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Abstract

This research has been conducted to contribute to the Faculty of Science University of Lisbon’s
(FCUL) sustainability by closing the organic cycle and revaluing organic waste into fertilizer. First, the
optimization of the process used at the FCUL to transform organic waste into vermicompost has
been studied. Temperature measurements of composting organic waste have been taken 3 times a
week from 10 different samples of a period of 15 weeks to determine how long the organic waste
needs in the normal composting stage before it can move on to the vermicomposting stage. The
gained results show a drop in temperature at day 21 on average, indicating the composting stage
has finished. In this way a lot of vermicompost is produced which then can be used as organic
fertilizer for plants. Since little is known about at which quantities of vermicompost plants thrive the
best in different stages of their development, another research has been conducted. Lupine, rocket
and carrot seeds have been sown in various ratios of vermicompost:soil (100:0, 75:25, 50:50, 25:75,
0:100), duplicated 4 times. They have been monitored, measured and analyzed for the following
parameters: germination, length of leaves, amount of leaves and drought resilience For the
germination stage of the plants the different soil ratios didn’t give any significant differences
although results suggest it might vary between species. For the vegetal stage of the plant
development the optimum amount of vermicompost also differs between species but overall a
minimum of 50% would be best. For rocket the optimum lays around 75% vermicompost while that
for lupine ranged from 75%-0%. Carrot shows an optimum ranging from 100%-25%. The examination
of drought resilience, measured by the bloom of rocket, shows that a treatment of 100%
vermicompost gives a significant larger water retainment than the other treatments. The general
conclusion is that it’s possible and important to close the urban organic cycle, by valuating the
organic residues trough vermicompost optimization and use of the vermicompost in soil
improvement to have better plant development and increase its drought resilience.



1. Introduction

Every year enormous amounts of organic waste are generated. In Europe alone, annually up to 88
million tons of food are wasted, of which around 53% comes from households (Stenmarck et al,
2016). Dealing with this amount of waste leads to costs estimated at an amount of 143 billion euros
each year. To produce large quantities of food a lot of land with fertile soil is needed, but while the
food demand grows the soil fertility decreases (European Commission, 2006; Godfray et al, 2010).
Studies show that between 1 and 6 billion hectares worldwide are estimated to suffer from land
degradation (Gibbs and Salmon, 2015) reducing crop yields and overall nutritional value in plants
leading to food insecurity (Lal, 2009). Fertile soil does not only establish higher yields and nutritional
value in food production (Ulm et al, 2018), but it can significantly affect plant-pollinator interactions
by directly influencing pollinator nutrition and overall performance and better pollination can lead to
better yields (Cardoza et al, 2012) in a cycle of positive feedback. To still be able to produce food on
degraded lands, farmers in the current industrial paradigm need artificial ways such as inorganic
fertilizers to enrich the soil (Ritchie, 2017). There is a gap in the cycle; on one hand massive amounts
of organic matter are thrown away and on the other hand (chemical) fertilizers are produced in large
amounts to meet the demand.

There are, however, more natural and efficient ways of regenerating soil in which the biological cycle
is mimicked (biomimicry) such as composting and vermicomposting. Vermicompost is essentially
made up out of the droppings of earthworms feeding on organic waste (Huang et al, 2014; Lalander
et al, 2015). This form of compost does not only provide the necessary macro- and micro-nutrients
which plants need for their development (Atiyeh et al, 20004, b), but also increases the exchange
capacity (EC) and has water retaining properties (Ngo et al, 2012; Zhao et al, 2017). Just as with
compost, vermicompost can be produced at home. Moreover, vermicomposting takes less space in
comparison with composting and is more efficient. (Lled et al, 2013). Working according methods
like biomimicry corresponds with permaculture designs such as sustainable urban agriculture, in
which the goal is to create a human living environment in a way that is both ecologically and
economically sustainable (Mollison, 2013).

The Faculty of Science’s permaculture project HortaFCUL aims to study and contribute to the
University of Lisbon’s sustainability. The main source of organic waste comes from the canteens at
the faculty which produce food for around 5383 students and 683 staff (2018/19), thus, a lot organic
waste is generated. HortaFCUL wants to value this organic waste by first composting it and then
make it into vermicompost which, among other things, can be used to enrich the soil at the
experimental community garden Permalab and at the faculty gardens and orchards. This is already
being done for almost 20% of the organic waste suitable for vermicomposting and experiments are
running to optimize the process to make this 100% as soon as possible. However, this process has
never been monitored to pinpoint when the composting process slows down enough and gets below
25 C° for the organic matter to be in the right conditions and have the right temperature to add
worms and start vermicomposting (Reinecke, 1992).

