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Open vertical farms: a plausible system in increasing toma-
to yield and encouraging natural suppression of whiteflies

Abstract: This study evaluated the effectiveness of open 
vertical farming in increasing tomato yield and also recruit-
ing the presence of ecological service providers in the control 
of whiteflies. The experiment compared the horizontal farm-
ing approach to novel outdoor vertical farm design. Using 
both raised and flatbeds to represent horizontal farm, tomato 
plants were grown in a spacing of 3.6 and 2.4 m2 respectively 
while the vertical farm covered a land space of 1.8 m2 hav-
ing three arrays with array 1 at ground level, array 2 and 3 
were elevated at 110 and 220 cm high respectively. Data col-
lected included the numbers of Bemisia tabaci (Gennadius, 
1889) and predatory spiders and; tomato fruit yield (g). Re-
sults indicated that the mean number of predatory spiders in 
the vertical farm from 6 – 10 weeks after transplanting were 
able to supress B. tabaci populations when compared to the 
horizontal farm. The total fruit yield harvested indicated that 
the vertical farm produced more tomato fruit yield compared 
to the horizontal farm. It is plausible that the practice of out-
door vertical farming may be a step approach solution to land 
shortages and also a sustainable system for integrated pest 
management.

Key words: Vertical farm; Bemisia tabaci; predator-prey 
interaction; biological control; tomato; insect pest

Navpični način gojenja: racionalen sistem za povečanje pri-
delka paradižnika in vzpodbuda za sonaravno zatiranje to-
bačnega ščitkarja

Izvleček: V raziskavi je bilo ovrednoteno gojenje para-
dižnika v navpičnem sistemu z namenom povečanja pridelka 
in kot način ekološkega uravnavanja tobačnega ščitkarja. V 
poskusu sta bila primerjana dva načina gojenja in sicer obi-
čajen vodoraven in navpičen sistem gojenja na prostem. Pri 
vodoravnem načinu gojenja so bile uporabljene visoke in na-
vadne grede, kjer je posamezna rastlina paradižnika pokrivala 
3,6, oziroma 2,4 m2. Pri navpičnem načinu gojenja je posa-
mezna rastlina zavzemala 1,8 m2 v treh višinah in sicer na 
tleh (1), na višini 110 cm (2) in 220 cm (3). Parametri, ki so 
bili merjeni so obsegali število osebkov škodljivca (Bemisia 
tabaci (Gennadius, 1889) in predatorskih pajkov ter pridelek 
paradižnika (g). Rezultati so pokazali, da je številu predator-
skih pajkov v navpičnem sistemu gojenja v 6 do 10 tednih po 
sadnji bolje uspelo zatreti populacijo škodljivca v primerjavi 
z vodoravnim načinom gojenja. Tudi celokupen pridelek pa-
radižnika je bil pri navpičnem načinu gojenja večji kot pri 
vodoravnem. Iz izsledkov lahko zaključimo, da je gojenje pa-
radižnika v navpičnem načinu gojenja na prostem racionalen 
korak pri reševanju pomanjkanja zemljišč kot pri trajnostnem 
uravnavanju škodljivcev.

Ključne besede: navpišni način gojenja; Bemisia ta-
baci; interakcija plenilec-plen; biološki nadzor; paradižnik; 
škodljive žuželke
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1 INTRODUCTION

Food insecurity is fast becoming an increasingly 
vital matter worldwide (Al-Kodmany, 2018). It has been 
predicted that the urban population will constantly rise 
in the coming decades. At the same time, land experts 
(i.e., ecologists, agronomists, and geologists) warn of in-
tensifying shortages of farmland (Corvalan et al., 2005; 
Healy and Rosenberg, 2013; Thomaier et al., 2015). With 
a rapidly expanding population and changing climate, 
pressures on food production systems are expected to 
increase in the coming years (FAO, 2018). Traditional 
farming methods cannot produce enough food to feed 
the world’s growing population and may fail in future 
(Despommier, 2013, Touliatos et al., 2016; Muller et al., 
2017). Therefore, there is urgently the need for trans-
formative solutions in food production. Vertical farm-
ing has been proposed as a way out in addressing the 
problem of farmland shortages because of its promises 
in maximizing small spaces to grow more crops and 
its sustainability to the environment (Corvalan et al., 
2005; Despommier, 2014; Healy and Rosenberg, 2013; 
Thomaier et al., 2015) although, the effects it has on dif-
ferent insect pest complex is still not fully studied. 

