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Abstract. In Indonesia, vegetable farmers use manure to increase production. In fact, one of the
sources of heavy metal pollution on agricultural land is the use of manure. This study, therefore,
aims to determine the content of heavy metals in the leaves of Crassocephalum crepidioides, due
to fertilization, involving the use of several types of manure. Furthermore, it is possible to apply
the results in the establishment of dose limiting policies for vegetable crops, in an attempt to
prevent dangers to the consumer. The tested sources consisted of chicken, goat, and cow manure,
as well as a control (without manure), and each was applied at a dose of 20 tons/Ha. Meanwhile,
the third leaf of the upper part of the plant was analyzed using Atomic Absorption
Spectrophotometer (AAS), to determine Cu, Pb, Zn and Cd. The results showed the leaves of
Crassocephalum crepidioides fertilized with 20 tons/Ha of chicken manure, goat manure and
cattle manure had low heavy metal (below the set threshold of 50, 100-400, and 5-30 ppm for
Pb, Zn and Cd, respectively). However, at a dose of 20 tons/Ha, the leaves pastored with goat
and cow manure had a high content of Cu (209.78 and 530.90 ppm) than control and chicken
manure (67,92 and 92,68 ppm), which are higher than the established threshold. Meanwhile,
those fertilized with chicken compost, had better area and plant height value, compared to the
goat and cow sources.

1. Introduction
The contamination of agricultural lands by heavy metals must be prevented to realize the availability of
food that safe for human health. This occurs most commonly on farms, due to the application of
fertilizers (cages or chemicals) and pesticides [1]. Furthermore, its content in manure affects soil quality,
contaminate crops and poses health risks [2, 3, 4, 5, and 6]. However, the content of heavy metals vary
greatly between the types of manure, and the category of animals and livestock [7]. Previous reports
indicate that donkey sources possess the lowest amount of Zn, Cu, Pb, Ni, and Mg, while pig has the
highest Fe content and the least Mn, Cd and Ca [2]. Furthermore, very low concentrations of Fe are
found in chicken manure (852.3 mg Kg?), as well as dirty Mn (375.0 mg Kg!'), and the least significant
concentration of Zn was recorded in horse manure (94.3 mg Kg*), while other wastes ranged from 294.5
to 697.6 mg Kg* [8]. Conversely, goat manure source had almost no Cd, in comparison with others.
This study, therefore, aims to determine the effect of dosage (20 tons Hal) of manure used by
Indonesian farmers on Cu, Pb, Zn, and Cd contamination in plants. The indicator used was
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Crassocephalum crepidioides, an indigenous vegetable, widely used in the community. Furthermore,
the results serve as a useful reference point to the government to assist in the determination of policies,
regarding limitations on the use of manure for vegetable farming. Meanwhile, some countries
implemented national regulations, which establish a threshold amount for application [9].

2. Materials and Methods

2.1. Time and place

The experiment was conducted in the garden of the Faculty of Agriculture, University of Islam Malang,
from September to November 2018 (dry season). The soil was alluvial, and at an altitude is 516 m above
sea level, located in 112°06 '- 112°07' east longitude and 7°06 ' - 8°02 'north latitude. Furthermore, the
temperature used was 20° - 29°C, at a humidity of 78 - 86% and an average rainfall of 1,883 mm. year
!, The heavy metal analysis was carried out in the Faculty of Nature and Science Laboratory, University
of Islam Malang. Meanwhile, before sowing, the heavy metals content in soil was analyzed to ensure it
was not more than the threshold.

2.2. Research methods

The experimental configuration involved a randomized complete block design, consisting of treatments,
which include manure of chicken, cow, and goat, at a dose of 20 ton Ha, respectively and a control
(without manure). These were applied one week before sowing, by immersion into the planting medium,
presented in a plastic bag, and the entire treatment was repeated three times, with each contained five
samples. Crassocephalum crepidioides were seeded in 10 kg polyethylene bags, and its leaves were
harvested 45 days after sowing for the analysis of its heavy metal content.

