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Abstract: Growing interest in rooftop gardening as an ecologically friendly form of
urban agriculture requires investigation of successful soil management practices to
overcome the inherent limitations associated with sandy soils, including their low
nutrient retention and water-holding capacities. The objective was to examine the
effects of different organic amendments on growth parameters, yield attributes, and
nutrient uptake of BRRI Hybrid Summer Tomato 4 (Solanum lycopersicum) under
rooftop situation by using sandy soil as the growing medium. The treatments TO
(100% Sand —Control), T1 (50% Sand + 50% Compost), T2 (50% Sand + 50% Coco
Peat), T3 (50% Sand + 50% Household Ash) and T4 (50% Sand + 50%Rice Husk)
were used. Among various treatments, T1 was proved superior to others for plant
height, fruit number, and yield per plant due to enhanced availability of nutrient and
soil structure with compost application. Altogether, T3 was proved to contain the
highest plant tissue phosphorus and potassium contents, implicating ash might be
able to stimulate specific nutrient absorption. According to these findings, using
organic materials (ash and compost) is a plausible way to increase tomato yields in
rooftop gardens, reduce the limitations of sandy substrates, and create sustainable
urban food systems by making efficient use of resources.
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INTRODUCTION

Fast urbanization and intensified competition for arable

of organic amendments have been reported to increase plant
growth and yield (Agegnehu et al, 2016). Organic
materials such as compost, coco peat, domestic waste ash,
and rice husk could increase nutrient availability, microbial

land have paved the way to the exquisite utilization of
rooftop in growing food crops as an effective means to
improve food security and to practice sustainable urban
agriculture (Orsini et al., 2014). Certainly urban farming
has been found to have potential for rooftop gardens that
aid in temperature control, air cleaning, and food
production in dense cities (Sanyé-Mengual et al., 2015).
Nevertheless, one of the major problems confronted by
rooftop agriculture is the utilization of low-quality growing
media, notably sandy soil, which has low water-holding
capacity, poor structure, and low nutrient-holding capacity
(Abdelrahman et al., 2021). Amelioration of poor physical
and chemical characteristics in sandy soils by the addition
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activity and water holding capacity of soil (Lal, 2009;
Agyarko et al., 2014). Compost addition results in
enrichment of essential nutrients and organic matter and
coco peat for better aeration and moisture holding capacity.
In addition, household ash from rice husk is rich in macro-
(potassium and phosphorus) and micronutrients (Fageria,
2012). Tomato (Solanum Iycopersicum) is an important
soil-less vegetable crop and is suitable for urban rooftop
cultivation due to nutritional and economic value. But for
high productivity on low-fertility sands, it needs careful
management of soil resources. Therefore, the goal of the
current study was to determine how different organic
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amendments combined with sandy soil affect tomato
growth, yield, and nutrient uptake in rooftop gardening.

MATERIALS AND METHODS
Experimental Duration and Site

The experiment was conducted in the summer of 2024
(April-June) on the rooftop garden of Habiganj
Agricultural University in Habiganj, Bangladesh. In order
to test organic additives for increased tomato yield in sandy
soil, this rooftop garden served as a controlled urban
setting.

» Habiganj

Figure: Experimental Site

Experimental Design and Layout

For this investigation, 15 gardening pots were deployed.
Each pot measured 1 ft (length) x 1 ft (width) x 1 ft (depth)
and resulted in uniform growing media quantities for all
treatments. Five treatments with three replicates made up
the Complete Randomized Design (CRD) used for the
investigation. There were five pots in each of the three
blocks that made up the experimental site. Within each
block treatments were randomly assigned to ensure
fairness.

Treatment Details

Five treatments were used in the study to examine the effect
of various organic amendments on tomato growth in sandy
soil:

TO (Control): 100% Sand, T1: 50% Sand + 50% Compost,
T2: 50% Sand + 50% Coco Peat, T3: 50% Sand + 50%
Household Ash, T4: 50% Sand + 50% Rice Husk

These treatments were selected to evaluate their
comparative influence on the growth and yield of tomato
under nutrient-deficient sandy conditions.

