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Abstract

The production of potato seeds in Egypt is the nucleus for providing the import of seeds as potatoes are the fourth most important crop
in the world and Egypt imports a large number of potato seeds at high costs. This study aims to optimize the water productivity of the
hydroponic and aeroponic systems and increase the potato crop yield and quality. The current experiment was carried out in a
greenhouse (1.2 hectares) at the National Company for Protected cultivation, Mohammed Naguib Military Base, Egypt. During the
period from 15/2/2019 to 1/6/2019 and 15/9/2019 to 1/1/2020. The experimental layout included some engineering factors of
hydroponic and aeroponic systems such as density of plants /per square meter and different nozzles with different discharges for
sprinkler and dripper systems. In addition to the determination of water productivity in hydroponic and aeroponic systems. The highest
yield production for aeroponic system was at discharge 1.2 Iph for micro tuber and mini tuber was as follow; 180 tuber / square meter.
aeroponic system was better than the hydroponic system by a percentage of 21% for several mini-tubers per square meter and the yield
productivity of the mini-tubers was 93.7%. Aeroponics system gave the highest production at density 100 tuber /m? for micro and mini
tuber were: 500 tubers/m? and 610 tubers/m?, respectively, and in the hydroponic system, micro tuber and mini tuber were 300 tubers/m?
and 480 tubers/m?, respectively.
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INTRODUCTION

The need to control environmental factors is one of the most important components of the quality of production, so the
specifications for agricultural systems are necessary to facilitate the production process of agricultural transactions and
reduce the cost of production and thus achieve continuity of production. Egypt is largely dependent on seed potato imports
for its domestic potato production. Because it is the main crop among those producing roots and tubers, and the third most
important food crop in the world after rice and wheat. Imports reach roughly 120,000 metric tons for the year 2018/2019.
Seed potato exports to Egypt could reach $15 million annually once market access issues are resolved. , (Ministerial
Decree No. 1202/2018). Seed potato production is mostly based on in vitro plantlets or micro-tubers, and on the
subsequent production of mini-tubers as the first ex-vitro generation (Ranalli, 1997). Mini tubers can be produced after
acclimatization from plantlets that are planted at high densities in the greenhouse in beds (Wiersema et al., 1987) or
containers (Jones, 1988) using different substrate mixtures, or even in hydroponic culture (Muro et al., 1997).
Alternatively, soft-less production techniques, such as the Nutrient Film Technique (NFT) and aeroponics have
successfully been employed in tuber production, with good prospects for certified seed production (Boersig and Wagner,
1988). The control treatment was constituted by the plant spacing and seed tuber size often used by growers in Huambo
(plant spacing of 20 cm with seed tuber size of 28-35 mm) (Fernando et al. 2016) All production of seed potato mini-
tubers is planted in pots/boxes in agricultural substrates, with low yields, on average 3 to 7 units per plant (Daniels et al.
2000). In addition to low multiplication, the high use of labor and plant health problems linked to substrate reuse impact
negatively the traditional production of seed potato mini- tubers. Recently, the use of hydroponic systems is becoming
one of the main strategies for producing seed potatoes. In contrast, Aeroponics is a modern technique for growing
agricultural plants by providing a nutrient solution in the air without soil. Plant roots receive a nutrient spray mist from
an atomizing nozzle (Lakhiar et al., 2018). Improved food production spaces and water-saving methods under soilless
culture (Sardare and Admane, 2013; Gruda, 2019), the aeroponics system stands out since it can achieve yields of up
to 49 mini-tubers per plant, besides the repeated harvesting of tubers, which facilitates the standardization and marketing
planning (Ritter et al. 2001). For potato production, a normal greenhouse structure should provide a safe environment
with minimal investments. This approach will allow us to reduce production costs, and plants should be protected from
adverse factors and pests by a controlled climate (Riggio et al., 2019).

This study aimed to optimize the water productivity of the hydroponic system and aeroponic, as well as, increase the
potato crop yield and its quality and produce mini tubers potatoes locally rather than import them at high financial study.
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2-MATERIALS AND METHODS

Experimental layouts and procedures are described in Fig. (1), where, this study was carried out in the greenhouse, at the
National Company for Protected Agriculture, Mohammed Najib agricultural Base, Egypt. The latitude and longitude of
the experiment site were (30°43/35" N, and 29°19/15" E, respectively with an altitude equal to 5.48km). During the period
from 15/2/2019 to 1/6/2019 and 15/9/2019 to 1/1/2020.Using three cultivars of potato (Solanum Tuberosum L.) CVS.
Spunta, lady rosetta and Hermes were planted in the high-technology greenhouse and its area was 1.2 hectares. (115m *
105m), consisting of black linoleum, white linoleum, concrete molds, an irrigation unit for every system, and potato
seedlings that are made from tissue transplantation. The agriculture Environment media consisted of perlite, peat moss
and foam (1:1:1).