Herein, we examined how outdoor vertical farm-
ing might be used to increase yields and also in the sus-
tainable management of insect pests by investigating 
the fruit crop tomato which easily adapts to this tech-
nique. Tomato, having lots of culinary and nutritional 
benefits is attacked by different pests a major of which 
are the whiteflies (Varela et al., 2003; Waiganjo et al., 

2006). Whiteflies are highly polyphagous and are also 
known vectors of the tomato yellow leaf curl viruses 
(TYLCV) (Scholthof et al., 2011). The whitefly Bemi-
sia tabaci (Hemiptera: Aleyrodidae) larvae produces 
honeydew on which sooty moulds grows, reducing 
the photosynthetic capabilities of the plant and result-
ing in defoliation and stunting (European and Medi-
terranean Plant Protection Organization, 2004). The 
primary method used to control the insect pest is by 
the application of insecticides which unfortunately be-
ing practiced mainly in traditional horizontal farming 
has led to the development of resistance to numerous 
types of insecticides, reduction of beneficial arthropods 
and causing negative impacts on human health and the 
environment at large (Denholm et al., 1998; Matthews, 
2008). 

Natural enemies are helpful in curtailing the de-
structiveness of the insect pest with previous reports 
on predators such as wasps, lacewings, mites and also 
spiders effective in bringing whitefly population down 
(Gerling, 2001). Although, with limited information on 
its application and implication in vertical farming ap-
proach (Roberts et al., 2020). It is also not clear if the 
technique of vertically growing crops outdoors could 
be useful in checking the population of B. tabaci by 
natural intervention of predators as observed in other 
farming practices. Therefore, the current study is an at-
tempt to answer the following questions: Can outdoor 
vertical farms increase the yields of crops?, and, would 
it be sustainable enough to support natural suppression 
of key insect pests?

Fig. 1: Schematic diagram of the open-air vertical structure used for this experiment 
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2 MATERIALS AND METHODS

2.1 STUDY SITE

The study was conducted at the Department of 
Agronomy, Faculty of Agriculture, University of Ilorin 
(latitude 8o29’9N and longitude 4o35’38E), Kwara State. 
This area is located in the Southern Guinea Savannah 
Ecological Zone of Nigeria. The area was characterized 
by a bimodal rainfall with peaks in June and Septem-
ber and an annual rainfall between 1000-1240 mm. The 
study was carried out from December 2016 to March 
2017. 

2.2 ARRANGEMENTS FOR THE HORIZONTAL 
AND VERTICAL FARMS

The flatbeds were made in a size of 150 cm × 160 
cm (2.4 m2) each with an inter-bed spacing of one me-
tre (1 m). The plot spacing for each raised bed was 240 
× 150 cm (3.6 m2) with an inter-bed spacing of one me-
tre (1 m). The vertical farm was built using open-air 
vertical structures (Fig. 1) 3.2 m high using 8 cm wide 
and 5 cm thick wood (Garg and Balodi, 2014). It was 
built in a spacing of 120 × 150 cm (1.8 m2) with an inter 
vertical farm spacing of 1 m apart. 

2.3 TREATMENTS AND EXPERIMENTAL DE-
SIGN

The experiment was laid out in a randomized com-
plete block design with four replicates. The horizontal 
farm was made into two types of beds; raised beds and 
flatbeds, these served as the treatments in the horizon-
tal farm. While the vertical farm was made having three 
arrays; with Array 1 at ground level (GL), Array 2 at 110 
cm high and Array 3 at 220 cm high and these served as 
treatments in the vertical farm.

2.4 LAND PREPARATION AND PLANTING ON 
THE HORIZONTAL AND VERTICAL FARMS

The raised and flatbeds in the horizontal farm were 
prepared on farmland previously cultivated for tomato 
having sandy loam soil that was well drained. The to-
mato variety used for this study was UC82B packaged 
and supplied by the trademark company Technisem. 
Tomato seedlings were grown in the nursery in a screen 
house and were transplanted 4 weeks after sowing on 
the horizontal farm at a spacing of 50 × 80 cm on both 

beds according to the manufacturer’s spacing instruc-
tion, with each bed containing a total of twelve tomato 
seedlings and 36 seedlings for the three replicates per 
bed type. In the vertical farm, tomato seedlings were 
transplanted from the nursery into 7 litre buckets with 
a diameter of 25 cm and a height of 23 cm filled with 
sandy loam soil with also history of tomato cultivation. 
Each vertical array contained twelve (12) buckets with a 
total of thirty-six (36) buckets per vertical farm and 108 
buckets for the three replicates. Tomato seedlings that 
were introduced to the third array of a growing height 
of 220 cm high were gradually introduced to this height 
from ground level to 110 cm high and finally to 220 cm 
high within four days interval. 