Test Crop and Planting

Test crop The test species for the experiment was BRRI

Hybrid Summer Tomato 4 (Solanum lycopersicum) a very
high yielding hybrid variety suited well for summer in
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Bangladesh. 25-day-old, healthy and uniform seedlings
were transplanted into pots, 1 seedling per pot.

Crop Management and Harvest

All the pots were ensured with uniform and proper care of
watering, staking, pest management, and other intercultural
operations according to general agronomic practices. The
tomato plants were kept until maturity and when the fruits
were in full physiological maturity, they were harvested.

RESULTS AND DISCUSSION

Table 1. Effect of Organic Amendments in Sandy Soils on
Increasing Tomato Yield

Treatments | Plant height | Fruit/ Yield/plants
(cm) plants (kg)
TO 40+0.28d 1540.65¢ 0.5+0.32¢
T1 76+0.54a 2740.30a 1.08+0.12a
T2 57+0.34b 21+47b 0.7+0.29b
T3 55+0.21b 17+44bc 0.724+0.21b
T4 50+0.25¢ 18£31c 0.69+0.23b
P Value 0.000 0.000 0.010

At the five percent significance level, figures in a column
with similar letters do not differ significantly; SE (£) is the
standard error of means; p is the probability. The treatments
are: TO: Control (100% Sand), T1: 50% Sand + 50%
Compost, T2: 50% Sand + 50% Coco Peat, T3: 50% Sand
+ 50% Household Ash, T4: 50% Sand + 50% Rice Husk.

The results showed significant differences (p < 0.05)
between the treatments in terms of plant height, number of
fruits per plant, and yield per plant (kg), indicating that the
type of growing media had a substantial impact on the
crop's growth and yield metrics. (Table 1)

Plant Height:

The maximum plant height was recorded under T1 (50%
Sand + 50% Compost) with an average value of 76 + 0.54
cm, which was significantly different from all other
treatments. This can be due to better nutrient availability
and water holding capacity of compost, which lead to
increase in vegetative growth. The control (T0: 100% Sand)
had the lowest plants (40 + 0.28 cm), which may be
associated with the poor nutrient retention of sand.
Treatments T2 (57 + 0.34 c¢cm) and T3 (55 £ 0.21 cm)
presented intermediate means that did not significantly
differ from each another. T4 (50 = 0.25 cm) also
demonstrated slight improvement over control.
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Fruits per Plant:

The highest fruit per plant (27 + 0.30) was noted in T1, and
T 2 (21 £ 47) and were significantly higher than that of
control (15 + 0.65). The better performance of the roots in
Tl and T2 can be indicted again to a better root
development and nutrient intake in organic amendments
such as compost and coco peat.

Yield per Plant (kg):

Plant yield also performed the same pattern. T1 produced
the highest yield (1.08 + 0.12 kg), which was higher than
yield of all other treatments. Yield was similar in T2, T3,
and T4, which ranged from 0.69 to 0.72 kg, and were all
greater than the control (0.5 + 0.32 kg) and less than the T1.
Better performance of T1 was due to improved soil
structure, microbial activity and nutrient availability under
compost leading to better growth and development of
plants.

It was observed that the 50% sand with 50% compost (T1)
was the best growing media for the enhancement of plant
height, number of fruits and yield. Compost seems to also
provide a balanced nutrition and enhance the physical
properties of the growing media and it might be very
appropriate for crop growth. The control treatment (100%
sand) was always the worst in all evaluated parameters, as
organic fertilization is fundamental to improve growth and
supplying the teeth with nutrients.

