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Abstract The study evaluated the content of photosynthetic pigments in the
leaves of the species Nandina domestica Thunb. (Holy bamboo) the 'Obsessed'
cultivar under the conditions of the autumn season. About 100 leaf samples were
taken randomly from mature plants in the third decade of October. From the
primary evaluation of the leaves, 10 categories of leaves (Lc) were selected
according to the color of the leaves (intense green to anthocyanin colored leaves).
Within each category, 5 leaves were analyzed and the chlorophyll content (Chl) and
carotenoid content (Car) was determined. Based on the recorded chlorophyll (Chl)
and carotenoid (Car) content values, the Chl:Car and Car:Chl ratios were
calculated for each category of leaves. The chlorophyll content varied between 8.40
— 52.0745.23 SPAD units, and the carotenoid content varied between 2.40 —
10.51+1.01 units. In the case of the calculated ratios, the recorded values varied
between 3.00 — 4.95+0.21 in the case of the Chl:Car ratio, respectively between
0.20 — 0.33+0.01 in the case of the Car:Chl ratio. The single factor ANOVA test
(Alpha=0.001) confirmed the statistical reliability of the data and the presence of the
variance in the set of recorded experimental data (F>F crit). The variation of
carotenoid content (Car) in relation to chlorophyll (Chl) was described by a
polynomial equation of degree 2, under conditions of R?=0.987, p<0.001, F=272.
PCA correlation, facilitated obtaining a distribution diagram of the Leaf categories
(Lcl to Lcl10) in relation to the determined photosynthetic pigments (Chl, Car) and
the calculated ratios (Chl:Car, Car:Chl). According to PCA, PC1 explained 86.388%
of variance, and PC2 explained 13.458% of variance. Cluster analysis facilitated
obtaining the dendrogram based on Euclidean distances, in which the leaf
categories (Lc) were associated based on similarity in relation to the evaluated
physiological indices (Chl and Car), in conditions of statistical safety (Coph. Corr. =
0.908). Two clusters (C1 and C2) with several sub-clusters each resulted. From the
analysis of the leaf categories (Lc) distribution in the dendrogram obtained and
based on the calculated SDI values, the highest level of similarity was observed
between Lc8 and Lc9 (SDI=0.6403), followed by Lc2 and Lc3 (SDI=0.8052).

Key words

Nandina domestica,
Holy bamboo,
ornamental plants,
photosynthetic
pigments, pigment
ratio

The leaves faithfully express the state of
vegetation of the plants [21; 3], and in the case of
ornamental plants and especially ornamental plants
through leaves, the leaves can have different shapes,
sizes and colors on the same plant, in relation to the
specifics of the genotype cultivated, ornamental quality
indices and vegetation conditions [35; 29].

Different parameters and foliar indices were
studied to evaluate the relationship of plants with
vegetation factors [28], growth substrates [22], with the
state of nutrition [6; 10], the water regime [26], stress
factors [27], or with the attack of some diseases or
pests [7]. Some studies have carried out different tests
on the leaves of some plant species, as quality
indicators of natural or anthropogenic ecosystems [8; 5;
20].

Different studies have highlighted that the
photosynthetic pigments in the leaves vary according to
the plant species [13; 16], latitude and longitude [15],
seasons [18; 30], climatic conditions [12],
technological factors [1], leaf age [2; 34], position in
the crown / on the shoot [32], stress factors [23] as well
as other conditions and influencing factors.

The photosynthetic pigments in the leaves of
ornamental plants were studied in relation to the plant
species (genotype), the general growing conditions [24;
33]. The chlorophyll content (SPAD) was used in
different studies to characterize the relationship of
plants with nutritional factors and growing conditions,
or to differentiate some plant varieties [20; 4].

The coloring of the leaves of some plant
species has been studied associated with the autumn
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season, in relation to genetic, chemical and
biochemical, physiological mechanisms that intervene
in the synthesis of leaf pigments (chlorophyll,
carotenoids and anthocyanins) [17; 25].

Nandina domestica Thunb. (Berberidaceae
Family), considered in the present study, is a species
native to Asia, from the Himalayas to Japan [19], and
the name of the genus (Nandina) comes from the
Japanese language (nanten) [11]. The plant grows as a
shrub, with straight stems, pinnate, compound leaves.
The initial leaves from the growth tips of the shoots
have a pale pink color, they become green in the
summer, and in the fall and winter they acquire a
reddish-purple color. The species lends itself to
different spaces, with an ornamental role through its
leaves, but there have also been approaches from the
perspective of invasive potential in certain areas [31].

The purpose of this study was to evaluate the
leaves of the species Nandina domestica 'Obsessed'
cultivar under the aspect of the content of
photosynthetic pigments in the specific conditions of
the autumn season.