In conclusion, vermicompost has a lot of benefits both regarding its chemical aspects as well as
production methods. It is generated by transforming food waste and provides all the nutrient
needed in food production which would solve two problems at the same time. Despite all these
benefits there is little known about the effects of different quantities of vermicompost on plant
development, both in large- and small-scale agriculture. The few studies that have been conducted
focused only on large-scale agriculture with relatively low amounts of vermicompost, up to 20%
(Atiyeh et al, 2000b). However, when vermicompost is produced in abundance, for example at home


https://link.springer.com/article/10.1007%2Fs13593-013-0148-7#CR20
https://www.sciencedirect.com/science/article/pii/S0929139318304621#b0115
https://www.sciencedirect.com/science/article/abs/pii/003807179290109B#!

or in community gardens like the Permalab, it is useful to know which quantity of vermicompost
gives optimal results. At which quantities do plants benefit the most and where is the limit after
which plants could suffer damage from excess amounts of nutrition? Is there a different influence
between the phenological states of the plant and in which ways is this noticeable?

The optimal amount of vermicompost fertilizer is a knowledge gap that HortaFCUL aims to fill. In this
study an experiment was set up to determine at what ratio vermicompost:soil plants gain optimal
benefits from the use of vermicompost. Seeds will be planted in different treatments and the whole
process from germination till the production of flowers and fruits will be monitored. Different
parameters such as germination rate, length of leaves and presence of flowers will be used to
determine the quality of the plants development.



2. Transforming waste into black gold.

Valuation of organic residues trough vermicompost optimization

The organic waste from the canteens first undergoes normal composting. In this time bacteria, fungi
and other microorganisms break down a lot of the matter so it is later easier to digest by
worms(Sharma & Gargab, 2018). This process of transforming organic waste into young compost
(stage 1) and this compost into vermicompost (stage 2) was closely measured in this study. To have
the process function at its optimal rate temperature measurements were taken to know when the
temperature of the composted organic waste (end of stage 1) drops below 25 C° so the added
worms have the optimum conditions to thrive (Reinecke, 1992).

This states the research question: How long it takes composting organic waste to receive worms? In

other words; after what time does the temperature of the composting organic waste drop below 25
ce?

2.1 Material and methods

The material used for composting consisted of organic waste from the canteens of the Faculty of
Sciences, University Lisbon (FCUL). The organic waste includes fruit and vegetable scraps, coffee
grounds and egg shells in which the ratios differ from time to time. The waste was collected
between 0 and 60 hours after it was produced. The waste was put inside nets which were then
directly placed in insulated cubic containers with a volume of 0,125m? (0.5minner dimensions). The
containers were made from ROOFMATE™ Extruded polystyrene foam insulation sheets of 5 cm
thickness, which were joined using polyurethane foam adhesive spray and sealed with acrylic. In
these cubic containers the organic waste had a composting time depending on the temperature
development. Every Monday, Wednesday and Friday the temperature was measured by hand with a
compost temperature measurer of the brand JARDI éco (figure 2.1, Appendix I) to determine when
the composting was finished. In this process the temperature measurer would be stuck in the middle
of the nets 4 times, of which the highest measured temperature would be noted. When the
temperature dropped below 25 C° (Reinecke, 1992) the organic material was taken out and
transferred to crates in which the red wiggler worms (Eisenia fetida) were added for the
vermicomposting to start. This process has been replicated 10 times, with 3 measurements per week
over a period of 15 weeks.


https://www.sciencedirect.com/science/article/abs/pii/003807179290109B#!
https://www.sciencedirect.com/science/article/abs/pii/003807179290109B#!

Figure 2.1, example of how the measurements will be taken in the insulated cubic containers filled with organic waste.

2.1.1 Data analysis

The means and standard deviation of temperature measurements have been calculated, plotted and
analyzed in Excel to develop composting metabolism curves.