At 2 weeks after transplanting (WAT), tomato seed-
lings were lightly pruned by cutting off a few branches 
to encourage its growth and acclimation in both the 
vertical and horizontal farm. N.P.K (15-15-15) fertilizer 
was applied at the rate of 120 kg ha-1 3WAT to boost 
the growth of the crops in both farms. The fertilizer was 
applied by ring placement into drills 5 cm deep and 7 
cm away from the plant and covered with soil (Olaniyi 
et al., 2010). Watering of tomato was done daily in both 
the vertical and the horizontal farm at 8:00 am using a 
watering can. 

2.5 COLLECTION AND IDENTIFICATION OF 
ASSOCIATED ARTHROPODS

Adult whiteflies were collected using aspirator and 
yellow sticky traps while a x10 magnifying lens was 
used for the observation of the presence of puparia or 
pupal cases underneath tomato leaves before taking leaf 
samples for viewing under a stereo microscope. All col-
lected whitefly samples were identified to the species 
level on the basis of morphological characters of adults, 
puparium and/or pupal case (Simala et al., 2009). 

The observed spiders in this experiment were not 
identified to species, genus, nor family level due to the 
lack of taxonomist specialized in arachnology in the 
country hence difficulties were experienced in speciat-
ing spiders. 

2.5.1 Data collection

Nine (9) tomato plants were selected at random 
from each replicate from both the horizontal and ver-
tical farm and data was collected for the number of 
adult whiteflies, predatory spiders and total fruit yield 
(g). The numbers of whiteflies were estimated by divid-
ing the crop canopy into three layers: upper (> 40 cm), 
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intermediate (20-40 cm) and lower (0-20 cm) and se-
lecting five leaves from each layer per plant which were 
gently turned over to the abaxial side to count the total 
number of adult whiteflies (Sequeira and Naranjo, 2008; 
López et al. 2010). This was performed from 7:30-9:30 
am. Numbers of spiders were estimated by counting the 
total number of spiders seen per crop. This was carried 
out from 7-9:30 pm when spiders were observed to be 
very active and could be easily spotted with a flashlight. 
The number of B. tabaci on the tomato plants in both 
the vertical and horizontal farm were determined to 
have reached action threshold when above 5 of the in-
sect were counted per leaf according to Ellsworth and 
Martinez-Carrillo (2001). Tomato fruits harvested from 
both farms at the end of the experiment were measured 
on a weighing scale calibrated in grams. 

2.5.2 Data Analysis

Data was presented in mean and standard error 
of mean (SEM) and significant differences between 
means were separated according to Kruskal-Wallis one-
way analysis of variance by allocating ranks to means. 
Spearman correlation analysis was done to determine 
the association between population of spiders, B. tabaci 
and fruit yield using SPSS 20th Edition.

3 RESULTS

3.1 Bemisia tabaci ON BOTH HORIZONTAL AND 
VERTICAL FARMS

Table 1 shows that the infestation of B. tabaci 
started at 1 week after transplanting (WAT) in both the 
horizontal and vertical farms with the flatbed having a 
significantly (H (4) = 11.500, p = 0.021) higher mean 
number of 12.81. There were no significant differences 

between the mean rank of B. tabaci in both the horizon-
tal and vertical farms from 2 to 4 WAT. The horizontal 
farm, on the other hand, reached its peak population of 
B. tabaci at 5 WAT in the flat bed with a mean number 
of 14.69 (H (4) = 11.360, p = 0.023) and 9 WAT in the 
raised bed with a mean population of 13.35 (H (4) = 
13.745, p = 0.008) significantly higher than the vertical 
farm (Table 1). Throughout the experiment, the hori-
zontal farm experienced the most numbers of B. tabaci 
adults affecting tomato plants when compared to the 
vertical farm as seen in Table 1.

