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Abstract

With the increasing demand for agricultural production with high water-use efficiency, soilless cultivation
systems such as aeroponics have received growing attention. In this context, optimizing the operational
parameters of these systems plays a key role in enhancing productivity and resource conservation. This study
was conducted to optimize a vertical aeroponic cultivation system for determining the most efficient water-use
performance and selected yield indicators of greenhouse strawberries. To evaluate the systems, the effect of
nutrient misting on the roots of strawberry plants was assessed using a factorial experiment based on a
randomized complete block design, involving 9 systems with 5 replications. The first factor was the nozzle
diameter of the nutrient misting system at three levels: 25 um, 50 um, and 75 um, while the second factor was
misting duration at 10, 15, and 20 minutes. To optimize the system for improving water-use efficiency and
strawberry performance, a general full factorial block design was used. The modeling in this study was
structured to identify the optimal nozzle diameter and misting duration that would maximize yield and water-use
efficiency. A comparison between first- and second-order models for estimating mean yield and water-use
efficiency as functions of savings rate and misting time showed that second-order models provided a better fit to
the experimental data (R2 > 90%). Simultaneous optimization indicated that the ideal misting rate was 212
mL/min for a duration of 16 minutes. Under optimal conditions, the average yield per plant was 1.56 kg and
water-use efficiency reached 98.17 kg/m3. These findings highlight the high effectiveness of precise technical
parameter adjustments in improving the productivity of soilless cultivation systems. Evaluating the system’s
performance across different climates and seasons, along with smart modeling of water consumption and
analysis of economic and energy aspects, could contribute to a more comprehensive assessment and support its
commercialization.
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Extended Abstract

Introduction

Traditional soil-based agriculture often
suffers from limitations such as salinity,
poor soil texture, and water inefficiency.
These constraints have driven the adoption
of controlled-environment  agriculture,
where techniques like hydroponics and
aeroponics are utilized to overcome
environmental variability and improve
crop  performance.  Among  these,
aeroponics has emerged as a highly
efficient  method, offering  distinct
advantages by delivering nutrient-rich mist
directly to the plant roots suspended in air.
This technique not only ensures enhanced
oxygenation and faster root absorption but
also leads to remarkable reductions in
resource usage up to 99% in water and
50% in nutrients compared to conventional
methods. Furthermore, aeroponics allows
for vertical farming setups, making it
suitable for urban agriculture and space-
limited environments. Strawberries, known
for their high nutritional value, flavor, and
economic potential, are increasingly
cultivated in greenhouses to meet growing
demand. Their shallow root systems and
sensitivity to precise water and nutrient
delivery make them an ideal candidate for
aeroponic research. However, to achieve
maximum  productivity and resource
efficiency, technical parameters such as
nozzle diameter and misting duration must
be carefully optimized. The primary
objectives of this study were to evaluate
the influence of different nozzle diameters
and misting durations on the growth and
productivity of strawberries, develop
statistical models (first-order and second-
order) to identify optimal operational
conditions, and determine the most
effective settings that enhance yield and
water-use efficiency in a vertical aeroponic
system.

Methods

The experiment was conducted in a
greenhouse at the Islamic Azad University
of Kerman, Iran. Nine identical vertical
aeroponic systems, each consisting of a
five-level polyethylene column with 20
planting holes, were constructed. Nutrient
solution was stored in an 80-liter tank at
the base, and distributed via submerged
pumps to three types of misting nozzles
(diameter: 25 pm, 50 um, 75 um). A full
factorial randomized complete block
design was implemented, featuring two
factors including Nozzle diameter (25, 50,
75 pm) and Misting duration (10, 15, 20
minutes). Each treatment was replicated
five times, yielding 45 experimental units.
Strawberry seedlings were germinated in
rock wool and transplanted into the
aeroponic systems. Hoagland's nutrient
solution was used throughout the 65-day
growth period. Parameters measured
included plant height, root dry weight,
total fruit yield, and water-use efficiency
(calculated as kg fruit per m3 water). Data
were analyzed using Minitab 2018, with
LSD tests at 5% and 1% significance
levels. Both first- and second-order
regression models were applied to evaluate
factor effects.

Results and Discussion

The highest average plant height (265.62
cm) was observed in the treatment with a
50 um nozzle and 20-minute misting
duration. The lowest (152.4 cm) was
recorded with a 75 pm nozzle and 10-
minute  misting. The  second-order
regression model showed excellent fit (R2
= 99.43%), indicating strong predictability
of plant height based on these parameters.
Root dry weight varied significantly with
nozzle size and misting duration. The
highest dry weight (56.5 g) was observed
with a 75 pm nozzle and 10-minute
misting, while the lowest (38.8 g) occurred
with a 50 pm nozzle and 20-minute
misting. Interestingly, heavier misting or
larger droplets appeared to reduce oxygen
availability, negatively impacting root
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development. Yield performance was
highest (61 kg per system) with a 50 pm
nozzle and 20-minute misting, and lowest
(41.5 kg) with a 75 pum nozzle and 10-
minute misting. Yield was most responsive
to nozzle size, supporting the notion that
optimal droplet size is crucial in delivering
nutrients efficiently without causing runoff
or oversaturation. The most efficient water
usage (128 kg/m3) was achieved with a 50
um nozzle and 20-minute misting. The
results demonstrated that misting time had
a positive effect on WUE, but nozzle size
played a more dominant role. Second-
order models for WUE had high predictive
accuracy (Rz = 96.28%). Second-order
polynomial regression models proved
superior to first-order models in estimating
plant performance and WUE. Multi-
response  optimization using  the
Desirability Function Approach (DFA)
revealed that the best operational setting
was a 50 pm nozzle combined with a 16-
minute misting interval at a nutrient mist
rate of 212 mL/min. Under these
optimized conditions, the average yield per
plant was 156 kg, and water-use
efficiency reached 98.17 kg/mé.

