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Abstract: Six billion tonnes of spent coffee grounds (SCG) are thrown untreated into landfills, 
leading the spent coffee grounds to leach organic pollutants that may potentially harm bodies 
of water and emit methane, a greenhouse gas, into the atmosphere. Studies have confirmed 
that the ratio of carbon and nitrogen (C: N) of SCG is ideal for plant fertilizers. This study 
focused on determining the effects of SCG on the growth of tomato plants using four 
parameters: the number of leaves, the average leaf surface area, and the relative growth rate.  
The study used an experimental research design to study the causal relationship between SCG 
treatments and plant growth. Tomato seeds were grouped into four and sown on separate pots. 
The study used three trials, each containing different weights of SCG, namely: 0 g, 5 g, 9 g, 
and 14 g. The SCG treatments were applied after germination using the side-dressing method. 
The number of expanded leaves, leaf surface area, and relative growth rate of the tomato 
plants were observed every five days for 45 days. The researchers found that SCG treatments 
that exceeded SCG-5 displayed adverse effects on the growth of the tomato. Thus, the relative 
growth rate and SCG treatments of over 5 g are inversely related to one another. Results show 
that SCG-5 had the highest positive effect on plant growth in terms of all the parameters. The 
researchers can then conclude that SCG-5 is an effective alternative fertilizer that improves 
plant growth.   
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1. INTRODUCTION 

Solanum lycopersicum, commonly known as 
tomato, is an economically important and in-demand 
crop in the Philippines due to its versatility as a 
nutritious ingredient. This is clearly seen with the 
increased amount in terms of production in the 
country (Renna et al., 2018; Manzano & Mizoguchi, 
2013). It is classified as an ericaceous plant, which 
thrives and grows better on soil with low pH,  
specifically with a 5.5 - 8.0 soil pH range, hence also 
being in favor of high acid fertilizers (Cubero & 
Baquiran, 2017). 

 Tomato has five growth stages, namely the 
germination stage (25 to 35 d), vegetative period  (20  
to  25  d),  flowering stage (20 to 30 d), early fruiting 
stage (20 to 30 d), and mature fruiting stage (15  to  20  
d). The number of days and success within each stage 
may vary depending on environmental conditions 
(Jones, 2013; Garcia et al., 2011). To produce and grow 
the standard requirements to achieve satisfactory 
results of plant growth, farmers usually resort to 
commercial fertilizers. However, the unnecessary 
overuse of these fertilizers results in increased soil 
salinity, metal accumulation, water eutrophication, 
and nitrate accumulation, leading to health hazards 
and the greenhouse effect (Savci, 2012). Therefore, a 

need for organic and convenient alternatives is needed 
to reduce the environmental impact of commercial 
fertilizers. 

Spent coffee grounds (SCG) are the primary 
solid residual material obtained during the coffee 
brewing process. When dumped into landfills, they 
leach high concentrations of organic pollutants into 
bodies of water, affecting the organisms that live there 
and emit methane, a greenhouse gas that causes 
global warming (Cruz et al., 2012; Cervera-Mata et al., 
2017; Thenepalli et al., 2017). SCG is known to have a 
pH level between 6.5 to 6.8 (Coffee Grounds and 
Composting, n.d.). It has been studied as a potential 
fertilizing agent throughout recent years due to its 
nitrogen and potassium content, together with its 
carbon and nitrogen (C: N) ratios that are ideal for 
fertilizers (Caetano et al., 2014).  

Fertilizers play the role of supplementing the 
essential nutrients of a plant in order to promote 
efficient plant growth (Purbatanji et al., 2019). The 
plant growth of a plant can be assessed in a cost-
effective and non-destructive way by measuring its 
number of expanded leaves, average leaf surface area, 
and relative growth rate (RGR). The expanded leaves 
account for the total and average leaf surface area of 
the plant. Meanwhile, leaf area growth is considered 
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an essential parameter in determining plant 
productivity as it determines light interception 
activities. It is also directly correlated to the RGR or 
the change in mass per day (Wood & Roper, 2000; 
Paproki et al., 2012 as cited in Pound et al., 2014; 
Koester et al., 2014). 

Thus, this study aims to assess the effects of 
SCG on the growth of Solanum lycopersicum. 
Specifically, in terms of the number of expanded 
leaves, average leaf surface area, and RGR using 
varying amounts of SCG namely 0 g, 5 g, 9 g, and 14 
g.  
 