Lcl
Figure 1. Samples on different categories of leaves (Lc) in the species Nandina domestica 'Obsessed' cultivar
(selective presentations)

Lc3

Based on the recorded chlorophyll (Chl) and
carotenoid (Car) content values, the Chl:Car and
Car:Chl ratios were calculated for each category of
leaves.

The obtained results were analyzed by
appropriate statistical methods.

The statistical reliability of the results and the
presence of variance in the experimental data series
(ANOVA test), the degree of variability in the data
series, the distribution of the leaf categories considered
in the study in relation to determined parameters, as
well as the level of similarity of Lc were evaluated.
The processing and analysis of the recorded data was
done in EXCEL and with the PAST software [14].
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Material and Method

The study analyzed the content of
photosynthetic pigments in the leaves of the species
Nandina domestica 'Obsessed’ cultivar, under the
conditions of the autumn season to capture the
variation in the content of chlorophyll and carotenoids.

About 100 leaves were taken randomly from
mature plants from the culture of ornamental plants
(SC Atmosfera verde SRL) from Timisoara, Romania.
Based on a primary evaluation, 10 leaf categories (Lc)
were selected according to leaf color (intense green to
anthocyanin colored leaves), figure 1.

Within each category, 5 leaves were analyzed
and the chlorophyll content (Chl) and carotenoid
content (Car) was determined. Chlorophyll content was
determined using the Chlorophyllmeter SPAD 502Plus
(KONICA MINOLTA). The carotenoid content was
determined with the ACM-200 Plus device (OPTI-
SCIENCES).

JAK

Lc7 Lc10

Results and Discussions

By analyzing the content of chlorophyll (Chl)
and carotenoids (Car) in the leaves of the species
Nandina domestica 'Obsessed' cultivar, the values of
the chlorophyll pigments considered in the study were
obtained and based on them the ratios Chl:Car and
Car:Chl were calculated, table 1. The chlorophyll
content varied between 8.40 — 52.07+5.23 SPAD units,
and the carotenoid content (Car) varied between 2.40 —
10.51+1.01 units. In the case of the calculated ratios,
the recorded values varied between 3.00 — 4.95+0.21 in
the case of the Chl:Car ratio, respectively between 0.20
—0.330.01 in the case of the Car:Chl ratio. In relation
to the variation of the values of the two indices, Chl
and Car, 10 categories of leaves (Lcl to Lc10) were
considered, table 1.



The graphic representation of the values per
series of leaf categories is shown in figure 2, in the

form of a normal probability plot, under conditions of :E;:
correlation coefficient r>0.9 (r=0.947 for Chl; r=0.951 :E;L,Ef}j
for Car; r=0.972 for Chl: Car; r=0.975 for Car:Chl). G
The single factor ANOVA test led to the
values presented in table 2, which confirms the 32.57
presence of variance in the data set and the statistical 45.0-
reliability of the recorded data. ¢ sl
Table 1. =5
The values of the physiological indices (Chl, Car) and % 30.0
the ratios calculated for the leaf samples, E 5acd
species Nandina domestica 'Obsessed' cultivar -
Trial chl Car | Chi/Car | Car/Chl =
Lcl 52.07 10.51 4.95 0.20 2]
Lc2 45.30 9.90 4.58 0.22 0.0 . . T T T —
Lc3 44.52 9.70 4.59 0.22 24 Sha A0 0 00 0s 0 e 20
Lc4 40.20 9.50 4.23 0.24 Mormal order statistic medians
Lch 26.70 8.20 3.26 0.31 Figure 2. The graphic distribution in the form of a
Lc6 17.70 5.90 3.00 0.33 normal probability plot for the data series of leaf
Lc7 14.20 4.30 3.30 0.30 samples, the species Nandina domestica 'Obsessed'
Lc8 12.60 3.60 3.50 0.29 cultivar
Lc9 12.20 3.10 3.94 0.25
Lcl0 8.40 2.40 3.50 0.29
SE 15.23 +1.01 10.21 10.01
Table 2.
ANOVA test for data series
Source of Variation SS df MS F P-value F crit
Between Groups 4446.104 3 1482.035 20.83111 5.35E-08 4.377096
Within Groups 2561.23 36 71.14527
Total 7007.333 39
Alpha =0.001

The variation of carotenoid content (Car) in
relation to chlorophyll (Chl) was described by a
polynomial equation of the 2nd degree, under
conditions of R?=0.987, p<0.001, F=272, with graphic
representation in figure 3.