Conclusion

This study confirms that fine-tuning key
technical parameters in vertical aeroponic
systems  significantly  boosts  the
productivity and resource efficiency of
greenhouse strawberry cultivation.
Specifically, a nozzle diameter of 50 pm
and a misting duration of 16 minutes were
identified as optimal. These settings
enhanced both biomass accumulation and
water-use metrics without compromising
root health or nutrient uptake. The research
highlights the value of aeroponics as a
sustainable cultivation method in water-
scarce environments and controlled
greenhouses. Future research should focus
on seasonal and climatic variability
assessments, economic viability and
energy  consumption modeling, and
optimization  of  nutrient  solution
compositions for other high-value crops.

Through such efforts, the potential for
commercialization and large-scale
deployment of aeroponic technology can
be significantly enhanced.

Keywords: Nozzle diameter size, Foliar
spraying, General full factorial.
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Normal Probability Plot
(response is h(cm))

Percent
=
o

-10.0 -7.5 -5.0

Oloreds g8 a5 Jow Rag? Jlade b o) o5 jlows Solis
B8 bl o asgy elasl L8, o sl Joe e

25
Residual

A0 bag el slp Jboy @i -F JSb

0.0 2.5 5.0

5190 axye s ey Jas Joe g0 deesls LT 5l o

5 R? Jacke a4 am g Lo ol 05 _iolesl slaosls



Yy VEF Sl oF o,leds oF 0,90 (o ldc0lg0 g (g3,9lis wludsd g,k g Cats

S (e g fidion (Sle Aol g 4 (595
Aoy G9) 2 azde, SLbl 5S4y Lol glaass,
b Gl ain, Sa2 (5 Caled)d 5 st (Lol
5 3 8 s foges cal bl 1 331 005
o= oalple s Aty ) S 5e g olej Sl ae
i e o Jylona ol 3 o 35 e bl
25 ol O sk 0, Jslowe 5 ol 4 oy
e oS Cubls wales 1y al) op eSS Of Sl 2Ll e
i) S9y » Phdelme (Byb jlasdioe S (e
Jsdoee Dl pdad (nSaw 09 Jeds 4 09,50 VO 5L L
i) 69y 5l @ Jolos ojle (092 (S350 5 (2100
TS ada) oy 5l g e b 4 9 03,65 e
(VA Gen g St sd @l b (398 @bt 09d o
=t 3 (Voo P) Ll diny cpmod 0 0,10 cillas
Sloslaiwl o 1) flals lhwg oldcslse g ol Gix
OLts dB) IS8 el 007 (B yme (y9,8e A sla 5L
loools ousiladl Jloyi xujgi Jlogad ;o a5 apd co
DS o0 g9 Sy amid Sl eaiis pslaez
e 5 (o sloodls s wglii az o cnlaly
Lz a Lacols ail yiaS jl38le 5 Jaugd ool cio yiu
Sy Sl (0) U 5S35 fages Loy 51 0,38

Al ddy; S 35 sl by Loy mes

26 Jelge Bis 51 Gy g b Bl 6Ll by 9 J3U
00t 0351 125 5 sl nl 59y 32 Sl 3B L g
el
Bh (cm) = 0.2 + 10.695 Nozzle + 0.27 Time -
0.12180 Nozzle x Nozzle - + 0.04272 Nozzle
xTime
R?=99.43%

Ragi?= 99.36%

e 3 g gyl 6l (RP>4139) (9w )55 up
PR3y ARV SV VWISV BN [P g KW PRI -
254 bosls a5 el ol (goarmolis (Ragi?>+/29)
Ol oF) JSi i oo i3l 90 Az 0 Jaw o
Olejissa 5 Jjb 1B ol bl 2 ) St 35
el o aulosls plozil,y olide oo Jed=e
ddy) SES (s et 20,5 e sdeliussd
oozl Ly ailalis a5 Lgs o o(p,5 OFID) 55,5055 oliS
5 adedo Ve (b odoe ples 5 (9 S VO 5L
L ailobos 4 bogs po (0,5 YAIA) ais ) i3 (39 0 e
g a8 Ve (b Jole loj g (550 00 5L
S G392 s Oyge S, Lol ST lsges
Slacie ol J3 a8 (al381 L 4 ams oo (Lt ey
9 95 (o Iy (38l o)l e 9 281 Al (39
ml 59 Silige ai) g p site b S e
00 oaply lié Jslme S, o3l 4 azgi b Lyl
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Normal Probability Plot
(response is DW(g))
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