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Carbon nanomaterial from watermelon skin waste as liquid
supplement for Lettuce sativa Lin hydroponics system
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Carbon nanomaterials have been used in various fields such as agriculture because they have properties that allow them to influence plal
growth. This research aimed to determine the effect of carbon nanomaterials made from watermelon skin waste as a plant supplemen
towards the growth of lettucé.éttuce sativa L).plants in a hydroponic setting. This research began by making carbon nanomaterial powder
based on the two-steps low heating (TSLH) method. The watermelon skin wastes had been dried using an oven and then heated again usir
a microwave to obtain the carbon nanomaterial sample in the powder form. The carbon nanomaterial samples were characterized using
UV-Vis, PSA, and XRD. The effect of the carbon nanomaterial on the lettuce plants was observed in a hdroponic setting. Data collection was
carried out by measuring the water height, leaf width, plant height, number of leaves, and wet and gross weights of the lettuce plants. The
results showed that the carbon nanomaterials can influence the growth and development of lettuce plants, especially helping plants absor
water and controlling and developing plants’ growth so that they experience more stable growth.
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1. Introduction be absorbed by the plants themselves [7]. The absorption
of carbon-based nanomaterials depends on their interaction
Watermelon Citrullus vulgarig is a fruit that is popular and  With suspended organic matter, their colloidal properties, and
easy to find in Indonesia because it can grow in various sedhe homo-heterogeneous medium that allows them to have a
sons. Watermelon has a fairly high-water content, namelypmooth flow in the plant system [8].
91.45 g [1]. Some people only use the watermelon flesh for Based on the description above, the aim of this research
consumption and the watermelon skin is an unused waste mig to determine the effect of carbon nanomaterials made from
terial. Organic wastes, such as fruit peels, spices, leaves, at¢atermelon skin waste on plant growth, especially lettuce
nuts are carbon sources that are rarely utilized [2]. Henceplants (ettuce sativa L).in a hydroponic system. Plant-
this watermelon skin waste can be used in the field of naning with hydroponic system can provide a more controlled
otechnology, one of which is carbon nanomaterial. growth environment [9]. This is because factors such as nu-

The development of nanotechnology shows broad poteri!ition, light, and media can be regulated.
tial for various applications. One of them is carbon-based
nanomaterials, which have been useq in various fields, such  Methods
as agriculture [3,4]. Research regarding the effect of carbon

nanomaterials on the germination and growth of rice plantshis research aimed to determine the effect of carbon nano-
shows that the treated seedlings looked healthier with We”materia|s made from watermelon skin waste on the growth of
developed root and shoot systems compared to the contr@dttuce plants based on the hydroponic setting. This research
seedlings [4]. Apart from that, research conducted on the usgas conducted at the Nanomaterial Laboratory, Universitas
of carbon nanomaterials made from mango peel waste to biRegeri Yogyakarta, Yogyakarta, Indonesia. The tools used in
used as organic fertilizer for rose plants showed that the leahis research were measuring cups, digital scales, oven, filter-
growth of treated rose plants was better compared to contrq,hg paper, microwave, mortar, hydroponic box, net pot, and
rose plants [3]. flannel cloth. The materials used in this research were water-
These carbon nanomaterials have properties that allowelon skin waste [Fig. 1a)], aluminum foil, distilled water,
them to influence plant growth. Carbon-based nanomateand three-week-old lettuce plant seeds.
rials can be used to improve plant genetic traits, increase Preparing the carbon nanomaterials was carried out based
plant capacity to deal with biotic and abiotic stress, and proon the two-steps low heating (TSLH) method. The method
tect the environment from harmful pollution [5]. Applica- started by first weighing 1.144 g of watermelon skin wastes.
tion of carbon-based nanocarriers can also promote plarthen the watermelon skin wastes were dried in the sun for 3
growth [6]. Most of the carbon nanomaterials applied candays to remove the water content [Fig. 1b)]. Then the dried
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b)

FIGURE 3. Carbon nanomaterial samples from watermelon skin
waste in the form of a) powder and b) liquid.

watermelon skin waste [Fig. 1d)] was ground using a mortar
FIGURE 1. Materials for the preparation of carbon nanomaterials, until it became powder. The powder was dissolved in 500 ml
i.e. watermelon skin waste a), watermelon skin waste after dry- of distilled water and left for 2 days. After 2 days, the solu-
ing b), watermelon skin waste in the oven c), and watermelon skintion was filtered using filtering papers with 20-micron pore
waste after the oven heating process d). size. The filtered solution was microwaved in stages of 50 ml
for 15 minutes to produce a crust, which was then taken in
powder form. The steps for preparing the carbon nanomate-
rials can be seen in Fig. 2.

