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Abstract. Synthetic dyes can cause health and environmental impacts.
Thus, there are opportunities to develop natural dyes, one of which is
produced by Indigofera tinctoria plants. This plant is from Fabaceae that
has the potential to produce a natural blue color. Natural dyes are extracted
from the leaves of plants that contain indigo compounds. Indigo growth
and precursors are very dependent on environmental conditions, one of
which is light intensity. This study aimed to study the morphological and
physiological plant responses in I. tinctoria to several levels of light
intensity. The research was conducted in Puron Village, Sukoharjo,
Indonesia with a complete randomized block design (RCBD) one factor,
namely the level of light intensity (100 %, 50 %, and 25 %) with nine
replications. Light intensity affected the morphology and physiology of
I. tinctoria. Plants responded to low light intensity by increasing the leaf
area index, specific leaf area and plant height. Leaf area, specific leaf area
and plant height were highest at 25 % intensity. However, the number of
leaves and nodes got greater at full light intensity. Higher light intensity
increased the chlorophyll content a, b and total, thus, higher biomass yield
which was 18.86 g at the age of 8 wk.

Keywords: Chlorophyll, leaf area, number of nodes, plant height,
specific leaf area.

1 Introduction

Textile industries use synthetic dye for dying medium. Synthetic medium has some benefits
in terms of characteristics; bright color, easily dissolves in water, cheaper to produce, and
easier to apply on fabric [1]. Thus, the waste from these industries contains various types of
synthetic dyes. The waste is considered a pollutant [2]. The waste treatment process is not
yet efficient. It can cause serious environmental problems in connection with the reuse of
wastewater for irrigation. Applying proper treatment process is very important in order to
minimize pollution, one of which is by developing the production of the
Indigofera tinctorial L. plant to be used as natural dyes.
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I. tinctoria is from the Fabaceae family, which is efficacious as a natural dye industry.
The plant is used as a natural dye agent in the textile industry because it contains indigo
pigments that produce indigo colors [3]. 1. tinctoria natural dyes were the main product of
India and West Africa before the discovery of synthetic indigo. Natural dye compounds are
extracted from plant leaves. These plant cells contain indican secondary metabolites
(indoxyl-B-D-glucoside) and/or B (1H-Indol-3-yl B-D-ribo-3-hexosulopyranoside)
precursors. Indican is synthesized in chloroplasts and stored in vacuoles.

Indigo growth and precursors are highly dependent on environmental conditions, one of
which is light intensity. In Europe, this plant can adapt well but is not resistant to drought,
and indigo content is positively influenced by the intensity of sunlight [4]. Light is the main
environmental component that affects the survival rate, morphological characteristics,
photosynthetic characteristics, and primary and secondary metabolism of plants [5]. Light is
a vital resource for plants, and light deficiency can directly change the development of the
photosynthetic apparatus of plant photosynthetic capacity [6]. Most pigments that are
specifically bound to thylakoids and the photosynthetic system are strongly influenced by
the availability of light. This research aimed to study the morphological and physiological
responses of I. tinctoria to several levels of light intensity.

2 Materials and methods

The research was conducted from April to August 2019 in Puron Village, Bulu, Sukoharjo,
Central Java, Indonesia. The research location was at 77.745 S and 110.83 E with an
altitude of 120 m.a.s.l. Microclimatic conditions with an average precipitation of
2 289 mm yr!' and the number of rainy days 105 d. Daily average temperature of 25 °C to
27 °C, humidity around 80 %. The study used a complete randomized block design
(RCBD) with one factor, the light intensity with three levels; 100 %, 50 %, and 25 %. All
treatment was replicated with nine replications, so there were 27 experiment units. The
planting material used was I. tinctoria seeds, which are green in color. The tool used as an
application of light intensity was a shading net with various density levels.

Chlorophyll analysis was carried out at Laboratorium Fisiologi Tumbuhan Universitas
Sebelas Maret using the Armon [7] method with a slight modification. Chlorophyll a and b
uptake was measured using a UV-Visible Double-ray Spectrophotometer (Eliso SI-156,
India) at 663 and 645 nm by using acetone 90 % as the blank. Plant physiology variables
observed were chlorophyll a, b, and total, the biomass of plants aging 6 wk, 8 wk, and
10 wk. Morphological variables recorded were plant height, number of leaves, number of
branches, leaf area, specific leaf area (LW/LA: LW = leaf weight, and LA=leaf area). The
data were analyzed using analysis of variance with a 5 % (95 % confidence level) followed
by a 5 % Duncan's Multiple Range Test (DMRT) if between the experimental units were
significantly different.

