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ABSTRACT

This research was conducted at the Faculty of Agriculture, Tanta University, Egypt to determine the
effect of different nutrient solution formulations on the growth of spinach grown in two different cultures from
the blended substrates. Three different nutrient solutions were used with or without compost tea+ spirolina
extract (six treatments). Spinach plants were planted in pots filled with a mixture of substrates (sand + peat moss
+ perlite) or (vermiculite + peat moss + perlite) in a volume ratio of 1: 2: 1. The results showed that the plant
height and plant weight of spinach were significantly affected by different nutrient solution and growth media.
The highest values for these parameters were obtained with Cooper's solution and a mixture (vermiculite + peat
moss+ perlite) (1: 2: 1), and on the other hand, the lowest values for these parameters were obtained by the
mixture of the media (sand - peat - perlite) (1: 2: 1). This mixture of nutrient solution + 50% compost tea +
spirulina extract achieved the highest values of elements percentage for spinach. Nutrient uptake was closely
related to the dry matter of spinach, where a mixture of (vermiculite + peat moss + perlite) substrates gave the
highest values in terms of minerals uptake. Data are tabulated for the N, P, K, Fe, Mn and Zn content in spinach
plants at each treatment. The obtained results showed a clear variation in the chemical and physical properties of
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the different media and nutrient solution after the plants were harvested.
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INTRODUCTION

Growing vegetables using soil presents a host of
challenges, such as changing temperatures, ability to retain
moisture, available nutrient supply, proper aeration of roots,
as well as disease and pest infestation. Soilless production
under protected conditions mitigates some of these problems,
while giving the grower better control over plant growth and
development (Obaid et al., 2022). Soilless cultivation
represents a viable opportunity for the agricultural production
sector, especially in areas characterized by soil degradation
and limited water availability. Moreover, this agricultural
practice embodies a favorable response towards eco-friendly
agriculture and a promising tool in seeing the public challenge
in terms of food security. Soilless culture is the most intensive
production system for horticultural crops and has been used
for several years in the Mediterranean countries (Brun et. al.,
2001). Commercial use of soilless culture has been increasing
rapidly in Egypt in recent years. At the same time, many
scientific researchers, especially in the field of vegetable and
ornamental production, have been conducted on soilless
culture (EL-Beshbeshy, 2000 a and b; Tlzel et al., 2003; EL-
Beshbeshy and Sherif 2000, and EL- Beshbeshy, 2005).

So, soilless culture systems can be used in order to
prevent negative effects of soil on plants and provide an
appropriate culture environment in production (Brun et al.,
2001), and has been used widely in protected agriculture to
improve the growing environment and provide optimal water
and nutrient supply for cultivated crops (Vives-Peris et al.,
2020). Soilless culture can potentially improve cropping
systems by optimizing the use of inputs (nutrient, pesticides
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and water), controlling diseases more efficiently and make it
possible to increase crop production regardless of the climatic
conditions (Montagne et al., 2015). At the same time, the
soilless culture has become more aware of the quality,
quantity and health of what they have consumed (Savvas et
al., 2003). Soilless may serve as an alternative planting
medium because it reduces incidence associated with soil
borne diseases and pests which leads to reduced use of soil
fumigant. It improves water use efficiency and fertilizer use
due to its high water-holding and cation exchange capacity
(Cantliffe et al., 2007).

Soilless culture systems (SCS) are currently one of the
fastest-growing sectors in horticulture (Savvas et al., 2018;
Tuzel et al., 2021), and can provide important requirements
for plant growth with equal growth and yield results
compared to field.

The choice of growing medium is the one of the first
steps in establishing any soilless culture system. The medium
or substrate used in soilless culture is more than simply a
means of support for plant. It must provide oxygen, hold
water effectively after perfect drainage, Free from pests and
pathogens, give a suitable air pore volume and high structural
stability in order to produce optimum plant growth. Important
considerations for commercial use of the substrates are’ the
suitability for the intended use, availability and purchase
price.

