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ABSTRACT: Eleven sugar beet genotypes were tested for their capacity to tolerate
drought. Plants were grown in semi-controlled conditions, in the greenhouse, and watered
daily. After 90 days, water deficit was imposed by the cessation of watering, while the con-
trol plants continued to be watered up to 80% of FWC. Five days later concentration of free
proline in leaves was determined. Analysis was done in three replications. Statistical
analysis was performed using STATISTICA 9.0, Minitab 15, and R2.11.1. Differences
between genotypes were statistically processed by Duncan test. Because of nonormality of
the data distribution and heterogeneity of variances in different groups, two types of trans-
formations of row data were applied. For this type of data more appropriate in eliminating
nonormality was Johnson transformation, as opposed to Box-Cox. Based on the both trans-
formations it may be concluded that in all genotypes except for 10, concentration of free

proline differs significantly between treatment (drought) and the control.
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INTRODUCTION

According to most authors, for the successful production of sugar beet to-
tal annual amount of precipitation should be around 600 mm (Spasié, 1989).
Approximately 10—20% of the total water requirements of sugar beet are co-
ming from reserves of water in the soil and the rest is provided by rainfall and
irrigation. The amount of evaporated water is 392 mm on average and ranges

from 198 mm in dry years to 542 mm in rainy years (Maksimovié
Dragovié, 2001).
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Lack of water has a very complex effect on physiological processes in
plants. Research on the physiological basis of drought tolerance in many cases
was the first step in the selection for tolerance to drought. It was found that
there is variability in responses to water stress in sugar beet (Sadeghian et
al.,, 2000, Ober and Luterbacher, 2002, Maksimovic¢ et al., 2004
and 2006, Percié et al., 2005, 2006, 2007) and in some putative structural
and morphological adaptive features of sugar beet to the lack of water (L u-
kovic¢ et al, 2009). If stress occurs during the early stages of growth and
development, it slows down the growth of roots, which can reduce yield by
46% (Noghabi and Williams, 2000).

The first effects of water stress are expressed in leaves, one of which is
accumulation of osmoregulation substances in sugar beet such as glycine be-
taine, proline, and fructans. This phenomenon is correlated with decreasing of
water potential of cells. It is not clear if plants, which in terms of lack of water
build up these substances, better tolerate the lack of water or not (Ghoulam et
al., 2002; Maksimovi¢ et al., 2004 and 2006; Percié et al., 2005).

When inhomogeneous results are obtained during the measurement of
certain parameters, it is difficult to draw reliable conclusions about the effect
of applied treatments without additional statistical analyses of row data. Such
example of statistical transformation of core values using Box-Cox and John-
son transformations will be shown in this paper. The effect of those transfor-
mations on the final conclusion on the effect of water deficiency on free pro-
line concentration in sugar beet leaves is discussed.

MATERIAL AND METHODS

Eleven sugar beet genotypes (1—11), pre-selected for their different abi-
lity to maintain turgor in the field, were grown in semi-controlled conditions
in the greenhouse. Substrate was a mixture of soil and sand, and plants were
watered daily. After 90 days, water deficit was imposed by the cessation of
watering, while the control plants continued to be watered up to 80% of FWC.
Five days later the concentration of free proline in leaves was determined
following the procedure of Bates (1973). Analyses were carried out in three
replications.

In order to examine distribution of experimental results basic statistical
exploratory methods box-whisker diagram and plot (Q-Q plot) were applied.
Box-whisker diagram was obtained on the base of median (M,) upper (Q,) and
lower quartiles (Q,) and interquartile range that is a measure of dispersion of
the central portion of a distribution (I, = Q; — Q,). This diagram is very useful
in establishing skewness of the distribution and presence of outlier and ex-
treme values. The outlier is defined as the value outside the range of (Q, — 1.5 -
Iy, Qs + 1.5 - 1), and the extreme value is the value outside the range of (Q, —
-3 15 Qy + 3 - Iy.