2.2 Results

Compost temperature evolution During the first days, the
temperature of the
compost ranged from a
45 means of 20 degrees to
around 45 degrees. The
measurements show a
25 drop of about 20
degrees from day 19 to

55

35

Temp (°C)

15
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 21 (figure 3.1). At day 21
Days the temperature has
gone below 25 which
e Temp (°C) means the compost is
Figure 2.1, Line shows the average temperature of compost for 10 replicates over a period of 40 suitable for

days, whiskers show the STD vermicomposting.

The total means
of STD is nearly 5 days.



2.3 Discussion

At day 21 the temperature had gone below 25 which means the compost is suitable for
vermicomposting, so the worms could be added. The total means of STD, however, is nearly 5 days.
This means there is a fluctuation in temperatures between the different boxes. This could be
explained by the different input in each box. The food waste produced per box came from the same
source and is about the same, but there were slight changes in composition. For example, one day
there could be more acidic waste, such as orange and lemon peels, and other days more alkaline
waste such as banana peels and coffee grounds. Furthermore, weather circumstances and seasonal
changes could’ve had an influence. Even though the boxes are well isolated, it could be that periods
of cold, rain or heat had influence on the temperature. However, the high STD shouldn’t be a
problem in practice as the measurements have always been taken in the middle of the compost
where the temperature has it’s maximum. The optimum temperature for worms lays around 23 C°
and the maximum temperature after which they will stop functioning lays around 35 C° (Reinecke,
1992) which decreases their survival rate. Furthermore, the worms will be free to move to the outer
layers to escape potential undesired heat.


https://www.sciencedirect.com/science/article/abs/pii/003807179290109B#!

3. Growing on gold; from seed to flower

Soil improvement and its influence on seed germination, plant development and
drought resilience

3.1 Material and methods
Five different species of plants were used as bioindicators while plant growth and development were
measured. The following ratios have been examined:

A. 100:0
B. 75:25
C. 50:50
D. 25:75
E. 0:100 (control)

These 5 treatments were replicated 4 times to ensure reliable results.

The vermicompost which will be used for the experiment was produced with the food scraps from
the canteens at the university of Lisbon. The food scraps have first had 40 days of composting
followed by 2-3 months of vermicomposting. The vermicompost has been separated from the
worms by hand and mixed in a concrete mixer to create a homogeneous mixture. The used soil
consists of clay to resemble average poor garden soils. The first 4 weeks a net has been put around
the pots to prevent the seeds and seedlings from being eaten by birds.

The mixtures of different ratios were contained in plastic pots of 0.011m? (bottom diameter: 18cm,
top diameter: 30cm, height: 25cm) which were set up according to a Latin square (Appendix Il) at the
Permalab at the University of Lisbon (Appendix Ill).

In every pot several species of plants have been sown according to the layout of figure 3.1: lupine
(Lupinus albus), wild carrot (Daucus carota), basil* (Ocimum basilicum) and rocket (Eruca sativa). For
every species per pot 5 seeds were sown of which only one with the best growth rate was kept. The
remaining seedlings were cut by the stem 4 weeks after sowing. However, all seeds were included in
the germination count. So, in total 80 seeds were sown of which after 4 weeks only 20 remained.
The plants were watered by hand with the same amounts of water and no additional fertilizer has
been added during the experiment.

For the first 4 weeks every Monday, Wednesday and Friday the following parameter was measured:
- Total count of germinated seeds

After 10 weeks (calendar week 20), at the end of the experiment the following parameters were
measured:

- Length of leaf (the longest leaf was measured from stem to top)
- Count of leaves (for the lupine the hands of leaves were counted as one single leaf)
- Drought resilience’

! The basil is not concluded in the rest of the report as the seedlings had disappeared during the
experiment.

2 A period of drought simulated by 5 days without watering was induced. After this period of
drought, the plants were observed whether they had started blooming or not. The longer time it
takes for the plants to bloom, the better the drought resilience (Farooq et al., 2009).

10
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Figure 3.1, layout of seeds in pot. L: Lupinus albus, R: Eruca sativa, C: Daucus carota and B: Ocimum basilicum. The northic
Arrow indicates in what way the pots are positioned on the field.