Environmental variables observed were light intensity at 7 a.m., 12 p.m., and 5 p.m.
(GMT+7) using lux meter (Mextech, China), temperature, and humidity using Thermo
hygrometer (Shanghai, China). Observations of the environment were carried out 12 times,
starting at the age of 7 d plants until harvest time. Observation of light intensity was carried
out on the canopy of I. tinctoria ie, under the third leaf from above.
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Table 1. Average environmental variables in the research location

Light Variable Time of observation (GMT+7)
intensity 7 am. 12 p.m. S p.m.
Light intensity (lux) 48 600 63 200 16 010
100 % Temperature (°C) 27.8 36.7 29.6
Relative humidity (%) 64 46 54
50 % Light intensity (lux) 24 600 32 400 8430
Temperature (°C) 27 34.2 28.9
Relative humidity (%) 63 41 56
25 % Light intensity (lux) 13 600 5300 4025
Temperature (°C) 26.4 32 28.3
Relative humidity (%) 66 50 57

3 Results and discussions

3.1 Morphological responses of I. tinctoria to light intensity

Plant morphology has manipulability and adaptation mechanisms in changing
environmental conditions [8]. Light intensity significantly affected the growth of 1. tinctoria
plants at 2 wk to 12 wk old (Figure 1). Different light conditions had different effects on
plant height. Plants grew higher with lower light intensity levels. This condition indicated
that the stem of the /. tinctoria plant was etiolated. This is in accordance with the research
of [9] that shading caused an increase in the height of soybean plant stems. Low light
caused the internodes to grow longer [10]. Adaptation of plants to low light intensity would
affect the morphology, anatomy, and physiology of plants, including an increase in leaf
area and plant height as an effort to reduce the use of metabolites, and reduce the light
transmitted and reflected [11].

I. tinctoria plant height at full light intensity was only 73.44 cm, while at 50 %
intensity, the plant height increased by 37.34 %, which reached 117.22 cm and increased
40.72 % at 25 % intensity. Plants responded to stem elongation and inhibited the growth of
stem diameter to absorb a high amount of light [12]. This was due to the low light, which
activated auxin and further caused symptoms of etiolation [13]. Shading application led to
carbon allocation towards stems elongation at the expense of roots and leaves development,
thereby affecting the yield [14].

Fig. 1. Effect of light intensity on plant height
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Leaves are considered as the head part of the plant. Leaf functions to collect light
energy from the sun and play a role in photosynthesis to convert light energy into
biochemical energy [15]. The number of leaves was considered a major factor that
determined the quality of growth and the ability of plant photosynthesis. The results
showed that the number of /. tinctoria leaves reached 368 strands in full light intensity at 12
WAT (Table 1). The number of leaves at each intensity showed significantly different
results. The number of leaves at 50 % light intensity decreased by 39 % reached 225 strands
and at 25 % light decreased by 51.79 %. The growth of nodes also decreased at a low light
intensity. The results showed that the number of nodes at each intensity was significantly
different. The number of nodes in full light reached 28 nodes. In 50 % intensity number of
media is reduced by 41.69 % reached only 16 nodes. Plants responded to low light by
extending internodes and leaf stalks, resulting in reduced nodes. Thus, the number of leaves
was also reduced. Light intensity-modulated the content of the thylakoids as the PSII/PSI
ratio, the number of reaction centers. Plants in low light exhibited lower levels of
photosystem II (PSII), number of reaction centers, as well as the decreased capacity for
oxygen evolution, electron transport, and limitations in electron transport between PSII and
PSI [16]. An important effect of low light was the reduction in clean photosynthesis [17].
Decreased photosynthesis occurred from two main mechanisms: i) a decrease in diffusion
of CO; into leaves, due to decreased inter-cell CO, and stomatal conductance, and
ii) potential inhibitory metabolism for photosynthesis by inhibiting leaf growth and
enlargement by controlling cell proliferation [18].

Leaf area shows the ability of plants to carry out photosynthesis because it is associated
with the use of light and the use of growing facilities [19]. The results of this study
indicated that light intensity significantly influenced the area of I. tinctoria leaves. Leaf
area reached 40.22 at 25 % light; at 50 % light, the leaf area was reduced by 19 % and
reduced by 61 % at 100 % light. It showed that plants responded to low light by increasing
leaf area. Reduced light supply encourages an increase in leaf area [20], which is an attempt
by plants to increase the area of light absorption and light capture efficiency [21]. The
optimum leaf area shows that sunlight is received evenly by the leaf [22].

The specific leaf area (SLA) at 50 % light was 63.98 cm? g!, 19 % higher than full
light, and 2.1 % higher than 50 % light. Specific leaf area at light 25 % and 50 % did not
show significantly different. Such a situation also appeared in soybean crop yielded in the
research of [6] that SLAs were increased in low light. An increase in specific leaf area due
to phototropism [23, 8]. However, an increase in SLA was not able to compensate for the
decrease in leaf area caused by reduced light interception. Tolerant of intolerant species to
low light would optimize the capture and utilization of the light by increasing SLAs [14],
because SLA was an important parameter that reflected plant growth and carbon
assimilation and was strongly influenced by changes in light conditions [24, 25].