Car =-0.00483- Chl+0.472-Chl-1.419 ®

Car

Chl
Figure 3. Distribution of Car in relation to Chl, leaves
of Nandina domestica 'Obsessed' cultivar

PCA facilitated obtaining the diagram in
figure 4 which includes the distribution of the studied
leaf categories (Lcl to Lc10) in relation to determined
physiological indices (Chl, Car) and the calculated
ratios (Chl:Car, Car:Chl). PC1 explained 86.388% of
variance, and PC2 explained 13.458% of variance.
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Figure 4. Distribution of leaf categories (Lc) in PCA
diagram, Nandina domestica 'Obsessed' cultivar

85



Cluster analysis facilitated obtaining the
dendrogram in figure 5, in which the leaf categories
(Lc) were associated based on similarity in relation to
the evaluated physiological indices (Chl and Car), in
conditions of statistical safety (Coph. Corr.=0.908).

Lc5
Lc6
Lc7
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Two clusters (C1 and C2) with several sub-
clusters each resulted. From the analysis of the
distribution of Lc in the obtained dendrogram (figure
5) and based on the calculated SDI values, table 3, it
resulted that the highest level of similarity was between
Lc8 and Lc9 (SDI=0.6403), followed by Lc2 and Lc3
(SDI= 0.8052).

Lcl0
Lc4
Lcl

I— Lc2
|— Lc3

324

36

40-

Figure 5. Dendrogram of leaf categories association in relation to Chl and Car,
species Nandina domestica 'Obsessed’ cultivar

Table 3

SDI values for leaf categories in relation to Chl and Car content, Nandina domestica species, 'Obsessed’ cultivar
Lcl Lc2 Lc3 Lc4 Lc5 Lc6 Lc7 Lc8 Lc9 Lcl0
Lcl 6.7974 7.5933 11.9130 | 25.4750 | 34.6780 | 38.3760 | 40.0700 | 40.5530 | 44.4170
Lc2 6.7974 0.8052 5.1157 18.6780 | 27.8880 | 31.6000 | 33.3010 | 33.7910 | 37.6540
Lc3 7.5933 0.8052 4.3246 17.8830 | 27.0880 | 30.7970 | 32.4980 | 32.9870 | 36.8500
Lc4 11.9130 5.1157 4.3246 13.5620 | 22.7860 | 26.5150 | 28.2240 | 28.7220 | 32.5830
Lc5 25.4750 | 18.6780 | 17.8830 | 13.5620 9.2892 13.0940 | 14.8310 | 15.3710 | 19.1970
Lc6 34.6780 | 27.8880 | 27.0880 | 22.7860 9.2892 3.8484 5.5946 6.1717 9.9368
Lc7 38.3760 | 31.6000 | 30.7970 | 26.5150 | 13.0940 3.8484 1.7464 2.3324 6.1033
Lc8 40.0700 | 33.3010 | 32.4980 | 28.2240 | 14.8310 5.5946 1.7464 0.6403 4.3681
Lc9 40.5530 | 33.7910 | 32.9870 | 28.7220 | 15.3710 6.1717 2.3324 0.6403 3.8639
Lc10 44,4170 | 37.6540 | 36.8500 | 32.5830 | 19.1970 9.9368 6.1033 4.3681 3.8639

The variability evaluated based on the
coefficient of variation (CV) was different in relation to
the photosynthetic pigments and the calculated ratios.
Thus, chlorophyll (Chl) showed much higher
variability (CV=60.4346) compared to carotenoid
pigments (Car) in the case of which the coefficient of
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variation had the value CVV=47.4612. In the case of the
calculated ratios, the coefficient of variation values
were close, CV=17.2644 in the case of the Chl:Car
ratio, respectively CV=16.8055 in the case of the
Car:Chl ratio.



The obtained results contribute to the
description of the behavior of the species Nandina
domestica 'Obsessed’ cultivar in the specific conditions
of ornamental plant culture within SC Atmosfera verde
SRL from Timisoara, Romania.

The data presented fall within the limits
described in other researches, which addressed the
respective species, and can be considered for other
studies.

Conclusions

Based on the leaf samples collected for the
study, 10 categories were differentiated according to
color, from intense green to red-violet.

The analysis of the content of photosynthetic
pigments (Chl, Car) led to obtaining a set of data,
which presented a specific variant and statistical
certainty (ANOVA test) in relation to the color
category of the leaves.

The regression analysis led to a polynomial
equation that described the variation of Car in relation
to Chl under conditions of statistical safety.

The ratios between the photosynthetic
pigments (Chl:Car and Car:Chl) expressed variable
weights in relation to the e-content values recorded per
leaf category (Lc).

The PCA analysis facilitated finding out the
way in which the categories of plants (Lc) taken into
account were distributed in relation to the parameters
considered (Chl, Car, Chl:Car and Car:Chl). The
cluster analysis facilitated finding the level of
similarity that the categories of leaves presented, in
relation to the content of photosynthetic pigments (Chl,
Car) and ratios analyzed (Chl:Car, Car:Chl).
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