3.2 SUPPRESSION OF Bemisia tabaci BY SPIDERS 

Table 2 shows that there were no significant differ-
ences between the mean rank numbers of the predatory 
spiders observed at 3 (H (4) = 6.222, p = 0.183) and 4 
(H (4) = 8.038, p = 0.090) WAT in both the vertical and 
horizontal farms. Even though a significant population 
of predatory spiders was observed at 5 WAT (H (4) = 
10.678, p = 0.030) in the vertical farm, it was not able 
to bring the population of B. tabaci below the action 
threshold (Tables 1 and 2). 

Tables 1 and 2 also revealed that biological sup-
pression by natural intervention of spiders (Fig. 2) was 
initially achieved only in the vertical farm at 6 WAT 
and started with the mean spider number of 13.00 in 
Array 3 significantly (H (4) = 12.616, p = 0.013) able 
to bring down the population of B. tabaci to the mean 
number of 0.00 (Table 1). This continued further as the 
number of spiders gradually increased in the vertical 
farm from 7 to 10 WAT and reached its peak at 10 WAT 
in array 3 with the mean number of 35.00 which was 
highly significantly (H (4) = 12.994, p = 0.011) effec-
tive in suppressing the population of B. tabaci below 
the action threshold when compared to the horizontal 
farm which was above it throughout the period of the 
experiment (Table 1 and 2), this was as a result of the 

Farm Type

Population of B. tabaci in horizontal and vertical farms (WAT)

1 2 3 4 5 6 7 8 9 10

Horizontal Raised bed 9.15d 8.61c 7.26b 11.75e 13.22d 9.54d 8.28b 9.51c 13.35c 8.84b

Flat bed 12.81e 9.75d 10.64d 10.51c 14.69e 11.84e 9.12c 7.04b 9.38b 10.80c

Vertical Array 1 8.72c 7.75b 13.79e 6.54a 7.64c 4.99c 0.00a 0.00a 0.00a 0.00a

Array 2 6.52b 7.68a 6.96a 8.87d 7.38b 3.73b 0.00a 0.00a 0.00a 0.00a

Array 3 5.30a 11.00e 8.08c 6.33b 5.80a 0.00a 0.00a 0.00a 0.00a 0.00a

SEM 0.82 0.50 1.44 1.35 1.24 1.05 1.28 0.98 0.60 0.61

Table 1: Number of Bemisia tabaci on the vertical and horizontal farm

Superscripts within column indicates mean rank number according to Kruskal-Wallis Test, with a = rank 1, b = rank 2, c = rank 3, d = rank 4 
and e = rank 5; 1 being the lowest to 5 the highest rank, SEM = Standard error of mean
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significantly low numbers of spiders recorded in the 
horizontal farm which were less than that of the verti-
cal farm as shown in Table 2.

3.3 MASS OF TOMATO FRUIT YIELD IN HORI-
ZONTAL AND VERTICAL FARM 

The total tomato fruit yield (g) harvested from 
both the horizontal and vertical farms are shown in 
Table 3. There was no significant (H (4) = 7.767, p = 
0.101) differences between the vertical and the horizon-
tal farm. Further observations on the mean rank of the 
fruit mass indicated that array 3, array 2 and array 1 
of the vertical farm had the highest tomato fruit mean 
mass of 67.10, 61.20 and 55.10 respectively when com-
pared to the horizontal farm (Table 3).

3.4 CORRELATION BETWEEN NUMBER OF B. 
tabaci, NUMBER OF SPIDERS AND FRUIT 
YIELD 

Significantly negative correlation (Rs = -0.999) was 
observed between the number of spiders and the num-
ber of B. tabaci in the vertical farm as shown in Table 4. 
The horizontal farm, on the other hand, the numbers of 
spiders observed did not have a significantly negative 
correlation effectively enough to reduce the population 
of B. tabaci (Rs = -0.318) compared to the vertical farm. 

Table 4 also showed that the fruit yield in both 
the horizontal and vertical farm was affected by the 
population of B. tabaci having a negative correlation of 
-0.28 and -0.813 respectively. However, the correlation 
of the number of spiders in the vertical farm with the 
fruit yield (Rs = 0.806) showed that the presence of the 
spiders positively influenced the fruit yield in the verti-

cal farm compared to the horizontal farm which had a 
negative correlation of -0.256 in its fruit yield as seen 
in Table 4.  