2.3. Analytical procedure for heavy metal analysis

The analysis of Cu, Pb, Zn, and Cd involved the use of atomic absorption spectrometry (AAS), which
was conducted on the third leaf of the upper part of the plant, collected as the sample, through the
following stages: The distilled water, 25 ml (70% high purity HNO;3 and a ratio of 3: 1 HCI) and 5 ml
of 30% H,0, were mixed in a 100 ml empty beaker and heated to 80°C, followed by the formation of a
clear solution [10]. This was then cooled, filtered, and made up to 50 ml with ionized water, which was
stored at room temperature for further analysis. The heavy metal assay was conducted by measuring 1
g of the sample into a 100 ml beaker, containing acid wash, to which 25 ml of water and 5 ml of 30%
H20, were added [10]. Subsequently, the mixture was digested at 80°C, followed by the formation of a
clear solution, which was cooled, and the digested sample filtered and diluted to 50 ml with deionized
water. Determination and filtration targeting of heavy metals in the sample, including Cu, Pb, Zn, and
Cd, was achieved by absorption of atoms, using spectrophotometers (model: Buck 200A). This
instrument was calibrated using a standard solution, made manually from each heavy metal.

Blanks and quality control sources were conducted on five samples of leaves, in an attempt to detect
contamination and irregularities, and on average, each blank analyte recorded <5% of the element.
Furthermore, the precision and accuracy were assured through a repetition of the procedure, and the
percentage of acceptable recovery (86.5% = 0.005 to 96.4 £ 0.003) was obtained from the vegetable
samples that were digested with spikes.

3. Results and Discussion

Before sowing, the result of the heavy metal analysis showed the media to have minimal metal contents,
which were below the threshold. Table 1 shows the media used in this research as follows. The results
of the analysis showed that applying chicken, goat manure and cattle (Figure 1) at 20 tons/Ha produced
Crassocephalum crepidioides with the heavy metal content of Pb (31,34; 32,11; and 29,82 ppm), Zn
(134,80; 166,19; and 72,19 ppm), Cd (7,83; 7,13; and 7,43 ppm) and Cu ( 92,68; 209,78; and 530,90
ppm). While the Pb, Zn, and Cd values were still below the set threshold (50, 100-400, and 5-30 ppm
for Pb, Zn and Cd, respectively), some of the Cu content were over the threshold (goat and cow manure).
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Table 1. Heavy metals in soil media and plants.

Type of heavy metal Concentration (ppm)” Threshold in soil Threshold in plant
(ppm)[11] (ppm)[11]
Cu 311 2 -100 20-100
Zn 3.2 10-300 100 - 400
Pb 3.4 2-200 50
Cd 2.5 0.1-7.0 5-30

Source: *) Laboratory analysis before sowing
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Figure 1. The heavy metal content of Crassocephalum crepidioides leaves under various types of
manure application.

Crassocephalum crepidiodes is included in the group of Cu hyper-accumulator plants, which are
capable of absorbing the element at a specific concentration, exceeding the usual rate of other plants.
This is illustrated through the phenomenon observed in this research that it grows normally and showed
no symptoms of poisoning as commonly seen in the leaves of other plants that obtain the application of
cow manure (Figure 2).
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Figure 2. Effect of various types of manure application on Crassocephalum crepidioides growth (The
notification letters indicated significant differences between types of manure, according to
Duncan test 5%).

The high level of Cu in the leaves of Crassocephalum crepidioides was due to the high doses of goat
and cow manure in the soil. This element was absorbed by the roots, transported to the leaves and
therefore used as photosynthetic material. Furthermore, the movement of ions in the xylem tissue flows
upwards, through the mass of water, due to transpiration [12]. Alloway et al., showing the dose as safe
for fertilization [13]. Conversely, the use of cattle and goat manure elicited a high content of Cu (up to
209.78 and 530.90 ppm, respectively), exceeding the limit, while the chicken source treatment had a
lower Cu content of about 93.67 ppm, which is below the threshold (20-100 ppm).