The use of peat as organic substrates are of interest for
hydroponic culture, if they possess only little microbial
activity, decompose slowly and are available readily at
reasonable coast. Peat consists of partially decomposed
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aquatic, marsh, bog, or swamp vegetation. The composition
of different peat deposits varies widely, depending upon the
vegetative from which it originated, state of decomposition,
mineral content, and degree of acidity. Peat culture
undoubtedly gives high yields of quality vegetables (Resh,
1991). Seven different media were used to seedling
production of tomato, sweet pepper and cucumber, results
showed that the heaviest fresh and dry weight of seedling
were recorded with the peat moss +vermiculite (Hellal et al.,
(1996). Choi et al., (1997) showed that pepper plant growth
such as plant height and fresh weight, root medium composed
of peat moss and vermiculite (75: 25) showed best results and
the other treatments composed of various ratio of peat moss +
vermiculite or peat moss + perlite also showed good results.
But the treatments composed of various ratio of peat moss +
vermiculite + perlite + sand + burnt rice hull (50 :10:5:25)
resulted in the lowest plant growth. Therefore, the objective
of this work is to study dry matter production and nutrient
contents by spinach plants in relation to different nutrient
solution formulations and two mixtures of substrate as growth
medium.

MATERIALS AND METHODS

The research work was carried out at the soil and
water department, Faculty of Agriculture, Tanta University,
during the growing season 2019. The research studies
comprised of two greenhouse in pots experiment to determine
the suitable nutrient solution formulation for spinach
(Spinacia oleracea) as a leaf vegetable production in soilless
cultures by using two mixtures of growth substrates and three
kinds of nutrient solutions (Hogland and Arnon. (1938),
Hewit. (1966), and Cooper. (1979) with or without spirolina
extract and compost tea (organic solution). Sand, peat moss,
vermiculite and perilite were used as a feed stock to separately
produce two types of mixture growing substrates. The first
mixture (M1) preparing in 2 liters plastic pots containing 1:2:1
(v:v:v) sand + peat moss + perlite, while the second mixture
(M2)was 1:2:1 (v:v:v) vermiculite + peat moss + perlite.
Table 2 shows some characteristics of both mixture growth
substrates types used.
Table 1. Some chemical characteristics of two mixture

substrates types used in this study

Properties substrates M1 M2

pH (1:10 substrate: water) 7.07 5.66
EC dS m? (1:10 substrate: water) 0.27 041
Organic matter% 2521 24.37
Total macronutrients, ppm
N 135.32 132.22
P 12.8 12
K 119.52 189.24
Available micronutrients, ppm

Fe 5.02 8
Zn 5.36 3.04
Mn 28 6

Where, M1: sand + peat moss + perlite mixed at 1:2:1 (v:v:v), and M2:
vermiculite + peat moss + perlite mixed at 1:2:1 (v:v:v).

The three different nutrient solution formulations used
in this study with their contents. The formulations which were
used include all the nutrient elements necessary for plant
vegetation period in Table 3). In this study the above three
nutrient solutions were used individually or with organic
solution (Spirolina extract and compost tea) the composition
of organic solution are present in table (6). The Six studied

treatments in this experiment for each crop were as the
follows:

1: 100% Hoagland (F1).

2: 50% Hoagland+50% compost tea and algae extract (F2)
3: 100% Hewitt (F3).

4: 50% Hewitt +50% compost tea and algae extract (F4)

5: 100% Cooper (F5).

6: 50% Cooper+50% compost tea and algae extract (F6)

Table 2. Nutrient solution formulations which were used

in the study
Nutrient Hoagland & Arnon Hewitt Cooper
(1938) (1966) (1979)
mg L*
N 210 168 200-236
P 31 41 60
K 234 156 300
Ca 160 160 170-185
Mg 34 36 50
S 64 48 68
Fe 25 28 12
Cu 0.02 0.064 0.1
Zn 0.05 0.065 0.1
Mn 05 0.54 20
B 05 0.54 0.3
Mo 0.01 0.04 0.2

Table 3. Concentration of some macro and micro
nutrients in spirolina extract and compost tea

Nutrient Spirolina extract Compost tea
mg Lt
N 175.89 162.3
P 52.3 16.5
K 179.7 90.65
Fe 2047 1.98
Zn 1.0 2.85
Mn 7.96 1.34

