in the 1 season. The highest values of all studied characters resulted from D; while the maximum percentages of TSS,
sucrose and purity resulted from D, in both seasons. Applying D5 increased root yield by 21.7, 11.5 and 6.2 % t/fad in the 1*
season, corresponding to 18.2, 10.4 and 4.2% t/fad in the 2™ one as compared with D;, D, and D,, respectively. Irrigation
intervals had a significant effect on all studied characters except purity% in both seasons. The highest values of all studied
characters produced from R, treatment, while the highest values of TSS%, sucrose% and purity% were recorded by R;. Applying
R, increased root yield by 3.9 and 8.2% t/fad in the 1% season and 4.9 and 9.3% t/fad in the 2™ one compared with R1 and R3,
respectively. Planting on two sides of beds of 100-cm width and 20 cm between hills and irrigation every 35-days recorded the

highest productivity and quality of sugar beet under the environmental conditions of North Delta.

INTRODUCTION

Sugar beet (Beta vulgaris variety saccharifera L.)
is the second crop after sugarcane for sugar production
in Egypt, which suffer from a gap in sugar commodity
amounted to 700-900 thousand tons, imported every
year to face the rapid increase in our population. So,
Egyptian government expands sugar beet cultivation, as
a national target, in order to increase the total sugar
production in addition to its yield per unit area, using
the best agricultural practices such as plant spatial
distribution in fields and irrigation intervals.

The best distribution of sugar beet plants, grown
in hills, depends on the optimum space assigned for
individual plants, which decrease the intra competition
among plants, enabling their foliage to receive an
appropriate amount of solar radiation along with enough
water and nutrients, which ensure a maximum
photosynthesis rate, and consequently higher root fresh
weight. In this context, El-Khattib (1991) and El-Douby
et al. (2000) reported that ridge width plays a major role
in plant distribution and productivity of sugar beet
plants. It leads to optimum density for plants per unit
area, minimum intra competition of plants for solar
radiation utilized by sugar beet plants, and in turn high
in the conversion of light energy to chemical energy and
consequently high accumulation of dry matter. Farghaly
et al. (2003), Gadallah ef al. (2006), El-Bakary (20006),
Attia et al.(2007), Sarhan et al. (2012) and Abdou and
Badawy (2014) mentioned that the optimum distribution
of sugar beet gave the highest return per unit area and
total income to the farmer. Brar e al. (2015) found that
better growth and higher yields of sugar beet can be
achieved by planting two rows/bed, i.e.12 plants/m’.
Al-Jbawi et al. (2016) clarified that the distribution of
25 cm (hill spacing) x 50 cm (row width) resulted in the
highest production traits, but to get a higher sucrose %,
it is recommended to grow the beet roots at spacing of
30 x 60 cm. Malik et al. (2016) reported that the
maximum sugar beet sugar yield/ha were recorded in

case of planting sugar beet on 30 x 90 cm spacing
paired row strips.

Soil moisture availability is the main limiting
factor for growing crops. Moisture stress affects plant
growth, In this regard, El-Khattib (1991) found that
water consumed by sugar beet to produce one ton of
sugar was about 1300 m3, while sugar cane plant needs
about 4000 m3 of water to produce the same quantity of
sucrose. Kaffka et al. (1997) showed that near the end
of growth stage, water stress have less impact on sugar
beet yield. Jaggard et al. (1998) reported that water
supply is the major factor affecting sugar beet growth
and yield. Abdollahian (1999) found that throughout the
early growing season of sugar beet, water deficit is the
chief reason of yield shortage. Kirda et al. (1999)
showed that during ripening stage of sugar beet,
withholding water caused of saving nearly 22% of water
without any significant reduction of yield. Moiller
(2001) found that suitable irrigation system increasing
yield. Zaid (2005) reported that increase soil organic
matter content conservation of water which sufficient
plants requirement for long time and slowing the release
of macro- and micro- nutrients. Gouranga and Singh
(2006) recorded that water irrigation is necessary to
fulfill the need of reclamation and save water
requirements of the different crops. Sohrabi and Heidari
(2008) found that irrigation withholding at 40 days
reduced root yield compare with 10, 20 and 30 day
before harvest, but increased total and white sugar
content. Selim et al. (2009) found that applying the
irrigation 5 weeks before harvest time gave the lowest
length of root, root fresh weight and the lowest yields of
root and sugar. On the other hand, it gave the highest
sucrose and purity percentages.