3.1.1 Data analysis

To examine which treatment (independent variable) has had significant (<0,05) influence on the
different parameters (dependent variables) a multivariate statistic Post Hoc test in SPSS has been
used to analyze the data.
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3.2 Results

3.2.1 Germination

Seed germination per treatment
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Figure 2.1, Number of germinated seeds for the different plant species (rocket, lupine, carrot) and the total over the
experiment treatments with different ratios of vermicompost:soil. A=100:0, B=75:25, C=50:50, D=25:75, E(control)=0:100.
For every plant species, a total of 20 seeds were grown.

The total of germinated seeds doesn’t show a significant difference. However, if we look specifically
at the germination of carrot seeds we see that treatment E (0% vermicompost) gives a significantly
lower germination rate compared with B, C and D (75, 50 and 25% vermicompost).
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3.2.2 Growth

Number of leaves per treatment

35
30
wv
S 25
©
o
« 20
o
@ 15
£
€ 10
2
; i
0
A P B C D E
Treatment 0% vermicompost

100% vermicompost

M Rocket M Lupinus Carrot

Figure 3.2 Cumulative number of leaves for the different plant species (rocket, lupine and carrot) over the experiment
treatments with different ratios of vermicompost:soil. A=100:0, B=75:25, C=50:50, D=25:75, E(control)=0:100.

In treatment A (100% vermicompost) there were significantly fewer lupine leaves compared with all
the other treatments. However, significantly more carrot leaves were counted in the same
treatment.

Treatment E (0% vermicompost) counts significantly less carrot leaves compared to all treatments,
and less rocket leaves compared to treatment B and C. Between treatments B, Cand D, no
significant differences have been found.

Length of rocket leaves per treatment
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Figure 3.3, Average length of rocket leaves over the expermint treatments with different ratios of vermicompost: soil.
A=100:0, B=75:25, C=50:50, D=25:75, E(control)=0:100.
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Concerning the length of the leaves, treatment A (100% vermicompost) shows significantly shorter
leaves than all other treatments except in comparison with treatment E (0% vermicompost). The
longest rocket leaves, with a means of 28,33 cm, were those of the plants in treatment B. They show
significantly longer leaves than treatment A, D and E.

3.2.3 Bloom

In treatment B, C, D (75, 50 and 25% vermicompost) all rocket plants had bloomed after a period of
drought. In treatment E 33.3% of the rocket plants had bloomed. In treatment A (100%
vermicompost), no rocket plants had bloomed. Thus, in treatment A significantly less (none) rocket
plants had bloomed after a period of drought.

3.3 Discussion

The total number of germinated seeds did not show any significant differences as expected since the
germination is a phase mostly independent from the soil nutrients. However, the carrot seeds do
show a difference in germination between the treatments. Carrot seeds are small and take a long
time to germinate (14-21 days) compared to other small seeds such as rocket (5-7 days). This means
the seeds are more sensible to external factors such as humidity which is highly correlated with soil
organic matter. The clay ground of treatment E might have been too sturdy for the carrots to set
roots in. Also, most of the basil seedlings had disappeared from the pots, perhaps eaten by snails
(which is why they are not included in the results), chances are that some of the carrot seedlings
were eaten as well. Therefore, there will be no conclusions taken from the results of the germination
rate of the carrot seeds.

The good growth of the carrot in treatment A might be due to the loose, sandy structure of the
vermicompost as carrots prefer loose soil. Yet the lupine didn’t grow too well in treatment A. Lupine
is a nitrogen fixator and therefore doesn’t need high nutrient soils but research (Kalra, 2010) shows
that vermicompost can have positive influence on the thriving of Rhizobium. This is contradicting
with the obtained result. Other research (Prabha, 2010; Sangwan, 2010) shows that vermicompost
has positive influence on the plant development of various agricultural plants including nitrogen
fixators. This is confirmed by the results obtained in this research concerning the carrot and rockets
plants, but once again contradicted by the lupine. Perhaps lupine is more vulnerable to the high
concentrations of soluble salts available in vermicompost (Lim, 2015). This could mean that optimum
amount of vermicompost variates between plant species. Graph 3.2 and 3.3 show that the optimum
amount of vermicompost for rocket would be around 75%, while for lupine it would be less (such as
...) to even none at all.

An interesting observation which hasn’t been measured was the leaf color of the rocket. The color
seemed to variate from darker shades of green with a red hue to bright, almost fluorescent, light
green. These changes in chlorophyll could be linked to the different soil treatments especially
concerning drought resilience. Further research could be conducted to determine this possible
connection.