2. METHODOLOGY 

The researchers bought tomato seeds from a 
local nursery. The seeds were first planted on seedling 
bags, each containing 30 g of topsoil from a local area 
around Silang, Cavite. The germination phase lasted 
for 41 d. Once germination is complete, one strong 
strand from each seedling bag was transplanted into 
their respective pots each containing 1 L of soil. Given 
that there were four treatments SCG-0, SCG-5, SCG-
9, and SCG-14 with 0 g, 5 g, 9 g, and 14 g respectively, 
each replicated three times, there were a total of 12 
experimental units or pots (see Fig. 1). 

All SCG used was a mixture of Coffea arabica 
and Coffea canephora beans gathered from Cafe 
Agapita on the day of application. The SCG 
treatments were applied through side-dress 
application during the second week since the plants 
were transplanted (see Fig. 2). They were furrowed 2 
in. deep and at least 2 in. away from the plant in a 
circle around each plant and covered with soil. Netting 
was also done by setting up the wooden planks apart 
from each other and covering them entirely with 0.4 
mm x 0.7 mm small mesh nets. The researchers 
introduced the SCG to the plants three times in equal 
amounts in a fifteen-day interval. 

 
 
 
 
 

The plants were examined every five days for 
45 days for the changes in the number of the expanded 
leaves, leaf surface area, and relative growth rate 
(RGR). All leaves on the plant, no matter how small, 
were counted for the number of expanded leaves. The 
researchers used ImageJ software (Fig. 3) to measure 
the leaf surface area of all leaves on each plant. This 
data was then used to determine whether there is an 
increase or decrease in the RGR of the tomato plants. 

 

3.  RESULTS AND DISCUSSION 
 

Fig. 4 shows the data on the number of 
expanded leaves collected over 45 days. The plants in 
SCG-9 have the highest number of leaves among the 
pots on the initial collection of data. However, an 
increase in the number of leaves on plants was seen 
on SCG-5 plants upon the second SCG application. 
Thus, SCG-5 garnered the highest number of leaves 
with 20 leaves leaving SCG-0 and SCG-9 with the 
second and third highest number of leaves and SCG-
14 with the least number of leaves, 19 and 16 
respectively. 
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After 15 d, a continuous increase was 
displayed by the plants in SCG-5. On the other hand, 
a slow rise in the growth of leaves in SCG-9 resulted 
in fewer leaves than SCG-0. SCG-5, followed by SCG-
0, SCG-9, and SCG-14, displayed a decreasing trend 
in its number of expanded leaves which continued 
until the end of the data collection period.  

A higher number of expanded leaves would, 
in turn, mean that SCG-5 observed the most 
considerable amount of growth (Wood & Roper, 2000). 
However, it is also worth noting that the control 
group, SCG-0, has the second-highest number of 
expanded leaves. This leaves a negative implication 
that greater amounts of SCG affect the emergence of 
leaves on the tomato plant.  

The results imply that low concentrations of 
SCG applied are more effective in plant growth. This 
is evident by the data in the number of expanded 
leaves as SCG-5 showed the most significant increase 
in the number of expanded leaves.  

 

Fig. 5 shows the average leaf surface area 
obtained on the 45th day of tomato plants grown in 
four varying SCG weights. 

Upon the last day of data collection, SCG-5 
had the highest average leaf area with a value of 2.92 
cm2. SCG-0 came second with an average leaf area of 

1.69 cm2, followed by SCG-9 with 0.77 cm2, and last 
was SCG-14 with 0.64 cm2. 
The changes in leaf surface area may be due to varying 
environmental conditions such as climate, 
topography, and soils (Trimble, 2019). However, leaf 
surface area changes are more tightly related to soil 
nutrient status, specifically C: N ratios or N 
mineralization, than climate. Considering that the C: 
N ratios in SCG are ideal for fertilizers, the SCG is 
most likely to be the cause of the changes in leaf 
surface area (Gong & Gao, 2019; Ordonez et al., 2009; 
Caetano et al., 2014). 

The plausible cause for affecting the soil 
nutrients status is overfertilization which may be 
rooted in the excessive amounts of fertilizer added at 
one time. The salinity of excessive SCG could have 
promoted the reduction of photosynthesis and an 
increase in leaf dehydration (Kozlowski et al., 1997;  
Ciesielczuk et al., 2018). Moreover, SCG may have 
caused high N-buildup in the soil that led to excessive 
vegetative growth, yet turning younger leaves into 
smaller sizes, delaying the growth of tomato plants 
(Sainju, Dris, & Singh, 2003). Thus, greater amounts 
of SCG applied resulted in lower leaf surface area 
values. 

Fig. 6 shows the total leaf surface area of 
tomato plants treated with varying amounts of SCG 
throughout 45 d. 