Table 2. Effect of Organic Amendments in Sandy Soils
(Nutrient Concentration)

Treatment | Nitrogen Phosphorus Potassium

s Concentratio | Concentratio | Concentratio
n (%) n(mgkg') | n(mgkg")

TO 0.03+£0.001c | 6+0.43c 9+1.22¢

T1 0.11+0.02a 10+0.10ab 10+1.03bc

T2 0.05+0.02b 7+0.08¢c 11+0.54b

T3 0.04+0b 12+0.33a 21+1.43a

T4 0.03+0.05¢ 6.5+0.12¢ 9+2.07¢

P Value 0.003 0.000 0.010

At the five percent significance level, figures in a column
with similar letters do not differ significantly; SE (+) is the
standard error of means; p is the probability. The treatments
are: TO: Control (100% Sand), T1: 50% Sand + 50%
Compost, T2: 50% Sand + 50% Coco Peat, T3: 50% Sand
+ 50% Household Ash, T4: 50% Sand + 50% Rice Husk.

The nutrient concentrations (Nitrogen, Phosphorus, and
Potassium) in plant tissues were significantly influenced by
the different growing media (p < 0.05), indicating that the
type of amendment used had a substantial effect on nutrient
uptake by the plants (Table 2).
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Nitrogen Concentration (%)

Maximum nitrogen content was recorded in T1 (50% Sand
+ 50% Compost) 0.11 + 0.02% that significantly differed
with all other treatments. This finding suggests that both
available nitrogen and the efficiency of nitrogen uptake
could be enhanced by a compost. T2 (0.05 + 0.02%) also
gave significantly better result than the control, perhaps due
to coco peat’s water holding capacity and medium nutrient
holding capacity. Nitrogen in T3 and T4 was not
significantly different from the control (T0) with the least
nitrogen level (0.03 £ 0.001%), indicating the low fertility
of 100% sand and the little nitrogen contribution of ash and
rice husk in the short run.

Phosphorus Concentration (mg kg™)

The treatment had significant effect on phosphorus content.
The maximum value was observed in T3 (50% Sand + 50%
Household Ash) with 12 + 0.33 mg kg and it differed
significantly from other treatments and the control. This
may be due to the naturally high content of phosphorus in
the ash. T1 (10 = 0.10 mg kg™) also presented a significant
agro-industrial waste effect, mainly with the phosphorus
from compost. TO, T2, and T4, however, had significantly
less phosphorus, indicating that such amendments were less
efficient for the enhancement of phosphorus availability.

Potassium Concentration (mg kg™)

Also a difference emerged concerning the potassium
content. In the fruits, the highest potassium concentration
was observed in those from T3 (21 + 1.43 mg kg™), which
was higher than all other treatments. This finding is in line
with the relatively high potassium content of domestic ash.
Levels of potassium were moderate in T2 (11 + 0.54 mg
kg) and T1 (10 + 1.03 mg kg™*), but the minimum content
were in TO and T4 (9 + 1.22 and 9 + 2.07 mg kg,
respectively).

The findings of this study show the positive impact of
organic amendments on sandy soils towards the growth,
yield and nutrient concentrations of tomato plants in
rooftop gardens. Application of 50% compost + 50% sand
(T1) was found to be the best in terms of number of fruits
per plant, plant height, and total yield compared with all the
treatments. This is in agreement with study carried out by
Agegnehu et al. (2016), who mentioned that beneficial
effects of compost application in soil may be associated
with the increase in nutrient half-lives, microbial activities,
as well as better soil properties that support increased plant
production. The high performance of compost incorporated
soil (T1) may be due to the higher organic matter content of
compost which improved the soil water retention and
provided essential nutrients such as N, P and K (Agyarko et
al., 2014). This conclusion is further supported by the
higher N uptake in T1, which is an essential nutrient for
vegetative growth and fruit development of tomato
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(Fageria, 2012). Household ash (T3) although did not give
similar effects asthose obtained with compost on the overall
growth and yield, however, caused significantly
enhancement in phosphorus and potassium uptake. This
was corroborated by Zorb et al. (2014) found that ash could
be abundant in P and K and thus, useful for nutrient-poor
sandy soils. However, the low level of nitrogen in T3-
treated plants implies that ash alone is not capable of
providing the balanced nutrition due to low nitrogen

supply.