4 DISCUSSION

The current study is a novel approach in indicating 
the usefulness of outdoor vertical farming technique in 
sustainable crop production. Despommier as described 
by Corvalan et al. (2005) and Al-Kodmany (2018) 
hinted that vertical farming system will succeed only if 
they function by imitating natural ecological processes. 
The outdoor vertical farming system could be useful in 
supporting the practice of growing crops organically. 
The design allows for the natural use of sunlight and 
also encourages the natural interactions with ecologi-
cal service providers as observed in this research. The 
experiment indicated that spiders acted as positive ser-
vice providers in terms of natural suppression against 
whiteflies affecting tomato grown using open-air verti-
cal farms. The technique of outdoor vertical farm un-
like the indoor ultra-modernized versions allows for 
the interaction of plants with beneficial arthropods. 
Plants’ evolutionary response to pest damage is to emit 

Farm Type

Population of predatory spiders in horizontal and vertical farms (WAT)

3 4 5 6 7 8 9 10

Horizontal Raised bed 0.00a 0.33a 0.00a 0.67a 1.00b 1.00b 6.30b 0.00a

 Flat bed 0.00a 0.33a 0.33b 0.67b 1.70a 0.30a 4.30a 0.00a

Vertical Array 1 0.00a 0.33a 9.33e 5.00c 15.00c 21.00c 23.70e 16.30b

Array 2 0.67c 1.00b 7.67c 10.33d 20.30d 22.30d 21.70d 20.00c

Array 3 0.33b 3.33c 8.67d 13.00e 34.00e 27.00e 21.00c 35.00d

SEM 0.19 0.73 1.25 1.10 4.02 2.49 3.61 2.31

Table 2: Number of predatory spiders on the vertical and horizontal farm

Superscripts within column indicates mean rank number according to Kruskal-Wallis Test, with a = rank 1, b = rank 2, c = rank 3, d = rank 4 
and e = rank 5; 1 being the lowest to 5 the highest rank, SEM = Standard error of mean

Farm Type Mass of tomato fruit (g)

Horizontal Flat bed 16.90a

Raised bed 30.50a

Vertical Array 1 55.10a

Array 2 61.20a

Array 3 67.10a

SEM 14.03

Table 3: Mass of tomato fruits (g) in both horizontal and 
vertical farms
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a unique chemical signal known as herbivore induce 
plant volatiles- a distress signal to recruit the services of 
predatory arthropods who feed off these pest (Karban 
and Baldwin, 1997; Thaler, 1999; Kessler and Baldwin, 

2001; Lou et al., 2006; Pickett et al., 2006). This study 
positively indicated that the ability of crops to emit this 
substance is not restricted using open vertical farming 
techniques. The vertical farm created a favourable niche 

Figure 2: Showing presence of spiders in the vertical farm. Pictures a, b: green spiders observed using camouflage to hunt for 
preys; pictures c, d: two different species of spider on their web to capture prey

Horizontal farm Vertical Farm 

BTH SPH BTV SPV

Horizontal farm BTH     -     -    -    -

SPH -0.318     - -0.788    -

FYH -0.28 -0.256  0.693 -0.699

Vertical farm BTV  0.363     -    -    -

SPV -0.333  0.802 -0.999**    -

FYV -0.083  0.303 -0.813  0.806

Table 4: Correlation between no. of B. tabaci, no. of spiders and fruit yield in the vertical and horizontal farm

*Correlation is significant at the 0.05 level (2 tailed), ** Correlation is significant at the 0.01 level (2-tailed)
BTH=B. tabaci horizontal farm, BTV= B. tabaci vertical farm, SPH= Spiders horizontal farm, SPV= Spiders vertical farm, FYH= Fruit yield 
horizontal farm, FYV= Fruit yield vertical farm, - = no correlation
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for the increase in the population of spiders by having 
adequate platforms where spiders could set up webs 
and could easily move around to reach and capture 
their prey within the varying heights (Jayakumar and 
Sankari 2010). Spiders, being a carnivorous arthropod, 
typically preying on insects, positively provided an im-
portant service in keeping the population of B. tabaci 
below the action threshold by natural intervention in 
the vertical farm in all three arrays (Marshall, 2006; Oy-
eniyi and Oyeseyi, 2014).