Fig 6. Total leaf surface area of (a) SCG-0, (b) 
SCG-5, (c) SCG-9, and (d) SCG-14. 

Table 1 summarizes the RGR of the tomato 
plants. The slope of the trendline for the total leaf 
surface area (as shown in Fig. 6) served as the RGR as 
it measures the change in total surface area, 
accounting for the mass of the plant, over the change 
in time. 

 
 
 
 
 
 

485



 
SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY

SCG-5 yielded the highest RGR among all the 
other SCG treatments with 28.4 cm2/d, followed by 
SCG-0, SCG-9, and SCG-14 with values 8.2455 cm2/d, 
1.7718 cm2/d, and 1.0098 cm2/d, respectively. 

From the data, the greater amount of SCG 
applied led to low RGR values. Factors that cause it 
may be the minerals and nutrients accumulated in the 
tomato plants as the incorporation of SCG increases 
the nitrogen, potassium, and phosphorus contents 
(Chrysargyris et al., 2020). As aforementioned in 
Section 3.2 of this paper, excess nutrient content is a 
sign of overfertilization resulting in the decline of the 
photosynthetic ability of the plant. Thus, creating 
smaller leaves, implying lower value for the mass of 
the plants, leading to the stunted growth rate of 
tomato plants. Moreover, overfertilization in potted 
plants also leads to very low or no plant growth at all 
(Woorman, 2011).  

4.  CONCLUSIONS 
Results for all parameters showed that SCG-

5 had the best plant growth results compared to SCG-
9 and SCG-14, which displayed signs of 
overfertilization. It also surpassed the growth of the 
tomato plant without any treatments of SCG, making 
SCG-5 a viable fertilizer for tomato plants. To further 
support this finding, the most appropriate amount of 
SCG to be applied from 0 to 8 g can be identified in 
order to determine the highest amount for maximum 
efficiency properly. Other stages and parameters of 
plant growth that were not assessed in this study due 
to its limitations can also be evaluated. Moreover, 
future researchers may explore different methods of 
SCG or fertilizer application as well. 

5.  ACKNOWLEDGMENTS 
The researchers wish to express their sincere 

gratitude to Dr. Kerry P. Cabral for his continuous 
efforts in imparting his knowledge and expertise in 
this topic. This research would not have been 
successful if his help was neglected. 
 
 
 
 

6.  REFERENCES  
Caetano, N. S., Silva, V. F., Melo, A. C., Martins, A. 

A., & Mata, T. M. (2014). Spent coffee grounds for 
biodiesel production and other applications. 
Clean Technologies and Environmental Policy, 
16(7), 1423-1430. https://doi.org/10.1007/s10098-
014-0773-0 

 
Cervera-Mata, A., Pastoriza, S., Rufián-Henares, J. 

A., Párraga, J., MartínGarcía, J. M., & Delgado, 
G. (2017). Impact of spent coffee grounds as 
organic amendment on soil fertility and lettuce 
growth in two Mediterranean agricultural soils. 
Archives of Agronomy and Soil Science. 
https://doi.org/10.1080/03650340.2017.1387651 

 
Chrysargyris, A., Antoniou, O., Xylia, P., Petropoulos, 

S., & Tzortzakis, N. (2020). The use of spent coffee 
grounds in growing media for the production of 
Brassica seedlings in nurseries. Environmental 
Science and Pollution Research. 
https://doi.org/10.1007/s11356-020-07944-9 

 
Ciesielczuk, T., Rosik-

Acute Toxicity of Experimental Fertilizers Made 
of Spent Coffee Grounds. Waste Biomass Valor, 9, 
2157–2164. https://doi.org/10.1007/s12649-017-
9980-3 

 
Coffee Grounds and Composting. (n.d.). Oregon State 

University. Retrieved March 20, 2021 from 
https://extension.oregonstate.edu/gardening/tech
niques/coffee-grounds-
composting#:~:text=Some%20information%20ab
out%20coffee%20grounds&text=Grounds%20are
%20not%20acidic%3B%20the,excellent%20nitrog
en%20source%20for%20composting. 

