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2- Orbitropism
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3- Photosynthetically Active Radiation
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1- Controlled Ecological Life Support System
2- Solar Auto-irrigation Rotary Cropping System
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6- Grow bags containing substrate material 7- Trays 8- Freewheel 9- Temperature and humidity sensor 10- Lamp stand
11- LED lamps 12- Electromotor 13- Sprocket wheel 14- Bearing 15- Power transmitting shaft
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2- on-grid
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1- Readily Available Water
2- Field Capacity
3- Maximum Allowable Depletion
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Table 1- Fuzzy model nomenclature

VH H M L VL OFF ET Rh T
Y s Y bugia ok onb kS Uyl Y % gy (o Cagb) le>
Very high High Medium  Low Verylow  Light ON  Light OFF ET Humidity  temperature

Gy 9 155 0yl 5B Je Lol sla Shg S0 -V g
Table 2- Some properties of the developed fuzzy model for the prediction of ET

Model type And Method  Or Method

Imp Method Agg Method  Defuzz Method

mamdani min max

min max

centroid
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Table 3- Fuzzy rules of the developed model for the prediction of ET

Light ON

Light OFF

RhvL RhL RhM RhH RhVH
TVL ETM ETM ETL ETL ETL
TL ETH ETM ETM ETL ETL
™ ETH ETM ETL ETL ETL
TH ETVH ETH ETM ETM ETM
TVH ETVH ETVH ETH ETM ETM

RhVL RhL RhM RhH RhVH
ETM ETL ETL ETVL ETVL
ETM ETM ETL ETVL ETVL
ETH ETM ETL ETL ETL
ETH ETH ETM ETL ETL

ETVH ETH ETM ETM ETL
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Fig. 3. Membership functions of the fuzzy model inputs (temperature, humidity, and light) and output (ET)
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Fig. 4. The output of fuzzy model controlling surface of the prediction of ET
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Table 4- Perfoemance parameters in fuzzy and On/Off treatments

S &5 3,800 b L o yiol
&b euss On/Off cuis Performance and yield related parameters
4104 5 35 (Kg) (e I8 i50) o olyn ol U5
Total fresh shoot weight (kg)
0.156 00998 (D) ((Syme B i) S5 olyn plsl S
Total dry shoot weight (kg)
4.805 281 (kQ) o1 25 o5 0355 ms S
Total fresh biomass weight (kg)
0.207 0.135 (KG) o 2y S8 o353 JS
Total dry biomass weight (kg)
12 12 (M?) oss Jladl o 300
Area occupied (m?)
176.76 232.47 (i) ol Gpae ol
Water consumption (lit)
Mean fertigation frequency (hr)
18 34 d)lﬁl-c)-l;s.s J‘.hu
Number of irrigation events
147.61 147.33 (kWh) S (555 S e ol
Total energy consumption (kWh)
86.81 (58.81%) 71.32 (48.41%) ol oy 9 (W) (s28y8 5551 Bpme liee
Solar energy consumption (kWh) and its contribution (%)
60.80 (41.19%)  76.00 (51.59%) e g (RWN) b Gy e Ol
Power grid energy consumption (kWh) and its contribution (%)
-2 -
3.42 196 (kg m ) o 22ly Jyaee A..Jzy Ol
Yield per area unit (kg/m*)
-2 e .
66.67 66.67 (plant m™) @Ja..: Ay p oL:_Szal.w
Plant density (plant m™)
-2 52 o . ..
0172 0112 (kg M) aws soly > JS Std 035 G W55 50

Total dry biomass per area unit (kg m?)
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Table 5- Analysis of variance of lettuce growth parameters in fuzzy and On/Off treatments