Weighed ~ (dBEEB.  sundried - The carbon nanomaterial samples produced in the forms
— ] < of powder [Fig. 3a)] and solution [Fig. 3b)] were then charac-
watermelon scales < terized using ultra violet-visible (UV-Vis) spectrophotometer,
skinwaste particle size analyzer (PSA), and X-ray diffraction (XRD).
The characterizations were carried out at the Integrated Lab-
oratory, Faculty of Mathematics and Natural Sciences, Uni-
versitas Negeri Yogyakarta, Yogyakarta, Indonesia.

dried watermelon The planting media used in the hydroponic system for
oven il growing the lettuce plants used two variations, namely car-
bon nanomaterial solution (box A) and water (box B). The

l @ ‘ data collection was carried out to compare the plant growth
—

aoundad and harvest weight of the lettuce plants in boxes A and B. The

oven-dried

mofkr powder total water medium used in the box was determined to be 6
liters of liquid. Each box was planted with 9 lettuce seedlings
that were 3 weeks old. Data collection was carried out for 12
days by measuring plant height, leaf width, number of leaves,
- hered dissolved and water height reduction in each box as well as weighing
powder + aquadest the wet and dry weights of the harvested plants at the end of

—— the observation.

— - —

RS AR 3. Results and discussion
FIGURE 2. Procedure for preparing carbon nanomaterials fromwa- 1he carbon nanomaterial is characterized using a UV-Vis
termelon peel wastes. spectrophotometer to determine the absorption pattern at cer-
tain wavelengths. The sample is tested in powder form. This
watermelon skin wastes were heated in the oven at@00 test is based on a specific wavelength spectrum range. The
for 2 hours [Fig. 1c)]. Watermelon skin waste that had beertesting is carried out with a wavelength range of 200 nm -
oven-treated produced a weight of 59 g. After that, the dried300 nm. The result of UV-Vis characterization of the carbon
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FIGURE 4. Absorption spectrum of the carbon nanomaterial from

watermelon skin waste. FIGURE 5. Diffraction pattern of the carbon nanomaterial.

nanomaterial is shown in Fig. 4. Based on Fig. 4, the ab_bonlzatlon process whe_n preparing the carbon nanomaterials
can cause structures with broad peaks.

sorption result of the carbon nanomaterial has an absorption The PSA characterization was carried out to determine

peak at a wavelength of 243.6 nm. The presence of this pee%e particle size distribution of the carbon nanomaterial from

indicates that the sample contains carbon material. This is ; .

) . watermelon skin waste. This test produces a graph show-
based on a previous study, which produced carbon nanomes %channel andspassing on the Y-axis, as well as particle
terial at a wavelength of 216 nm [10], as well as at 242 nm"3 7 P 9 ’ b

and 268 nm [11]. Apart from that, based on previous research - " the X-axis. This particle size comes from a group of

T . cfarbon nanomaterial particles subjected to the Brownian mo-
of sample testing, it can be stated that the absorption peak L. Meanwhile %passing shows the cumulative percentage
carbon nanomaterial is at a wavelength of 200 nm - 400 nm _ ' /op 9 P 9

[12]. This wavelength range is in the UV wavelength ran eof the number of particles that are less than a certain size and
' 9 9 g 9 J%channel shows the percentage of the number of particles

[13]. The absorption peak in the graph shows that the San‘l[hat are of a certain size. The results of the PSA characteriza-

ple is experiencing an electron transition (excitation) due tq. . el )
: . tion of the carbon nanomaterial are shown in Fig. 6. Figure 6

the absorption of UV energy. Absorption occurs because the . . .
shows that the particle size of the resulting carbon nanoma-

energy of UV light at a certain wavelength is the same as th? ) )
et . . erial has heterogeneous properties and can be seen from the
excitation energy of the carbon nanomaterial. This electron

transition is an excitation from a basic energy level (HOMO)presentatlo_n of part'lcles .Of a certain sSize. Basg d on the PSA
t0 a higher energy level (LUMO), which isa— 7+ elec- results, various particle sizes and their distribution in the sam-

tronic transition [1]. ples are obtained as in Table I.