This investigation aimed to find out the best plant
distribution and irrigation interval to get the highest
yields of root and sugar and the best quality traits of
sugar beet under the ecological conditions of North
Delta.
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MATERIALS AND METHODS

Two successive experiments was carried out at
Tag El-Ezz Research Station (latitude of 30.56" N and
longitude of 31.35° E), Dakahlia Governorate, during
2012/2013 and 2013/2014 seasons to evaluate the effect
of plant spatial distribution and irrigation interval on
productivity and quality of sugar beet cv. Oscar poly as
the multi-germ cultivar. A strip-plot design with three
replications was used. Horizontal plots were randomly
occupied by the following plant distribution patterns:

D;: Planting on one side of ridges of 50-cm width and
20 cm between hills.

D,: Planting on both sides of ridges of 50-cm width and
40 cm between hills,

D;: Planting on both sides of beds of 100-cm width and
20 cm between hills.

D,: Planting three rows on beds of 150-cm width and 20
cm between hills.

In case of D,, D; and D, hills were sown in
reciprocal settings.

The vertical plots were devoted at random to the
following three irrigation intervals:

Ry: Irrigation every 25-day interval (7 irrigation).

Ry: Irrigation every 35-day interval (5 irrigation).

Rs: Irrigation every 45-day interval (4 irrigation).

Irrigation treatments were separated by ditches of
1.5 m width to prevent seepage of water among them.
Agricultural practices:

Calcium super phosphate (15.5 % P,0s) was
applied during soil preparation at the rate of 150 kg/fad.
Thereafter, soil was leveled and divided into the
experimental units of (21 m® = 1/200 fad), which
included (12 ridges of 50-cm width), (6 beds of 100-cm
width) and (4 beds of 150-cm width) and 3.5-m length.
Nitrogen fertilizer was applied in the form of urea (46.5
% N) in three equal doses before the 1%, 2" and 3"
irrigation. Potassium sulphate (48 % K,0O) was added at
the rate of 50 kg/fad before the 3" irrigation. Oscar poly
sugar beet variety was sown in 1* week of October in
both seasons. The preceding summer crop was rice in
both seasons. All cultural practices were performed as
recommended by Sugar Crops Research Institute.

Samples of soil were taken from 0-30 cm depth
from the two sites before soil preparation, which
analyses are given away in the following table.

Table 1. Mechanical and chemical analyses of the
experimental soil during the two growing
seasons.

Experiment site 2012/2013 2013/2014
Mechanical analysis

Sand% 14.60 16.40
Silt% 29.10 28.60
Clay% 56.30 55.00
Texture class Clayey Clayey
Chemical analysis

Organic matter % 1.96 2.04
Available N (ppm) 24.40 23.85
Available P (ppm) 10.50 11.30
Available K (ppm) 317 309
pH 7.7 7.9
EC (ds/cm) 2.9 34

* Classification of soil salinity according to United States .
1. EC =less than 1280 ppm (salinity free).

2. EC = 1280-2240 ppm (low salinity).

3. EC =2240-4160 ppm (medium salinity).

The studied characters:

At harvest, a sample of 5 sugar beet plants were
randomly collected from each plot to determine the
following traits:

1. Root fresh weight/plant (g)

2. Foliage fresh weight/plant (g)

3. Root length (cm).

4. Root diameter (cm).

5. Total soluble solids percentage (TSS%) was
measured in juice of fresh roots using “Hand
Refractometer”

6. Sucrose percentage was determined polarimetrically
in lead acetate extract of fresh macerated roots
according to the method of Le-Docte (1972).