1- Irrigation systems description:

Irrigation network as shown in fig (1).Two irrigation systems are used in these experiments (spray and drip) are three
different discharges of nozzles were used for every system and this discharge were calculated according to the water
requirements of the potato crop:

a- Spraying system; three different discharges and their types: (rotor spray, micro spray, and multi-stream sprayer) were
used at: 1.8 I/h, 2. I/h, and 2.2 I/h at 2 bar operating pressure.

b- Dripping system; three different discharges were used at: 1.2 I/h, 1.7 I/h, and 2.3 I/h at different spacings 10, 15, and
20 cm at 1 bar operating pressure.

2- Irrigation scheduling:

a- Scheduling for drip irrigation:

» 1 minon/60 min. off (10 cycles)/ day;
» 3 minon/60 min. off (10 cycles)/day;
» 5 minon/60 min. off (10 cycles)/day;
b- Scheduling for spray irrigation:

» 10 sec on /20 min. off (10 cycles)/day;
» 15 sec on /20 min. off (10 cycles)/day;
» 20 sec on /20 min. off (10 cycles)/day.

3- Plant propagation part: Striped potato seedlings produced by tissue cultivation (Spunta, Herms and lady rosetta)
planted on plastic boxes packed with a mixture of peat moss, perlite, and foam (1:1:1) in both hydroponic and aeroponic
systems.
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Fig (1): Experimental layout for greenhouse.
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4- Density of plants: In this study, three densities of plants were used (60, 80, and 100) plants per square meter.

5- Nutrient solution: The nutrient solution has an EC which does not exceed 2.0 ms/cm. A nutrient solution of EC
values between 2.0 and 2.5 dSm™ has been used in potato mini-tuber production. The pH of the nutrient solution does not
exceed 7.3; the optimum is 6.5 to 6.8. The nutrient solution is changed every four weeks to replenish the nutrients and
maintain the correct pH. According to Farran and Mingo (2006), the following nutrient solution gives satisfactory
mini-tuber yield: KNO3 (0.4 %); KH,PO4 (4.4 %), Ca (NOs), (3.1 %); NH4NO; (4.4 %) and MgSO4 (1.5 %), at a pH of
5.7.

The following nutrient solutions have been used with satisfactory results in (Table 1)

Table 1: The nutrient solution that used in the study:

Farran and Mingo-Castel, 2006; Mbiyu et al., 2012
Nutrient Concentration (%)
KNO3 0.4

Ca (NO3)2 3.1

NH4NO3 4.4

KH2PO4 4.4

MgSO4 1.5

Ph 5.7

6- Measurements and calculations:

a- Yield productivity parameters:

- Number of tubers/plants;

- Diameter of tuber, cm;

- Weight of tuber, g;

- Total yield per square meter (total weight/m?)
b- Water productivity: The water productivity was calculated according to Jensen (1983) as follows:
WP =Y/W (1)
WP: Water productivity, kg m.

Y: Total yield, kg.

W: Total irrigation water, m®.

7- Cost analysis:

Annual total cost was calculated according to (Davies and Richards, 2002) as follows:

Annual total cost = Total initial costs + Total operational costs.-----(2)

Where;-

Total initial costs, L.E./year = [a] + [b].

- Pumps and installation, L.E [a] + additional infrastructure, L.E [b].

-Total operational costs, L.E./year = [h] + [i] +[s].

- Energy costs per year, L.E/year [h] + water consumption costs per year, L.E/year [i] + maintenance per year [S].
Where;[a]: Pumping cost (L.E./m®).[i]: Water consumption (m3/m?2/year).[s]: Maintenance costs, taken as 10% of its
initial cost (L.E./year).Years of working life expectancy (20 years).