P . . Based on Table I, the carbon nanomaterial has a particle
XRD characterization is carried out to determine the CIYSsize of 370 nm with a volume of 2478 This shows that the
talllnl'ty of th'e sar_nple [14]. . This methoq IS .base.d on.X- particle size of the carbon nanomaterial is relatively large.
rays interacting with a material and experiencing d|ff_ract|on,.|.his happens because the sample experiences clumping, so
W_E'Ch_'sf thent_deteck:)tedt 33/ a detect(_i_r. Th'z dltffra<t:t|on ?:ﬁ'that the particle size shows large results. Apart from that,
vides information about the composition and structure of tngy,; large particle size can occur because the carbonization

material. The sample tested is in powder form and the 2 process is not complete so that there are particles with large
range used is“4to 80°. The data obtained are in the form sizes

of diffraction angle () and intensity ). I is the number of Observation of the carbon nanomaterial as plant supple-

Xr;rays t(:]'ﬁraCtid b¥tLhe>?éyStg_lf;attlge. The ?raph ?;Oduce?ment to lettuce plants are carried out for 12 days. The appli-
Shows the peaks ot the AF liraction spectrum. The resu tation of carbon nanomaterial solution in the hydroponic
of the XRD characterization of the carbon nanomaterial is

shown in Fig. 5. Figure 5 is the diffractogram produced from — ,
. . TABLE |. Size distribution of the carbon nanomaterials.
the carbon nanomaterial, which has several peaks. Based on

the XRD graph, it can be seen that the sample of the carbon Particle size (nm) Vol (%)
nanomaterial has an amorphous structure. This is because the 370 24.8
diffractogram does not produce any sharp peak and only has 559 66.5

several broad peaks. Therefore, the distance between atoms
does not have a clear pattern and the arrangement of atoms
tends to be random. In addition, a less-than-optimal car-

1517 8.7
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FIGURE 6. Particle distribution of the carbon nanomaterials indi- FIGURE 9. Height measurement results of the liquid media.
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FIGURE 10. Number of leaves measurements.

carbon nanomaterial by the lettuce plants occurs for 5 days
since the initial planting. Therefore, the effective absorption
of the carbon nanomaterial may only occur for a period of
time, e.g: in the case of the lattice plants is 5 days.

Figure. 10 is a graph of the average number of leaves on
lettuce plants for boxes A and B. Based on this graph, the
media is by pouring the carbon nanomaterial mixed with wa-average number of leaves in Box A has increased slowly and
ter in one box (box A) and the other box only uses water (boysteadily from day to day. This shows that carbon nanomateri-
B). During the observation process, water height, number ofils can support average leaf growth. Meanwhile, the average
leaves, plant height, and leaf width are measured. The initighumber of leaves in Box B also experiences slow growth and
condition and conditions on day 12 of the lettuce plants maylecreases on day 8. Then after that, it experiences an increase
be observed in Fig. 7 and 8. again until the end of the observation. This shows that the av-

Figure. 9 is a graph of the decrease in the liquid heighgrage leaf growth on Box B of the lettuce plants experiences
level in each box. It can be seen that Box A has a lowetnstable growth. Based on the observation, the decrease in
height media compared to box B. This shows that the lettucéhe number of leaves on the lettuce plants is due to some of
plants tend to absorb more carbon nanomaterial compared tbe leaves wilting and then drying out until the leaves fall off
water media. However, the general height level decrease dhe plant. However, it is also seen that some new leaves are
the two boxes is similar with the height level of Box A is al- growing on some lettuce plants.
ways lower than Box B, except on day 35 where a change of Figure 11 is a graph of the average height of the lettuce
slope is indicated at the 12 days. A somewhat rapid decreag#ants. Based on the graph, the lettuce plants in Box A expe-
of the height level of the media occurs for Box A comparedrience faster average plant growth compared to Box B. It can
to Box B before day 5. This means that the absorption of thde seen that the height of the lettuce plantsin Box A shows

FIGURE 8. Conditions of the lettuce plants on day 12,: Box A
with carbon nanomaterial a) and Box B with water b) media.
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FIGURE 12. Leaf width measurement results.