7. Purity percentage was determined as a ratio between
sucrose % and TSS% of roots.

At harvest, sugar beet plants in each plot were
up-rooted, separated into roots and leaves and weighed
to estimate the following yields:

1. Root fresh yield (t/fad).

2. Top fresh weight (t/fad).

3. Sugar yield (t/fad) was calculated by multiplying root
yield by sucrose percentage.

Statistical analysis:

Data were statistically analyzed according to the
technique of analysis of variance for a strip-plot design by
means of “MSTAT-C' computer software package. The
LSD method was used to compare the differences among
means of treatment at 5% probability level (Gomez and
Gomez, 1984). The relationships among dependent and
independent variables throughout the calculation of simple
correlation coefficient were estimated by means of the
correlation coefficient (r) between each of dependent and
independent variable (Snedecor and Cochran, 1989).
Multiple regression analysis was done to calculate the
coefficient of determination (R?) and to estimate relative
contribution of independent variables for each dependent
variable and to get the prediction equations (Draper and
Smith, 1987). Stepwise multiple regression analysis was
done to determine the variables accounting for the majority
of the total variability independent character (Draper and
Smith, 1987). Dependent variables for root yield/fad (Y)
and the independent variables (X) are presented in Table 2.

Table 2. Independent variables related to root yield,

t/fad (Y) of sugar beet

Independent variables

- Root length (cm) X1
- Root diameter (cm) X2
- Foliage fresh weight/plant (kg) X3
- Root fresh weight/plant (kg) X4
- Top fresh weight (t/fad) X5
- Root fresh weight (t/fad) X6
- Sugar yield (t/fad) X7
- Total soluble solids percentage (TSS%). X8
- Sucrose percentage X9
- Purity percentage X10

RESULTS AND DISSCUTION

Effect of plant distribution:
Data in Tables 3, 4 and 5 showed that plant
distribution pattern exhibited a significant effect on
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every one of studied traits in both seasons, except
purity% in the 1* one.

Planting beet plants on both sides of beds of 100-
cm width with 20-cm spacing among hills (Ds) attained
the highest values in length of root, diameter and fresh
weight/plant as well as foliage weight/plant. The same
planting pattern (D3) resulted in the highest top, root and
sugar yields/fad. Root yield/fad increased markedly by
21.7, 11.5 and 6.2%, in the 1* season, corresponding to
18.2, 10.4 and 4.2%, in the 2nd one, when D; was used,
compared with D;, D, and D,, respectively. The

increment in root yield/fad associated with D; may be
due to that pattern ensured better conditions concerning
foliage light interception and decreased the intra-
specific competition between sugar beet plants for
growth factors, which positively contributed to higher
photosynthesis rate and hence higher values of root
length, diameter and fresh weight/plant, which
participated in increasing root yield/fad. These results
are in harmony with those reported by El-Bakary (2006)
and Abdou and Badawy (2014).

Table 3. Length and diameter of root, root and foliage fresh weight/plant of sugar beet as affected by plant
distribution, irrigation interval and their interactions

Characters Root length (cm) Root diameter (cm) Root fresh weight/plant (g) Foliage fresh weight/plant (g)
Seasons 2012/13 2013/14 2012/13  2012/13  2012/13 2012/13 2012/13 2013/14
Treatments
A. Plant distribution
D, 27.3 28.8 8.4 9.7 0.553 0.643 0.446 0.479
D, 29.2 31.5 9.0 10.3 0.597 0.670 0.482 0.502
D; 33.8 35.8 10.6 12.1 0.719 0.757 0.546 0.598
Dy 31.5 339 9.8 10.8 0.644 0.700 0.516 0.547
F-test * * * * % * * %
LSD at 5% 0.3 0.4 0.4 0.5 0.006 0.010 0.005 0.009
B. Irrigation intervals
R, 30.8 32.8 9.5 10. 0.628 0.690 0.498 0.527
R, 32.3 344 10.1 11.5 0.668 0.736 0.531 0.573
R3 28.3 30.4 8.8 9.8 0.590 0.651 0.463 0.494
F-test * * * * % k * %
LSD at 5% 0.4 0.4 0.2 0.7 0.007 0.007 0.005 0.005
AB * NS NS NS NS NS * *

D;: Planting on one side of ridges of 50-cm width and 20 cm among hills.