In the Q-Q plot, the observed values of the variable are ordered (x; < ...
< X,), and then these values (x;) are plotted against the inverse probability dis-
tribution function (theoretical quantiles). If the observed values fall on the re-
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gression line, then it can be concluded that the observed values follow the spe-
cified distribution. In our case, specified distribution is normal. The lack of
normality was established by means of exploratory analysis and several nor-
mality tests based on different approaches. Anderson-Darling and Lilliefors
tests are empirical density function (EDF) omnibus tests. Shapiro-Wilk test is
based on the squared correlation between the ordered sample values and the
(approximated) expected ordered quantiles from the standard normal distri-
bution. Jarque-Bera and D’ Agostino omnibus tests measure deviation of empi-
rical skewness and kurtosis from zero.

Applied transformations are preprocessing techniques used to stabilize va-
riance and make the data more normal distribution like. Parametric analysis of
transformed data is considered a better strategy than non-parametric analysis
because the former appears to be more powerful than the latter (Rasmus -
sen & Dunlap, 1991).

The Box-Cox transformation, introduced by statisticians George E. P.
Box and David Cox in 1964, is a family of a power transformations that might
be used to convert a general set of n observation observations into a set of n
independent observations from a normal distribution with constant variance.
The transformation involves a parameter A that can be estimated from the data
using the method of maximum likelihood:

X" -1

S, A20
Y={"

| InX, 20,

Special cases of Box-Cox transformation are log, square root and inverse
transformation. The Johnson system (Johnson, 1949) is a very flexible
system for describing statistical distributions as it includes four parameters. It
is defined by,

X — X1

z = v + 6 log[f(u)], with u=

and where function f( ) has four possible forms depending on original data dis-
tribution:

SL: f(u) = u for the log normal distribution,

SU: f(u) = u + ,/u’+1 for an unbounded distribution,
SB: f(u) = u/(1-u) for a bounded distribution,

SN: f(u) = for e* the normal distribution.

Three programs Statistica 9, Minitab 15 and R2.11.1 were used to per-
form statistical analysis.

Exploratory data analysis and normality tests were done by R2.11.1.
Johnson transformation was done by Minitab 15 program, and Box-Cox trans-
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formation and ANOVA and Duncan test using Statistica 9. Duncan test was
applied on original data, and on the both sets of transformed results.

RESULTS AND DISCUSSION

The concentration of free proline showed heterogeneity of variances in
genotype and treatment groups according to the tests of homogeneity of vari-
ances (Hartley, Cochran, Bartlett, Levene).

On the base of the histogram of row data (mg proline/g DW), it can be
concluded that distribution is highly skewed. Normal Q-Q plot and box-plot
show deviation from normality, as the right tail of the empirical distribution is
heavier than the right tail of normal distribution (first line of Fig. 1). Highly
significant deviation from normality was also confirmed by statistical tests
(Table 1).
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Fig. 1. — Histogram, normal Q-Q plot and box-whisker diagram for the original

and transformed data
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Tab. 1. — Results of normality tests applied on the raw and transformed data

. .. Box-Cox Johnson
Normality test Original data transformation transformation
Anderson-Darling 14.2153 0.8372 0.3697
p-value < 2.2e-16 0.02932 0.4164
Lilliefors (Kolmogorov-Smirnov) 0.3634 0.1349 0.0882
p-value < 2.2e-16 0.004512 0.2292
Shapiro-Wilk 0.4555 0.9689 0.976
p-value 3.444e-12 0.09585 0.2290
Jarque-Bera 374.3926 0.2723 1.2122
p-value < 2.2e-16 0.8727 0.5455
D’Agostino 68.0175 0.1243 1.5037
p-value 1.665e-15 0.9397 0.4715

In order to apply parametric analysis of variance and treatment compa-
rison, transformation of data was necessary.

The distribution of Box-Cox transformed data with maximum likelihood
estimate A = —0.321864, is much closer to normal distribution. It may be no-
ticed that its left tail is heavier comparing with normal distribution because of
presence of several outliers (second line of Fig. 2). The deviation from nor-
mality was confirmed by results of Anderson-Darling and Lilliefors test (Table
1). The transformation eliminated heterogeneity of variances in treatment groups
and decreased it in genotype groups.

The best Johnson transformation was SU type and transformation func-
tion equals

x —82.2085

f(w) =-0911+ 03754 sinhl(
151082

j, where sinh™ () = log @+ v1+u?).

The Johnson transformation was effective in eliminating nonormality and
variance stabilization (third line of Fig. 3, Tab. 1).