FIGURE 11. Plant height measurements.
the more likely it is to form larger organs, which then pro-

very stable growth. At the end of the observation, the averduce greater wet weight products [16]. In addition, the small
age plant height in Box A appears to have experienced drast@mount of water absorbed by plants causes the increase in
average height increase. However, the height growth of théhe size and volume of cells in plants to be hampered, so that
lettuce plants in Box B is unstable. This can be shown inplant organs cannot grow properly [17]. Apart from the wet
the data points, namely that there is a slowdown in the avemeight, Table Il also shows that the heaviest total dry weight
age height growth, such as on the 5th and 10th days. Apadf the lettuce plants is also box Be.: 10 g and followed by
from that, the average height of the lettuce plants in Box B iBox A of 8 g. The difference in the total dry weight between
smaller compared to Box A at the end of the observation. these two boxes is 2 g. This dry weight represents the product

Figure 12 is a graph of the average leaf width of lettuceof the photosynthesis process. The greater the wet weight of
plants in each box. Based on the graph, Box A shows a sigthe plant, the greater the dry weight of the plants’ fiber [17].
nificant increase in average leaf width until the end of the ob-  The observation and analysis of the results of the plant
servation compared to box B. Meanwhile, the lettuce plantgrowths show differences in the plants’ development of each
in Box B show smaller increase in average leaf width. It canbox. Box A with carbon nanomaterial as the planting medium
be seen that the growth of the average leaf width of the letshows the most stable results, which means that all growth
tuce plants in this box experiences significant increase untiparameters show the least local decreases. This shows
the 5th day and thereafter experiences a slowdown and d#iat carbon nanomaterials consistently support plant growth
cline on the 8th day. Based on the observation, the decreasgrough increasing water absorption [18]. Likewise, Box B,
in average leaf width on several lettuce plants occurs becausehich uses water shows good growth and development, but
the leaves on the lettuce plants wilted. So, when measuras not stable because of the slowdown or decline, which may
ments are carried out, the value of the leaf width is smallebe observed in plant height, number of leaves, and leaf width
than the previous day. measurements.

The total wet and dry weights of the lettuce plants at the It is worth noting as well that besides carbon nanomateri-
end of the observation are shown in Table. Il. This wet weightals affecting the growth of the lettuce plants, the lettuce plants
is an indicator of the quality of the plant because only certairin all of the boxes experienced rather undesirable etiolation
organs are harvested on the plant [15]. Based on Table II, tondition resulting in unnatural growth. The characteristics
can be seen that the heaviest total weight of the lettuce plantf plants experiencing etiolation are seen in plants that have
is the lettuce plants in Box B.e: 39 g. Meanwhile, the total long stems due to the abundant water content in the plant, the
wet weight of the lettuce plants in Box A is 32 g. The differ- stems are not sturdy, the plants look pale, have small leaves,
ence in total wet weight between the two boxes is 7 g. Theand have less dense roots [19]. This can be shown in Fig. 8,
increase in wet weight is influenced by the amount of wa-namely the condition of the plants on the 12th day in com-
ter absorption and accumulation of photosynthesis productgarison to Fig. 7, which is the initial condition of the lettuce
This accumulation of photosynthesis results affects the weplants. Etiolation occurs due to insufficient light intensity, so
weight of the plants. The greater the photosynthesis procestat the plants experience elongation of the stem segments

between the leaves [20].

TABLE Il. Total weights of lettuce plants after harvest. .
Welg ucep v 4. Conclusion

Box Wet Weight & 2 g) Dry Weight & 2 g)
A 32 8 Based on research that has been carried out, carbon nanoma-
B 39 10 terials affect the growth and development of lettuce plants in

the hydroponic setting. In addition, the total weight of the

Rev. Mex. Fis71060501
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harvested plants shows a lighter weight in lettuce plants thahcludes obtaining smaller sizes of the carbon nanomaterials
used carbon nanomaterial as the medium. This is probablyia ultrasonication in between the oven and microwave heat-
because the carbon nanomaterials focus on helping water aimg processes as sizes matter for nanomaterials.

sorption in lettuce plants, as well as controlling the growth

and development of lettuce plants so that they experience

more stable growth compared to the purely water mediumAcknowledgements

However, the total wet and dry weights of the plants using the

water medium produce higher weights compared to the p|anf§he authors would like to express their gratitude to Univer-
using the nanomaterial medium. The growth and developsitas Negeri Yogyakarta for the support and facilities, which
ment of the lettuce plants in all the boxes also experienced etplayed an important role in the conducting and completing of

olation because the insufficient light intensity. Further studythis research.
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