Sahu et al. (1996) and Jayakumar and Sankari 
(2010) studied the predatory efficiency of spiders in the 
suppression of pests in some field crops. In their study, 
there was no comparison to different growing heights 
to the predatory potential of spiders as shown in this 
research that growing heights using vertical farm could 
also be resourceful in influencing the increase of spi-
ders to control pests. Correlation analysis also revealed 
that the rise in the population of spiders has a strong 
effect in suppressing the population of B. tabaci in the 
vertical farm when compared to the horizontal farm. 
The increased population of spiders in the vertical 
farm limited the population of whiteflies (Jayakumar 
and Sankari, 2010). The practice of vertical farming is 
considered to promote sustainable agricultural prac-
tices more than that adopted by conventional farming 
method (horizontal farm), which refers to large scale, 
outdoor agriculture that embraces techniques that en-
gage heavy irrigation, intensive tillage and excessive use 
of fertilizers, and pesticides (Despommier, 2007; Healy 
and Rosenberg, 2013).

The fruit yield data collected from both the ver-
tical and horizontal farm indicated that even though 
the horizontal farm produced fruit yield that was not 
significantly different from the different arrays of the 
vertical farm, the same was not enough yield in com-
parison to the vertical farm that gave better fruit yield. 
The increased fruit yield harvested from the vertical 
farm may be due to the ability of the farm to grow crops 
in arrays in limited space by stacking crops above each 
other which is an advantage over the horizontal farm-
ing method that makes use of huge expanse of land 
(Garg and Balodi, 2014; Hossain et al., 2015). With a lit-
tle utilized space of about 1.8 square metre in the verti-
cal farm, more fruit yield was gotten when compared to 
the horizontal farm space of 3.6 square metre and this 
is indicative of the facts that this technique could be 
used to increase food yield where land is fast becoming 
a limited resource. Also, the different heights of the ver-
tical arrays in an outdoor situation would ensure that 
elevated plants have greater and better access to ambi-
ent amount of sunlight which will positively affect the 

performance of the crop to produce more fruit (Garg 
and Balodi, 2014).

By vertically growing crops, it would not only 
mitigate the need for more land, it would also produce 
available growing space in the air where crops could 
be grown in arrays to get more yield as shown in this 
study (Sarkar and Majumder, 2015; Hossain et al., 2015; 
Despommier, 2009; Garg and Balodi, 2014). This meth-
od also ensured the maximum use of land for tomato 
production without wastage and could address the loss 
of cultivable land by utilizing the spaces around house-
holds by suspending crops vertically and may eliminate 
the need to create additional farmland and also help 
create a cleaner environment with the use of less crop 
protection products such as pesticides that contami-
nates the environment and by encouraging the activi-
ties of natural enemies like spiders against the activities 
of insect pests (Despommier, 2009; Hossain et al., 2015). 

We would like to put some caution on the inter-
pretation of our result. While we did not identify the 
species of spiders and also report direct consumption 
of whiteflies by them through molecular analysis of 
their gut contents, the increased presence of spiders in 
the vertical farm may have had a threatening effect on 
the whiteflies and as such reduced their numbers sig-
nificantly. Similarly, Southon et al. (2019) in an experi-
ment they conducted by studying biological control of 
predatory wasps against the insect pest fall armyworm, 
observed that the presence of wasps negatively affected 
the feeding habit of fall armyworm, reduced their body 
mass and also kept them in hiding. It is plausible to in-
fer here that whiteflies may have noticed the increasing 
population of spiders in the vertical farm and as such 
felt threatened and would rather derived nutrition else-
where far from the presence of predators. 

5 CONCLUSION

This study observed the use of open vertical farm-
ing in increasing the presence of predatory arthropods 
such as spiders in the natural suppression of B. taba-
ci, a major pest of tomato and also to increase yield. 
Since vertical farming is fast becoming an acceptable 
trend worldwide due to the overwhelming population 
increase, the technique could be practiced to produce 
crops in tight spaces to boost yield to feed the grow-
ing populace. Horizontal farming, on the other hand, 
is just not sufficient enough to meet the needs of this 
ever-increasing population due to the rapid rate of ur-
banization. Outdoor vertical farming in comparison 
to the traditional horizontal technique indicated that 
natural suppression by ecological service providers 
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could be plausible on crops grown using the technique. 
Although this is just a pilot trial, further investigations 
are necessary to ascertain the level of effectiveness open 
vertical farms will pose in the future to ensure continu-
ous sustainable production of food as an alternative to 
the dwindling agricultural land resources. The practice 
could be encouraged to minimizing the dependency on 
chemical pesticides which have been studied to have 
deleterious effects. Also, the presence of predatory ar-
thropods could be further influenced for future inte-
grated pest management in open vertical farms. There 
is, therefore, the need to begin considering this tech-
nique as an urban approach to the lack of cultivable 
lands for food production. 
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