As excepted the plants in treatments with 100% vermicompost (treatment A) produced significantly
less flowers during the period of drought. This means that vermicompost has better water retaining
properties than normal clay soil due to its physical structure (Ngo et al, 2012; Lim, 2015; Zhao et al,

2017). Furthermore, the high amount of readily available nutrients could have something to do with

14
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it; a recent study (Kaur, 2018) shows that seeds which were pre-soaked in 80-100% vermicompost
tea had a significant later blooming and fruiting time.
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4. Conclusion

Regarding the valuation of organic waste in an efficient way (research question 1); after 21 days the
temperature of the composting organic waste drops below 25 C° which is the optimal time to add
worms and optimize the process. Although the temperature might still variate around this number,
this shouldn’t be a problem for the worms. This means the optimal way to transform organic
residues in a highly valuable product is a two steps process: Stage 1 takes in average 21 days of
composting the residues in a closed box; from experience stage 2 takes around 30 days to transform
this young compost into mature vermicompost (figure 4.1).

Concerning the optimum amount of vermicompost for the germination, vegetal development and
resilience of plants (research question 2) there are more complex answers. For germination in
general there are no differences although this might vary between species. A follow-up research
focusing specifically on the germination of carrot seeds in different ratios of vermicompost:soil is
suggested.

The amount of vermicompost where rocket produces the most and longest leaves is around 75%
(treatment B). The optimum amount of vermicompost for the vegetal stage of the lupine was found
at a wider range; 75-0% (treatment B-E). The carrot showed significantly more leaves at 100%
(treatment A) vermicompost, but also did well down to 75, 50 and 25% (treatment B, C and D). The
general conclusion is the more vermicompost, the better, but too much can be counterproductive
for some species.

As for the drought resilience it was found that vermicompost amount plays an important role on
buffering the water scarcity effect. With 100% vermicompost (treatment A) the rocket plants
produced significantly less flowers during an induced period of drought. This study corroborates that
vermicompost has better water retaining properties than regular clay soil which is backed up by
multiple studies. It would be interesting and relevant to follow up this study to better understand
the effect of soil organic matter in the resilience of the plants.

The general conclusion is that it’s possible and important to close the urban organic cycle, by
valuating the organic residues trough vermicompost optimization and use of the vermicompost in
soil improvement to have better plant development and increase its drought resilience.
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Figure 4.1 Visual representation of the organic cycle at the University of Lisbon
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Appendix

Appendix |

A section of the datasheet which has been used for the temperature measurements of the compost.

Box 1

Date 1/3/2019 | 4/3/2019 | 6/3/2019 | 8/3/2019 | 11/3/2019
Day of measurement 0 3 5 7 10
Temperature C°

Box 2

Date 6/3/2019 | 8/3/2019 | 11/3/2019 | 13/3/2019 | 15/3/2019
Day of measurement 0 2 5 7 9

Temperature C°

Appendix Il

Latin square set-up of the plant development experiment + picture. The letter (A, B, C, D, E)

represents the treatment as described at the material and methods, the number represents which

replicate it is.

1A 1E 1D
2B 2A 2E
3C 3B 3A

1C

3E




Appendix Il

Permalab at the University of Lisbon. Bright green cross marks research area.

Estruturas do
Permalab

D Ruas, Estruturas,
Caminhos Estufas
Zona 0: Social, Viveiro, Zona 1: Compostor, Zona 2: Zona
Plantas aroméaticas Horticulas, Arrumos experimental

p N
Avores, 10 m
Arbustos ‘

Zona 3: Swales, Zona 4: Tampéao verde, g IS
\ Pomar, Perenes \ Biomassa, Biodiversidade Ex|stente S Rroposty

-

Appendix IV

An example of treatment A (left) compared to an example of treatment D (Iright pot) after 5 days of

induced drought.
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Appendix V

The significances (<0.05) between the treatments for the number of leaves counted per species:

Carrot: A a, B bcd, Cabced, D dbc, Ee
Lupine: A a, B bcde, C bede, D bede, E bede
Rocket: A acde, B abcd, C abcd, D abcde, E ade

The significances (<0.05) between the treatments for the lenght of leaves concerning the rocket:

Aae,Bbc,Chbcd,Dcd, E ae
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