The difference in the number of Cu elements content in manure was due to several factors, including
the type of animal, their diet and age [7]. Chicken feed involves the use of more vegetable ingredients,
such as rice bran, cornflour, and others, while Cu is often added meals given to ruminants, including
cattle and goats [14, 15], therefore, their manure administration causes elevated levels of the metal in
the leaves of Crassocephalum crepidioides, rather than those sourced from chicken.

Cu maintains body functions and initiates optimal developmental performance in poultry [16], and it
is also regarded as a growth promoter in the aspect of breeding [17]. Furthermore, they are normally
used in animal feed at concentrations in excess of the nutritional requirements for the prevention of
diarrheal disease, and also as an alternative to in-feed antibiotics [18, 19 and 20].

Heavy metals are known to be micro-elements essential for plant survival. However, an increased
concentration induces the inhibition of various processes during metabolism [21, 22]. Furthermore,
photosynthetic reactions, both photochemical and biochemical, are probably hampered by their
presence, especially Cu [23], because in excess quantity, it is capable of reducing plant height, a number
of tillers and leaves, as well as rice production. Meanwhile, symptoms caused by its toxicity include
blackish-brown plant stalks and stems, the plants appear to be shorter, and there is also a marked
reduction in the number of tillers and leaves [24]. However, these indications did not appear on
Crassocephalum crepidiodes, as normal growth, better leaf area and plant height were observed,
although it was fertilized using cow manure, containing a high amount of Cu in its leaves.

4. Conclusions

In Indonesia, there are no obstacles to getting chicken manure and the price is also cheap. The
use of manure from chicken sources, at a dose of 20 tons/Ha is recommended for fertilizing
Crassocephalum crepidioides, while those from cow must be reduced to ensure safety for human
consumption



International Conference on Green Agro-industry and Bioeconomy IOP Publishing
IOP Conf. Series: Earth and Environmental Science 733 (2021) 012001  doi:10.1088/1755-1315/733/1/012001

References

[1] Wuana R A, Okieimen F E 2011 Heavy metals in contaminated soils: A Review of sources,
chemistry, risks and best available strategies for remediation Ecol. 1-20.

[2]  Adesoye A M, Adekola F A, Olukomaiya K O, Olukomaiya O O, Iwuchukwu P O 2014
Evaluation of physical properties and heavy metal composition of manure of some
domestic animals Int J. Innov Sci Res. 9 2 293-296.

[3] Eneji A E, Honna T, Yamamoto S, Masuda T, Endo T, Irshad M 2003 The relationship between
total and available heavy metals in composted manure. J. Sustain Agric. 23 1125-134

[4] Kumar R R, Park B J, Cho J Y 2013 Application and environmental risks of livestock manure J.
Korean Soc Appl Biol Chem. 56 5 497-503.

[5] Millner P D 2009 Manure management. In The produce contamination problem. (Burlington:
Academic Press) pp 79-104.

[6] Nicholson F A, Smith S R, Alloway B J, Carlton-Smith C, Chambers B. J 2003 An inventory of
heavy metals inputs to agricultural soils in England and Wales Sci. Total Environ. 311 1—
3205-2109.

[71 Menzi H, Haldemann C, Kessler J 1993 Schwermetalle in den Hofdlingern-ein Themamit
Wissensliicken Schweizerische Land wirtschaftliche Forschung. 32 1 159-167.

[8] Vukobratovi¢ M, Vukobratovi¢ Z, Lon¢ari¢ Z, Kerovac D 2013 Heavy metals in animal manure
and effects of composting on it. Int Symp on Growing Media and Soilless Cultivation 1034
591-597.