The findings of the study clearly indicate that among the
tested growing mediums used, compost proved to be the
most impactful amendment for boosting tomato yields in
rooftop sandy soil gardens, likely owing to its balanced
nutritional composition and positive influence on soil
structure formation. Coco peat (T2) also promoted
significantly greater growth and yields relative to the
control group, attributable to its high water retention
capacities and moderate contributions to nutrient supply
(Abad et al., 2005), rendering it a suitable option for water-
deficient rooftop environments. Though less potent than
compost, rice husk (T4) showed some marginal betterments
beyond the control, potentially due to its slow
decomposition rates and inherently lower nutrient contents
(Zhang et al., 2012), with advantages possibly becoming
more evident over longer time periods as organic matter
accumulates within the soil profile. The results suggest that
while compost remains the most advantageous standalone
amendment, other materials such as ash could serve as
valuable supplements chiefly for phosphorus and potassium
enrichment when deployed jointly. Overall, the study
underscores the importance of judiciously selecting organic
amendments based on their nutrient profiles and
appropriateness to unique urban environmental settings.

CONCLUSION

The current study's findings unequivocally shown that, in
sandy soil used for rooftop gardening, organic amendments
significantly improved tomato plant growth, yield, and
nutrient uptake. Because of its enhanced nutrient status, soil
structure, and moisture conservation efficiency, the 50:50
sand:compost (T1) component was the most effective at
increasing plant height, fruit count, and yield. Tissue P and
K were considerably raised by biochar (T3), suggesting that
T3 may be used as a secondary amendment to improve
nutrient availability. Furthermore, compost outperformed
coco peat (T2) and rice husk (T4) in terms of plant
appearance compared to the control treatment.

These findings emphasize the need for the adequate choice
of organic matter used in UA (especially in a sandy
artificial soil such as the ones used in the RHs) that would
not lead to an increase in N2O emissions. Adding compost
not only boosts tomato productivity, but is an eco-friendly
approach to recycling to maintain soil productivity.
Therefore, the combination of compost (with or without

DOI: https://doi.orq/10.55706/jae1815

Journal of Agroforestry and Environment 2025, 18(2):8-12

ash) may provide a better management tool for enhancing
rooftop vegetable productivity in space-limited urban areas.

Acknowledgement

The authors are appreciative of the special funding
provided by the Habiganj Agricultural University Research
System.

Conflict of Interest

No conflicts of interest have been declared by the writers.

REFERENCES

Abad, M., Noguera, P., Bures, S. (2005). National assessment of
organic wastes for use as growing media for ornamental
potted plant production in Spain. Bioresource Technology,
96(7), 739-745.
https://doi.org/10.1016/j.biortech.2004.06.015

Abdelrahman, H.A. Salem, A.ZM. & Ahmed, H.E (2021).
Enhancement of sandy soil properties and maize crop
productivity for organic amendments: A review. In E.
Lichtfouse (Ed.), Sustainable Agriculture Reviews, 46: 151—
170). https://doi.org/10.1007/978-3-030-73797-6_4

Abdel-Razzak, H. S. and G. A. El-Sharkawy (2013). Fertisa and
his's effect on growth, yield, and quality of tomato plants."
Journal of Horticultural Science & Ornamental Plants, 5(3),
171-176.