Statistical analysis for an experiment under study the factors under study are:
1- Irrigation method (1)
e (Spray (for aeroponic system) (11)
e Drip (for hydroponic system) (12)
2- Flow rate (Q) for dripping
e 1.21ph(Q1)
e 1.71ph(Q2)
e 2.31Iph(Q3)
3- Flow rate (Q) for spray
e 1.8Iph(Q1)
e 2.11ph(Q2)
e 2.21ph(Q3)
4- A-Irrigation scheduling (T) for dripping
e 1min on/60min off (10 cycle /day), (T1)
e 3min on/60min off (10 cycle /day), (T2)
e 5min on/60min off (10 cycle /day), (T3)
B- Irrigation scheduling (T) for spraying
e 10sec on/20 min. off (10 cycles)/day; (T1)
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e 15sec on/ 20 min. off (10 cycles)/day; (T2)
e 20 sec on/ 20 min. off (10 cycles)/day; (T3)
5- Plant density (G) , plant / m?
e 60(Gl)
80 (G2)
100 (G3)
The treatments were distributed and analyzed using a completely randomized design (CRD).

RESULTS AND DISCUSSION

1. Effect of nozzles discharges of sprayer on mini tubers seeds of potato:

Fig. 1 found that when using discharge 1.2 Iph was given the highest productivity of 80% for micro-tuber and 100 % for
mini —tuber and the number of good tubers was free of mold and fungal and bacterial diseases in tubers and there is no
waste of water, compared with other treatment 1.7, and 2.3 Iph were given the lower productivity for micro-tuber and
mini-tuber cause of increased the moisture content of the soil media (mix of peat-moss, perlite, and foam) In addition,
using 2.3 Iph found mold and fungal and bacterial diseases, cause of the excessive amount of water.

Fig (1): Effect of nozzle discharges of sprinklers on average productivity for micro-tuber and mini-tuber.

2. Effect of using different discharges in the drip system (hydroponic) on productivity:

From Fig. 2 it was found that when using the discharge of 2.2 Iph the moisture content of the soil media increased and
the number of good tubers was lower compared to the use of discharge 1.8 Iph which was given the highest productivity
by 60% for micro-tuber and 33 % for mini —tuber and the number of good tubers was free of mold and fungal and bacterial
diseases.
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Fig. (2): Effect of nozzles discharges of drip on productivity for micro-tuber and mini-tuber.

3. Effect of Scheduling for drip irrigation on productivity:
From Fig. 3, found that it is at the irrigation period of one minute found that the soil media (mix of peat-moss, perlite,
and foam) is somewhat dry which means that the water supply is insufficient, and at a period of 5 minutes the water was
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increased which caused an increase in the moisture content of the soil media and thus the appearance of mold on some
tubers, so at a period of 3 minutes you notice that it is the best productivity compared to the period of one minute and the
period of 5 minutes with percentage 100 % for micro-tuber and 75% for mini-tuber because the moisture content of soil
media is suitable.
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Fig. (3): Effect of different drip time irrigation on productivity.

4, Effect of Scheduling for spraying irrigation on productivity:

From Fig. 4 found that at the irrigation period of 20 seconds, the moisture content of the soil media increased. In addition
to increasing water consumption by a greater percentage, which led to the occurrence of mold in the resulting tubers, so
the production was less than the period of 10 seconds by a percentage of 50 % for micro-tuber and 28% for mini-tuber.
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Fig. (4): Effect of different spray time irrigation on productivity

5. Effect of different spacing between plants on productivity in culture hydroponic system

From Fig. 5 we find that at a distance of 15 cm showed the highest productivity for mini tuber and micro tuber as follows:
(18 tuber and 6 tuber), respectively due to the number of tubers that were planted . Because it gave the best product in
terms of number, size and homogeneity of shape compared with 10 cm and 20 cm treatments.

'Journal of Pharmaceutical Negative Results | Volume 14 | Special Issue 1 | 2023 m




mini tuber B micro tuber

10 cm 15cm 20 cm

Distance between plants per square meter

Fig. (5): Effect of different spacing between plants per square meter in hydroponic and aeroponic systems

6. Effect of density of plants per square meter in hydroponic system:

From Fig. 6 found a density of 100 tubers /m? gave the best productivity and homogeneity to the number of tubers
produced due to the increase in the number of tubers planted per unit per square meter by a percentage 40 % for micro-
tuber and 33% for mini tuber also because of the competition of plants, some of them in food and water compared to the
density of 60 and 80 tubers per square meter.

600 - micro tuber

500 + mini tuber

400 -

300 -

plants/m?)

200 -

Productivity ( number of

100 -

" T
ik

6 8

Denisty of plant/m?

o

1

Fig. (6): Effect of density of plants per square meter in hydroponic System.