. c y &b
Slaye ile Olape fgome (g3N51 425 O i Gy g b s
p F Mean of Sum of Degree of >
squares squares freedom  Source of Growth parameters
variations
<0001* 7520  512.20 512.20 1 od
Treatment
6.81 1076.13 158 > oS s
Error Number of leaves
1588.33 159 &
Total
<.0001* 81.81 24796.4 24796.39 1 Sed
Treatment
303.1 47888.758 158 L Q) J5 o6 0
Error Total fresh weight (g)
72685.152 159 &
Total
<0001* 73.17 3167 31.67 1 Jed
Treatment
0.43 68.40 158 Q) Js i o3
Error Total dry weight (g)
100.08 159 S
Total
<.0001* 87.47 0.1013 0.1013 1 Sos
Treatment
s (M) S5 52 S s gge0nn
0.00116 0.183 158 )
Error Plant sum of leaf area (m?)
J
0.284 159
Total
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Introduction
Global increase in the food demand and challenges regarding the water, energy and fertile soil has made it
clear that current strategies are no longer efficient for maintaining food safety. Therefore, attention to novel,
science-based, seasonal and climate-independent farming methods which could result in the higher crop quality
and quantity is an inescapable decision. Among all agricultural practices and technologies, intensive culture and
hydroponic methods in controlled environments play an important role.

Materials and Methods

To address these challenges, an indoor solar-powered auto-irrigate rotary cropping system (SARCS) was
designed and implemented. Arrangement of plants in the surface area of an open-ended drum makes it possible
to use space rather than area to maximize the acreage. An embedded fuzzy control system managed the irrigation
process based on the plant water requirement predictions, and photovoltaic panels (PVs) was responsible for
system electrical energy provision. The drum rotates around its horizontal axis where LED lamps are positioned
to provide light to plants. This structure causes the plants gain the light illumination efficiently while getting
access to water accumulated in the secondary tank positioned beneath the drum. Fertigation fuzzy control was
based on plant evapotranspiration (ET) estimations with temperature, humidity, and light as its inputs. The
instantaneous estimated ETs which were measures for root substrate moisture were summed until reaching its
critical value which is equivalent to plant readily available water (RAW). This tends to trigger a pump
submerged in a primary tank to fill the secondary one up to a predefined height ruled by a level sensor. The solar
energy system consisted of PVs, MPPT, inverter, and battery bank. The SARCS evaluation procedure included
two valid lettuce cultivation in grow bags filled with the same proportions of perlite and coco peat as a root
substrate. The first cultivation used water level sensors to rule the irrigation process (non-fuzzy) while the
second one (fuzzy) were governed by fertigation cycle fuzzy control.

Results and discussion

The results showed that employing these two modes increased lettuce planting density to about 12 times in
the field culture and 4 times in the greenhouse. The energy consumption evaluation revealed that in fuzzy and
non-fuzzy approaches the same amounts of energy were needed. But in fuzzy mode the amount of energy
consumed per kilogram of marketable lettuce was 74.33% less than in non-fuzzy mode. Fuzzy and non-fuzzy
modes utilized 58.81% and 48.41% of the total energy requirements from PVs, respectively. It was calculated
that the solar system is able to supply 51.16 % of SARCS total annual energy requirements in Karaj Province.
The results of water consumption evaluations revealed that the fuzzy approach could cut the needed water to
24%, and improved the marketable product to 74.47%. For producing one kilogram dry and fresh biomass, fuzzy
mode used 50.41% and 55.53% less water than non-fuzzy, respectively. Furthermore, one kilogram marketable
product in fuzzy approach needed 56.46% less water than in non-fuzzy. The averaged water needed for growing
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one lettuce plant in non-fuzzy and fuzzy modes were 15 times less than in field lettuce. The comparison of
growth parameters of harvested lettuce in the two studied approaches revealed that fuzzy mode would have
significantly (P<0.05) higher results in all parameters.

Conclusions
The results suggested that the development of intensive culture strategies would play an important role in the
sustainable agricultural production and food safety. Also, the solar energy utilization in farming practices could
save fossil resources and decrease air pollutions. Finally, purposeful irrigation approaches which are based on
plant water requirement predictions can significantly reduce the total water consumption and improve products
quality. This strategy, therefore can be introduced to other farming practices such as field and greenhouse

methods.
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