D,: Planting on both sides of ridges of 50-cm width and 40 cm among hills,

D;: Planting on both sides of beds of 100-cm width and 20 cm among hills. D,: Planting three rows on beds of 150-cm width and 20 cm among hills.

R;: Irrigation every 25-day intervals (7 irrigation).
R;: Irrigation every 45-day intervals (4 irrigation).

R;: Irrigation every 35-day intervals (5 irrigation).

Table 4. Top, root and sugar yields of sugar beet as affected by plant distribution and irrigation interval and

their interactions

Characters Top yield (t/fad) Root yield (t/fad) Sugar yield (t/fad)
Seasons 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14
Treatments
A. Plant distribution
D, 10.50 11.33 19.92 21.08 4.419 4.798
D, 12.50 13.50 21.75 22.58 4412 4.638
D; 14.25 16.25 24.25 24.92 4.543 4.843
Dy 12.91 14.08 22.83 23.92 4.348 4.754
F-test * * % * * *
LSD at 5% 0.33 0.34 0.35 0.39 9.267 12.199
B. Irrigation intervals
R, 12.31 13.81 2%.19 23.06 4413 4.716
R, 14.06 14.94 23.06 24.19 4.542 4.881
R; 11.25 12.63 21.31 22.13 4.396 4.679
F_ test * * % * % *
LSD at 5% 0.35 0.26 0.20 0.30 5.254 9.066
AB * NS * * NS NS

D;: Planting on one side of ridges of 50-cm width and 20 cm among hills. D,: Planting on both sides of ridges of 50-cm width and 40 cm among hills,
D;: Planting on both sides of beds of 100-cm width and 20 cm among hills. D4: Planting three rows on beds of 150-cm width and 20 cm among hills.

R;: Irrigation every 25-day intervals (7 irrigation).
R;: Irrigation every 45-day intervals (4 irrigation).

Total soluble solids (TSS), sucrose and purity
percentages recorded the highest values when sugar beet
plants were sown on one side of ridges of 50-cm width
with hill spacing of 20 cm (D;) compared with D,, D;
and D,. These results may be due to the decrease in root
weight and diameter, low tissue water content, non-
sucrose substances such as proteins and alpha-amino
nitrogen, and hence increasing total soluble solid,
sucrose and purity percentage, determined as per cents
in the fresh samples. Similar results were obtained by
El-Douby et al. (2000), Leilah et al (2005), Sarhan et
al. (2012) and Seadh (2012).
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R;: Irrigation every 35-day intervals (5 irrigation).

Irrigation intervals effect:

Irrigation intervals had a significant effect on all
studied characters in both seasons, except purity in the
1* season as shown in Tables 3, 4 and 5. The lowest
values of foliage fresh weight/plant, root length and
diameter were observed when the irrigation interval was
prolonged to 45 days (R3). These results are probably
attributed to the negative effects of drought stress on the
biological metabolic processes, i.e. ionic and hormone
balance and water absorption, cell division and
elongation, photosynthetic pigments, which decreased
the translation and accumulation of assimilates from
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leaves to the roots (Leilah et al. (2005), Omar et al.
(2013). Root yield/fad increased by 3.9 and 8.2% t/fad
in the 1¥ season, corresponding to 4.9 and 9.3% t/fad in
the 2™ one, when sugar beets were irrigated every 35
days (R»), compared with those irrigated every 25 days
(Ry) and/or 45 days (Rj;), respectively.

The maximum percentages of TSS, sucrose and
purity were attained by irrigating sugar beets every 45
days. These results may be due to decrease water
content of the fresh tissues of roots, and hence
increasing total soluble solid, sucrose and purity
percentage, determined as per cents in the fresh
samples. Similar results were stated by El-Bakary
(2006), Sarhan et al (2012) and Seadh (2012).