Cruz, R., Cardoso, M. M., Fernandes, L., Oliveira, M., 
Mendes, E., Baptista, P., . . . Casal, S. (2012). 
Espresso coffee residues: A valuable source of 
unextracted compounds. Journal of Agricultural 
and Food Chemistry, 60(32), 7777-7784. 
https://doi.org/10.1021/jf3018854 

 
Cubero, C. O. & Baquiran, P. B. (2017). Tomato 

production guide. Retrieved from 
http://rfo02.da.gov.ph/?smd_process_download=1
&download_id=4 93 

 
García, M., Medrano, E., Sánchez-Guerrero, M., & 

Lorenzo, P. (2011). Climatic effects of two cooling 
systems in greenhouses in the Mediterranean 
area: External mobile shading and fog system. 
Biosystems Engineering, 108(2), 133-143. 
https://doi.org/10.1016/j.biosystemseng.2010.11.0
06 

486



 
SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY

Gong, H., & Gao, J. (2019). Soil and climatic drivers of 
plant SLA (specific leaf area). Global Ecology and 
Conservation, 20. 
https://doi.org/10.1016/j.gecco.2019.e00696 

 
Jones, J. B. (2013). Instructions for growing tomatoes: 

in the garden and greenhouse. Anderson, SC: 
GroSystems. 

 
Koester, R. P., Skoneczka, J. A., Cary, T. R., Diers, B. 

W., & Ainsworth, E. A. (2014). Historical gains in 
soybean (Glycine max Merr.) seed yield are driven 
by linear increases in light interception, energy 
conversion, and partitioning efficiencies. Journal 
of experimental botany, 65(12), 3311- 3321. 
https://doi.org/10.1093/jxb/eru187 

 
Kozlowski, T. T., & Pallardy, S. G. (1997). 7 - Cultural 

Practices and Vegetative Growth. In T. T. Perry 
& S.G. Pallardy (Eds.), Growth Control in Woody 
Plants (pp. 352-393). Academic Press. 
https://doi.org/10.1016/B978-012424210-4/50007-
3 

 
Manzano, V. J., Jr., & Mizoguchi, M. (2013). Field 

Monitoring System and Analysis of Rainfall Data 
for Tomato Cropping Calendar in Batac City, 
Ilocos Norte, Philippines. Journal of Nature 
Studies, 12 (2), 11-17. 

 
Ordoñez, J. C., Bodegom, P. M., Witte, J. M., Wright, 

I. J., Reich, P. B., & Aerts, R. (2009). A global 
study of relationships between leaf traits, climate 
and soil measures of nutrient fertility. Global 
Ecology and Biogeography, 18(2), 137-149. 
https://doi.org/10.1111/j.1466-8238.2008.00441.x 

 
Pound, M. P., French, A. P., Murchie, E. H., & 

Pridmore, T. P. (2014). Automated recovery of 
three-dimensional models of plant shoots from 
multiple color images. Plant Physiology, 166(4), 
1688-1698. https://doi.org/10.1104/pp.114.248971 

 
Purbatanji, E. D., Slamet, W., Fuskhah, E., & 

Rosyida. (2019). Effects of organic and inorganic 
fertilizers on growth, activity of nitrate reductase 
and chlorophyll contents of peanuts (Arachis 
hypogaea L.). IOP Conf. Series: Earth and 
Environmental Science, 250. 
https://doi.org/10.1088/1755-1315/250/1/012048  

 
Renna, M., Durante, M., Gonnella, M., Buttaro, D., 

D’Imperio, M., Mita, G., & Serio, F. (2018). 
Quality and nutritional evaluation of regina 
tomato, a traditional long-storage landrace of 

Puglia (Southern Italy). Agriculture, 8(6), 83. 
https://doi.org/10.3390/agriculture8060083 

 
Sainju, U.M., Dris, R. and Singh, B. (2003) Mineral 

Nutrition of Tomato. Journal of Food, Agriculture 
and Environment, 1, 176-183. 

 
Savci, S. (2012). An agricultural pollutant: Chemical 

fertilizer. International Journal of Environmental 
Science and Development, 3(1), 77-80. 
https://doi.org/10.7763/IJESD.2012.V3.191 

 
Thenepalli, T., Ramakrishna, C., & Ahn, J. W. (2017). 

Environmental effect of the coffee waste and anti-
microbial property of oyster shell waste 
treatment. Journal of Energy Engineering, 26(2), 
39-49. 
https://doi.org/10.5855/ENERGY.2017.26.2.097 

 
Trimble, S. (2019, April 16). Leaf Area - How & Why 

Measuring Leaf Area is Vital to Plant Research. 
Retrieved from https://cid-inc.com/blog/leaf-area-
how-why-measuring-leaf-area-is-vital-to-plant-
research/ 

 
Wood, A. J., & Roper, J. (2000). A simple & 

nondestructive technique for measuring plant 
growth & development. The American Biology 
Teacher, 62(3), 215-217. 
https://doi.org/10.2307/4450877 

 
Woorman, G. (2011, April 27). Over-Fertilization of 

Potted Plants. PennState Extension. 
https://extension.psu.edu/over-fertilization-of-
potted-plants 

 
 
 

487