Data transformation did not affect the overall F test and F test for inter-
action genotype x treatment (imposed drought) but it affected pairwise compa-
risons (Fig. 2, 3, 4).

Figures were all made for a = 0.05, because the result was exactly the
same at o = 0.01. Graphical presentation of the sample mean values of free
proline in sugar beet leaves and corresponding 95% intervals suggest that in
the case of transformed data, there is greater number of significant compa-
risons.
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Genotype*treatment; Unweighted Means
Current effect: F(10, 44)=604.93, p=0,0000
Effective hypothesis decompaosition
Yertical bars denote 0,95 confidence intervals
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Fig. 2. — The result of analysis of variance for the concentration of free proline
in eleven genotypes of sugar beet — the row data
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Fig. 3. — The result of analysis of variance for the concentration of free proline

in eleven genotypes of sugar beet after Box-Cox transformation of row data
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Genotype*treatment; Unweighted Means
Current effect: F[10,44]=17.186, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Fig. 4. — The result of analysis of variance for the concentration of free proline
in eleven genotypes of sugar beet after Johnson transformation of row data
Tab. 2. — Results of Duncan’s test for free proline concentration in sugar beet leaves, row and

transformed data. “¢” stands for control, “d” for drought (water deficit in semi control conditions)

Duncan test
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The statistically significant pairwise comparisons based on post-hoc Dun-
can’s test, done on row and on transformed data, are presented in Table 2. The
results indicate that in all genotypes except 1, 9, 10 and 11 there was statisti-
cally significant differences in free proline concentration between treatment
(drought) and control if the analysis is done on the original data. In the case of
transformed data, the difference is significant in all genotypes except for 10. If
we consider all 231 comparisons presented in Table 2, the 123 comparisons
based on original data are significant. For transformed data, there is a greater
number of significant comparisons: 173 in the case of Box-Cox and 182 for
Johnson transformation.

CONCLUSIONS

The Box-Cox transformation is usually applied in biometrics to eliminate
deviation from normality and to stabilize variance. Although this transfor-
mation is easy to understand and apply, it often does not find a suitable so-
lution. The Johnson transformation, implemented in statistical software (Mini-
tab, R), may be a good alternative. In this research, results obtained with both,
transformations concerning comparison of free proline concentration between
treatment (drought) and control are consistent.
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Pesume

AHanusupaHa je TojiepaHTHOCT 11 reHoTumnosa 1iehepHe pere nmpema HeI0CTaTKy
Boze. bubke cy rajeHe y TOJYKOHTPOJMCAHUM YCIOBMMA, Y CTaKICHUKY, Ha CYIICTPATy
KOju je OMO MellaBMHa 3eMJb€ M IeCKa, Mpu 4eMy Cy OMJbKE CBAKOAHEBHO 3ajiMBaHE.
IMocne 90 mana, BogHU neUIIMT je M3a3BaH MPECTAHKOM 3aJMBamba, JOK Cy OWIbKe
KOHTpOJIHE rpylie U najbe 3anuBaHe, mo 80% I1BK. Iler mana kacHuje yTBpheHa je, y
TPpY TIOHAB/bakba, KOHIIEHTpallMja CJI00OMAHOT TposiMHa y JjucTtoBuMa. CTaTUCTHMYKA
aHaju3a je u3BplleHa KopuuiheweM mporpama Statistica 9.0, Minitab 15 u R2.11.1.
300r BeJauKe BapujaOUITHOCTU IOATAKA U OACTYMara Ol HOPMAJIHE pacrnojese aHaIu-
3MpaH je yTUIA] Pa3IuyuTHUX TpaHcdopMmalMja eKCIIepMMEHTATHMX IOoJaTaka Ha KO-
HauaH 3ak/byvyak. Pasnuke msmehy apuTtmMeTnukux cpeauHa ropeljeHe cy NMPUMEHOM
JankaHoBor Tecta. Ha ocHOBy 00e mpuMemeHe TpaHcdopMalivje MOXKe Ce 3aK/by4YUTHU
Jla ce KO/ CBMX T€HOTHMIIOBa, M3y3eB reHoTtuna 10, KOHIIEHTpalMja CJIOOOIHOT TPOJIH-
Ha Yy JIMCTOBMMA 3HayajHO pa3iukyje uamely Owbaka M3J0KEHUX CYLUIU WM KOHTpOJIE.
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