[9] CaiQY,MoCH,WuQT,ZengQY, Katsoyiannis A 2007 Concentration and speciation of
heavy metals in six different sewage sludge-composts J. Hazard. Mater. 147 3 1063-1072

[10] Rodriguez-Flores M, Rodriguez-Castellén E 1982 Lead and cadmium levels in soil and plants
near highways and their correlation with traffic density Environ Pollution. Ser B Chem
Phys. 4 4281-290.

[11] Pickering W F 1980 Zinc interaction with soil and sediment components. pp 71-112.

[12] Demirevska K, Vassileva V, Vaseva I, Feller U 2008 Drought-induced leaf protein alterations
in sensitive and tolerant wheat varieties Gen Appl Plant Physiol. 34 1-2 79-102

[13] Alloway B J ed 2012 Heavy metals in soils: trace metals and metalloids in soils and their
bioavailability (Amsterdam: Springer Science & Business Media) p 22

[14] Baker AJ M, Reeves R D, McGrath S P 1991 In situ decontamination of heavy metal polluted
soils using crops of metal-accumulating plants a feasibility study. In In situ bioreclamation.
pp 600-605.

[15] Johnson L R, Engle T E 2003 The effects of copper source and concentration on lipid
metabolism in growing and finishing Angus steers Asian-Australasian J. Anim Sci. 16 8
1131-1136.

[16] Banks K M, Thompson K L, Rush J K, Applegate T J 2004 Effects of copper source on
phosphorus retention in broiler chicks and laying hens Poult Sci. 83 6 990-996.

[17] KimG B, Seo Y M, Shin K S, Rhee AR, Han J, Paik | K 2011 Effects of supplemental copper-
methionine chelate and copper-soy proteinate on the performance, blood parameters, liver
mineral content, and intestinal microflora of broiler chickens J. Appl Poult Res. 20 1 21-32.

[18] Monteiro S M, Oliveira E, Fontainhas-Fernandes A, Sousa M 2012 Effects of sublethal and
lethal copper concentrations on the gill epithelium ultrastructure of nile tilapia,
oreochromis niloticus Zool Stud. 51 7 977-987.

[19] Amachawadi, Raghavendra G, Morgan Scott H, Javier Vinasco, Mike D, Tokach, Steve S, Dritz,
Jim L, Nelssen, Tiruvoor G, Nagaraja 2015 Effects of in-feed copper, chlortetracycline, and
tylosin on the prevalence of transferable copper resistance gene, tcrB, among fecal
enterococci of weaned piglet Foodborne pathogens and disease 12 8 670-678.

[20] Cavaco L M, Hasman, Aarestrup H, Wagenaar F.M, Graveland J A, Veldman H, Mevius K,
Fetsch D, Tenhagen A, Porrero B A M C, Dominguez L 2011 Zinc resistance of
Staphylococcus aureus of animal origin is strongly associated with methicillin resistance



International Conference on Green Agro-industry and Bioeconomy IOP Publishing
IOP Conf. Series: Earth and Environmental Science 733 (2021) 012001  doi:10.1088/1755-1315/733/1/012001

Vet microbiol. 150 3-4 344-348.

[21] Hagemeyer J 2004 Ecophysiology of plant growth under heavy metal stress. In Heavy metal
stress in plants. (Berlin: Springer Berlin Heidelberg) pp 201-222.

[22] Kipper H, Kroneck P M H 2005 Heavy metal uptake by plants and cyanobacteria Met lonsBiol
Syst. 44 97-144.

[23] Kipper H, Gotz, Mijovilovich A, Kiipper F C, Meyer-Klaucke W 2009 Complexation and
toxicity of copper in higher plants. I. Characterization of copper accumulation, speciation,
and toxicity in Crassula helmsii as a new copper accumulator Plant Physiol. 151 2 702—714.

[24] Marschner C H Marschner 1995 Mineral Nutrition of Higher Plants Academic Press. pp 889.