Effect of the interaction:

The interaction between plant distribution and
irrigation intervals (A x B) had a significant effect on
root length and top yield/fad, in the 1% season and
foliage fresh weight/plant and root yield/fad, in both
seasons. The results in Table 6 and 7 clear that the
combination between D3 and R, resulted in the highest
values of the previously mentioned traits.

Table 5. Sugar beet quality traits as affected by plant
distribution, irrigation interval and their

interactions
Characters TSS% Sucrose% Purity%
Seasons 2012 2013 2012 2013 2012 2013
/13 /14 /13 /14 /13 /14
Treatments

A. Plant distribution
D, 248 259 209 22 86 85
D, 239 252 203 213 85 84
D; 22.8 240 193 203 84 84
Dy 21.9 232 19.1 19.1 85 83
F-test * * * * NS *
LSDat5% 0.3 0.3 0.3 0.4 - 0.02

B. Irrigation interval
R, 224 236 19.1 203 85 84
R, 23.1 247 198 20.5 85 83
R; 246 254 208 21.2 85 86
F-test * * * * NS *
LSDat5% 05 04 0.3 0.6 - 0.02
AB NS NS NS NS NS NS

D;: Planting on one side of ridges of 50-cm width and 20 cm among hills.
D,: Planting on both sides of ridges of 50-cm width and 40 cm among hills.
D;: Planting on both sides of beds of 100-cm width and 20 cm among hills.
D,: Planting three rows on beds of 150-cm width and 20 cm among hills.
R;: Irrigation every 25-day intervals (7 irrigation).

R;: Irrigation every 35-day intervals (5 irrigation).

R;: Irrigation every 45-day intervals (4 irrigation).

Table 6. Root length and foliage fresh weight/plant as affected by the interaction between plant distribution

and irrigation interval

Character Root length (cm) Foliage fresh weight/plant (g)

Season 2012/2013 2012/2013 2013/2014
Treatment D] Dz D3 D4 D] Dz D3 D4 D] Dz D3 D4
R, 27.8 295 343 31.8 0553 0598 0.715 0.645 0478 0.500 0.585 0.545
R, 29.0 31.5 350 335 0593 0.638 0.763 0.678 0.525 0.550 0.635 0.583
R; 253 265 323 293 0515 0555 0.680 0.610 0.435 0.455 0.573 0.513
F-test * * *

LSD at 5% 0.2 0.837 0.709

D;: Planting on one side of ridges of 50-cm width and 20 cm among hills. D;:

Ds: Planting on both sides of beds of 100-cm width and 20 cm among hills. D4:

R;: Irrigation every 25-day intervals (7 irrigation).
R;: Irrigation every 45-day intervals (4 irrigation).

Planting on both sides of ridges of 50-cm width and 40 cm among hills,
Planting three rows on beds of 150-cm width and 20 cm among hills.

R;: Irrigation every 35-day intervals (5 irrigation).

Table 7. Top and root yields (t/fad) as affected by the interaction between plant distribution and irrigation interval

Characters Top yvield (t/fad) Root yield (t/fad)

Seasons 2012/2013 2012/2013 2013/2014
Treatment D] D2 D3 D4 D] Dz D3 D4 D] Dz D3 D4
R, 10.50 1225 13.75 12.75 20.00 21.75 2425 22.75 21.00 2250 2450 24.25
R, 11.50 14.00 16.30 14.50 20.50 22.75 2525 23.75 21.75 23.50 26.50 25.00
R; 09.50 11.30 . 12.80 11.50 19.25 20.75 . 23.25 22.00 20.50 21.75 . 23.75 22.50
F-test

LSD at 5% 0.22 0.19 0.26

D;: Planting on one side of ridges of 50-cm width and 20 cm among hills. D,:
D;: Planting on both sides of beds of 100-cm width and 20 cm among hills. Dy:
R;: Irrigation every 25-day intervals (7 irrigation).
R;: Irrigation every 45-day intervals (4 irrigation).
The relationship between its
attributing variables:

The relationships between root yield and its
attributing  variables were done. Three statistical
procedures, viz; simple correlation, multiple linear
regression and stepwise regression were used in this study.
1. Correlation coefficient:

The result of correlation coefficient (r) among
root yield/fad and each of its attributing variables in
Table 8 show that root yield/fad was positively and
significantly associated with root length, root diameter,
foliage fresh weight/plant, root fresh weight/plant and
top yield (t/fad). Sugar yield/fad was negatively and
significantly associated with TSS%. Also, there were

root yield and
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Planting on both sides of ridges of 50-cm width and 40 cm among hills,
Planting three rows on beds of 150-cm width and 20 cm among hills.