Table 2. Light intensity on the growth of 1. tinctoria

Light Number of Leaf area Specific leaf Number of
intensity (%) | leaves (strand) area (cm’ g!) nodes
100 368.56b 15.65a 46.10 a 28.78b
50 225.00a 32.24b 65.36 b 16.78ab
25 177.67a 40.22¢ 63.98 b 13.11a
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3.2 Physiology plant response in I. tinctoria to light intensity

The light intensity had a significant effect on chlorophyll (Table 4). The amount of
chlorophyll at a full light intensity and 50 % were not significantly different, at 25 %
intensity showed significantly different and decreased by 6 %. Light intensity on
chlorophyll b and total chlorophyll had no significant difference. Chlorophyll b and total
decreased at a low light intensity. The decrease in chlorophyll b in light of 25 % was
2.4 %, the decrease in total chlorophyll was 4.5 %. These results indicated that low light
decreased chlorophyll a, b and total in /. tinctoria. These results are in accordance with the
results of the study of [26] that decreasing the shading from T75 to T0 increases the content
of Chl a, Chl b, and Chl a + b in soybeans. Chlorophyll content also showed a decrease in
water spinach planted under shading net [27]. Under changing light conditions, studies of
Chl a, Chl b, and Chl a + b help as an index for sunlight absorption [28]. The amount of Chl
was significantly affected by changes in light availability and decreased with the reduction
in light [29]. Chlorophyll content acts as an important factor in determining plant
photosynthesis [30]. Increased Chl b increases light interception under shading stress [31].
The amount of chlorophyll in shade-resistant plants increases under shading [32]. His
research shows that the shade increases the content of chlorophyll a, b, and total and
photosynthetic activity. This may indicate that the /. tinctoria plant is intolerant of low light.

Table 3. Light Intensity toward chlorophyll content of 1. tinctoria

Light intensity Chlorophyll
(%) A b total (a+b)
100 0.519b 0.867 a 1.386a
50 0.512 ab 0.846 a 1.358a
25 0.487 a 0.840 a 1.327a

I. tinctoria biomass increased as plant aged. The light intensity did not significantly
affect the biomass of I. tinctoria at 6 WAP. Low light showed the greatest biomass at
6 WAP. Plant biomass at 6 WAP at each light intensity level was not significantly different.
According to Yao et al. [32], leaf area is an important factor affecting plant light and
biomass interception. The yield of plant biomass at 6 WAP had a linear relationship with
the leaf area that the highest biomass resulted in light 25 %. A significant linear relationship
between leaf area and biomass per plant in shady conditions [33]. This is because the
reduction in leaf area directly impacts the reduction in photosynthate production. Some
studies have shown that increasing the leaf area increased the rate of net photosynthesis
[34]. However, this was incompatible with the I. tinctoria biomass at § WAP and 10 WAP
that at full light, the leaf area was low, and biomass production was high. [19] stated that
the decrease in SLA would be offset by an increase in crop dry weight. Plants with low
SLA value would have narrower and thicker leaves but have a great dry plant production.
This study showed that light intensity affected biomass at 8 and 10 WAP, full light could
produce the greatest amount of biomass that was 18.86 at 10 WAP, 27 % greater than light
25 % and 18 % greater than biomass at 50 % light. These results indicated that the biomass
of I. tinctoria increased in full light. This is because biomass was a product of
photosynthesis that depended on the availability of light to produce carbohydrates. Plants
that received low light modified the number of nodes to be very low and stimulated the
plant stem internodes, causing reduced leaves to grow and reduced the number of nodes
resulting in reduced biomass production. Adapting the mechanism of plants in various light
environments was by changing the characteristics of photosynthesis. The rate of net
photosynthesis decreases, resulting in a reduction in plant biomass in low light [35]. This is
in accordance with the results of [36] research that biomass production has a linear
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relationship with the chlorophyll content of plants, ie the production of biomass and
chlorophyll content decreases at low light. Low light intensity caused an increase in plant
height, leaf area, and specific leaf area (SLA). These morphological changes allowed
relatively more light interception and increased the efficiency of light use in /. tinctoria due
to the shading effect.

Table 3. Light intensity on biomass production

Light intensity Biomass (g)
(%) 6 WAP 8 WAP 10 WAP
100 1021 a 16.04 b 18.86 b
50 11.09 a 14.30 ab 16.37 ab
25 1447 a 11.70 a 13.65a

4 Conclusion

Light intensity affected the morphology and physiology of I. tinctoria. Plants responded to
low light intensity by increasing plant height, leaf area index, specific leaf area. Leaf area,
specific leaf area, and plant height were highest at 25 % intensity. An increase in leaf area
had a linear relationship with biomass at 6 WAP that the highest biomass production at
light 25 %. However, biomass production at 8 WAP and 10 WAP was strongly influenced
by high light reaching 18.83 g. An increase in biomass was due to the number of leaves, the
higher number of nodes in full light. Light intensity affected chlorophyll, the chlorophyll
content increased in high light, thus, providing materials and energy base for
photosynthesis.
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