Agegnehu, G., Nelson, P. N., & Bird, M. L. (2016). Plant yield,
nitrogen and phosphorus uptake and soil physicochemical
properties as influenced by organic soil amendments: A meta-
analysis. Soil & Tillage Research, 160, 1-13.
https://doi.org/10.1016/j.5ti11.2016.01.010

Agyarko, K., Asante, W. J., & Aboagye, L. M. (2014). Biochar
addition for enhancing fertility and productivity of rice in
Ghana. International Journal of Agriculture and Forestry, 4(5),
365-370. https://doi.org/10.5923/].ijaf.20140405.04

Fageria, N. K. (2012). The function of nutrients for the growth and
yield of plants. CRC Press. https://doi.org/10.1201/b12293

Goyal, S., Chander, K., Mundra, M. C., and Kapoor, K. K. (1999).
Effect of inorganic fertilizers and organic amendments on soil
organic matter and soil microbial properties under tropical
conditions. Biology and Fertility of Soils, 29(2), 196-200.
https://doi.org/10.1007/s003740050540

Islam, M. S., and Rahman, M. A. 2020. Impact of compost,
vermicompost and cow dung on the growth and yield of
tomato in roof top gardening. Bangladesh Journal of
Agricultural Research, 45(4), 363 -375.
https://doi.org/10.3329/bjar.v45i4.50707

Kumar, A., & Verma, J. P. Organic inputs and their use to
increase the growth of tomato and soil microbial communities.
Soil & Tillage Research, 182, 61-70.
https://doi.org/10.1016/j.stil1.2018.05.001

Lal, R. (2009). Decrease of crops and humanism malnutrition due
to soil destruction. Food  Security, 1, 45-57.
https://doi.org/10.1007/s12571-008-0006-5

Mahmood, A., & Athar, M. (2011). Food and Environmental
Security: Rooftop Gardening in Urban Manila. African
Journal of Agricultural Research, 6(30), 6316-6321.

Vol 1(1) 11 Mahmoud, R. S., & El-Kader, A. A. (2015). Influence
of compost and biochar on the growth parameters and soil

11


https://doi.org/10.55706/jae1815

Siddiki et al.

characteristics of tomato under sandy soil. International
Journal of Advanced Research, 3(5), 977-985.

Orsini, F., Gasperi, D., Marchetti, L., Piovene, C., Draghetti, S.,
Ramazzotti, S.,... & Gianquinto, G. (2014). Investigating the
potential of rooftop gardens (RTGs) for local urban food
production: Bologna, Italy as a test city. Renewable
Agriculture and Food  Systems, 29(2), 147-158.
https://doi.org/10.1017/S1742170512000382

Saha, P. K., & Khan, M. H. R. (2010). Influence of organic
manures on productivity of tomato. Journal of Agroforestry
and Environment, 4(2), 129-132.

Sanyé-Mengual, E., Oliver-Sola, J., Montero, J. I. & Rieradevall,
J. (2015). Environmental and economic Life Cycle
Assessment of rooftop greenhouses (RTG) implementation in
Barcelona, Spain. Agricultural Systems, 138, 1-11.
https://doi.org/10.1016/j.agsy.2015.04.003

DOI: https://doi.orq/10.55706/jae1815

Journal of Agroforestry and Environment 2025, 18(2):8-12

Taufiq, A., Wahyuni, W.,.Rachman, A. (2022). Rice husk and
cocopeat mixed substrate: growing media for tomato
(Solanum lycopersicum) in urban farming. IOP Conference
Series: Earth and Environmental Science, 980(1), 012040.
https://doi.org/10.1088/1755-1315/980/1/012040

Zhang, A., Bian, R., Pan, G., Cui, L., Hussain, Q., Li, L.,... &
Chang, A. (2012). Impacts of biochar amendment on soil
quality, crop yield and greenhouse gas emission in a Chinese
rice paddy: A field study of 2 consecutive rice growing cycles.
Agriculture, Ecosystems and Environment, 139, 469-475.
https://doi.org/10.1016/j.agee.2010.09.003

Zorb, C., Senbayram, M., & Peiter, E. (2014). Potassium in
AgricultureStatus and Perspectives. Journal of Plant
Physiology, 171 9), 656—669.
https://doi.org/10.1016/.jplph.2013.08.008656—669.

12


https://doi.org/10.55706/jae1815