R;: Irrigation every 35-day intervals (5 irrigation).

associated with correlation among all characters that
were studied and each of other as previously mentioned.
2. Multiple regression:

Results of multiple regression analysis recorded
in Table 9, cleared that the relative contribution (R?) for
all variables in the total variation of root yield was
91.67%. On the other hand, the residual value was
8.33% which indicates that the most characters were
included in this study.

3. Stepwise regression analysis:

Data in Table 9 show that four variables out of
the eleven were accepted as significantly contributing
variables to the variation in root yield. These accepted
variables were root yield/plant, top yield (t/fad), flag
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leaf area, sugar yield (t/fad) and sucrose % with R’
being 6.36%, 85.80, 0.29 and 6.29% according stepwise
analysis, respectively. The results indicated that
stepwise analysis develops a sequence of multiple
regression equation by removing 6 from the full model
equation with relative contribution of 0.97%. In
conclusion, it can be stated that root yield/p, top yield
(t/fad), sugar yield (t/fad) and sucrose% were the most

important characters, Since did not have only highly
significant positively associated with root yield/fad, but
also had highly relative contributing towards root
yield/fad in the prediction equation. Therefore,
maximum effort should be given to these characters for
the improvement of sugar beet yield by selection
through breeding programs.

Table 8. Simple correlation coefficient among sugar beet characters (average of the two seasons)

Character X] Xz X3 4 X5 X6 X7 Xs X9 X]()
X1- Length of root (cm)

X2- Diameter of root (cm) .868*

X3- Fresh weight of foliage /plant (g) .982* .864*

X4- Fresh weight of root /plant (g) .980* .980* .984*

X5-Top yieldg(t/fad) 961* 847* 963* .962%*

X6- Root yield (t/fad) 967*  855* .956*% .962* -.252ns

X7- Sugar yield (t/fad) 585% 775%  578*%  .602* .039ns .595*

X8- TSS% -.678* -322% -675*% -.643* 378*% -672*% -.672*

X9- Sucrose % -697% -372*% -685 .668* .304* -.680* .702* .120ns .

X10- Purity% .022* -.104ns .039ns .00Ins -.205ns .043ns .015ns .075ns -.273ns 0.07

Table 9. Multiple and stepwise regression analyses for root yield t/fad (Y) as affected by all studied characters

of sugar beet

Prediction equation according to multiple regression

Y=a+bx1+bx2+bx3+bx4+bx5+bx6+bx7+bx8+bx9

Y =23.51 - 0.0803 x1+0.0160 x2+ 3.50 x3+ 0.85 x4+ 1.59 x5 + 0.0230 x6 + 0.04861x7- 0.118x8 - 0.964x9.

Relative contribution (R?) for all variables according to full model regression 99.71%
Prediction equation according to stepwise

Y=a+ bx5 + bx6+ bx9 + bx10

Y=20.241 + 1.255x5 +0.0498 x6+0.04764 x9-1.0688 x10

Relative contribution (R”) for each of accepted variables according to stepwise regression

X4 root yield/p. 6.36%
X6 top yield/flz;d 85.80%
X9 sugar yield/fad 0.29%
X10 sucrose% 6.29%
The total relative contributign (R?) for all accepted variables according to stepwise regression 98.74
The relative contribution (R?) for all removed variables according to stepwise regression 0.97
The relative contribution (R”) for residual variables according to stepwise regression 0.29
Total effect (accepted, removed and residual) 100%
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