7. Effect of plants density per square meter in aeroponic system:

From Fig. 8 we find the density of 100 tubers /m? gave the best productivity and homogeneity to the number of tubers
produced due to the increase in the number of tubers planted per unit per square meter by a percentage 52 % for micro-
tuber and 40% for mini tuber also because of the competition of plants, some of them in food and water compared to the
density of 60 and 80 tubers /m? this according to (Farran et al, 2006).
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Fig. (7): Effect of density of plants per square meter in aeroponic.
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8. Comparison between the productivity of aeroponic and hydroponic systems in water productivity:
The influence of the different cultivation systems on the number and mass of potato mini-tuber in the aeroponic system
is presented in the following table:

Table. (2): Comparison between productivity aeroponic and hydroponic systems.

Growing Number of | Number of Number The yield of mini | The  average | The  average

system micro- mini of micro | tubers(g)/ m? number of mini | mass of a mini
tubers/m? tubers/m? tubers/m? tubers /plants tuber (g)

Hydroponic/ ) 44 480 300 9.6 7 20

soilless culture

Aeroponic 500 610 500 152.6 18 25

Table (2). The previous table found that aeroponic system was better than the hydroponic system by a percentage of 21%
for the number of mini-tuber per square meter and yield productivity of mini-tuber at 93.7% this is because in aeroponic
system, there is a visually better uniformity water distribution than the hydroponic system.

9. Determination of water productivity in hydroponic and aeroponic systems for the production of
micro tuber and mini tubers:

From Fig. 9, the results indicated that when using potato agriculture under aeroponic system gives the least water-
consumptive use with high productivity for both micro and mini-tubers Compared to using the hydroponic system because
irrigation can be controlled on a crop-by-crop basis. Unlike saturating the crops by flooding them with water, a mist can
be administered in very precise amounts and for specific periods, which gives a higher level of control than you would
find in a hydroponic system.
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Fig. (9): Effect of different irrigation systems on water consumption.

10. Annual total cost analysis in different irrigation systems:

Table. (3): Annual total cost analysis in different irrigation systems, (L.E m?).

Aeroponic system (cost L.E m?) Soilless culture (hydroponic system)
1.2 Iph 1.7 Iph 2.3 Iph 1.8 Iph 2.1 1Iph 2.2 Iph
Micro tuber 195 198 205 211 220 235
Mini tuber 203 207 210 260 275 290

From equation 2 and the previous table found that aeroponic gave an average least cost than hydroponic systems per
square meter by percentage 11% for micro-tuber and 32.8% for mini-tuber this is meaning aeroponic system was the best
because it was the highest productivity and when using aeroponic system gave lower water consumptive use, irrigation
period, consumptive energy, compared with hydroponic system.

Statistical analysis

The treatment was distributed and analyzed using a completely randomized design (CRD) and the analysis was
performed using SPSS software. The analysis shows a significant difference between the coefficients, as the result was
greater than 0.05.Statistical analysis of yield micro-tuber (kg) for the levels of the main factors:
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Treatments Yield micro (kg) LSD at 0.05 Significance

I *

Spray (aeroponic system) (11) 3.84 a
Drip (hydroponic system) (12) 2.69 0.116977 b
Q *
1.2 Iph(Q1) 3.74 a
1.7 Iph(Q2) 3.24 0.143267 b
2.3 Iph(Q3) 2.83 c
T *

10 sec on/ 20 min off(T1) 3.69
15 sec on/ 20 min off(T2) 3.22 a
20 sec on/ 20 min off(T3) 2.89 0.143267 b
G *
100(G1) 4.31 a
80(G2) 3.18 0.143267 b
60(G3) 2.31 C

Statistical analysis of yield mini-tuber (kg) for the levels of the main factors:

Treatments Yield mini (kg) LSD at 0.05 Significance
I *
Spray (aeroponic system) 9.81 0.168 a
Drip (hydroponic system) 8.48 ) b
Q *
1.2 Iph 9.93 a
1.7 Iph 9.01 0.206 b
2.3 Iph 8.49 c
T *
10 sec on/ 20 min off 9.38
15 sec on/ 20 min off 9.45 a
20 sec on/ 20 min off 8.60 0.2062 b
G *
100 11.41 a
80 9.26 0.206 b
60 6.77 C

Statistical analysis for the experiment found that aeroponic system, Q1, T1 and G1, gave a highly significant comparison
with the hydroponic system for micro and mini tubers.

CONCLUSION

The results obtained indicate that the cultivation system exerts a significant influence on the number and the total yield
of potato mini-tubers. aeroponic system of cultivation gave the largest number of micro-tuber and mini-tuber per m?
recorded (500 and 610 tubers) and it was better than hydroponic because in aeroponic system, there is better uniformity
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