The irrigation by nutrient solutions or water was done
to the pots when needed to maintain favorable moisture content
during the growth period as the follows: The plants were
irrigated 3 times a week in the first state by water and then after
13 days itirrigated 3 times a week (two by nutrient solution and
one by water). At the end of vegetation period the crop was
harvested (55days after sowing). Plant height, fresh weight and
dry matter weight were measured to determine the growth
performance of spinach plants. The plants were washed with
distilled water before drying in an oven at 65° C. N, P, K, Fe,
Zn, and Mn contents in the plants were determined, following
H.O,and H, SO4digestion. Total nitrogen was determined by
the micro-Kjeldahel method, phosphorus was determined
calorimetrically using the mixed reagents (reducing agent,
metol (P-methyleamino phenosulphate), sodium sulphite,
meta-bisulphate and ammonium molybdate) then measured on
Spectrophotometer, potassium was determined using the
Flamphotometer. zinc, iron, and manganese in the digest were
estimated with the help of Atomic Absorption
Spectrophotometer. The Duncan’s Multiple Range Test was
used for statistical analysis according to Snedecor and Cochran,
(1971).

RESULTS AND DISCUSSION

1. Plant growth:
Different nutrient solution formulations had obvious
effects on spinach yield. In general, all nutrient solution
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treatments produced significantly higher yields of spinach
with M2 than M1 (Table 4). However, the growth and yield
values of spinach were significantly higher with the use of
50% spirolina extract and compost tea for all types of nutrient
solutions, compared to both nutrient solutions alone. The
highest fresh and dry matter yield of spinach was recorded in
cooper's solution with M2 media. As to the effect of the
various treatment in spinach plant height, measurements of
plant height show that early plant growth was slightly faster
in second substrate mixture (IM2) than other substrate mixture
(M1). As can be seen, the maximum values of fresh weight
and dry matter of spinach plants were 9.37 g plant™ and 1.36
g plant® in the M2 + F5 or F6 and M2 + F5, respectively.
Among the other treatments the F1 and F2 treatments
produced the lowest yield for plants grown in the M1. The
differences among various treatments were found to be
significant for the two parameters. The effect of application of
different nutrient solution with or without organic solution on
vigor of plant height on first substrate mixture (M1) was equal
to that grown on second substrate mixture (M2). The average
values of fresh weight, plant height and dry matter weight of
spinach in two substrate mixtures as affected by different
nutrient solutions formulas are presented in Table (5). Among
the six treatments, the cooper's solution formulate produced
the highest fresh weight yield, followed by Hewitt's solution
and Hogland's solution formulates. The increased fresh
weight of spinach with Cooper's solution is due to its higher
nutrient contents. Conventional fertilizers of three nutrient
solutions had a lower yield compared to those applied with
spirolins + compost tea. Compared to the two mixtures of
substrates, higher yields could be achieved when vermiculite
was used in the mixture of substrates; the difference was
statistically significant Table (6). Positive increases in fresh
weight and dry matter in M2 are due to the good composition
of the substrate mixture (organic and inorganic substrates)
(Ameri et al., 2012). Soilless production of leafy vegetables
under controlled environments is one of the most appropriate
technologies to accomplish human food requirements. This
production technology is economically viable to curb food
insecurity (Croft et al., 2017).

Table 4. Influence of two substrates mixture and nutrient
solution formulations on spinach plant growth

parameters
Fresh weight dryweight plant high
Treatments @plant) (g plant?) (cm)
F1 5.17¢f 0.38 8412
F2 4.98f 0.51¢f 8.29°%¢
M1 F3 5.46%f 0.44¢° 8.21bd
F4 6.73 0.720¢ 8.21bd
F5 6.27%% 0.67°f 7.96f
F6 7.73% 0.69>¢ 7.95f
F1 6.83 0.96° 8.06%"
F2 6.17f 0.80>d 8.30%
M2 F3 6.66% 0.86° 8.14%e
F4 8.21® 0.92t 8.24
F5 9.372 1.36 8.00°f
F6 9.372 0.88> 8.07%f
F test ns * **

F1; 100% Hoagland; F2: 50%Hoagland+50%compost tea and algae
extract; F3: 100% Hewitt; F4: 50% Hewitt +50%compost tea and algae
extract; F5: 100% Cooper; F6 :50% Cooper+50%compost tea and algae
extract; M1: mixture substrates sand+ peat + perlite (1:2:1); and M2:
mixture substrates vermiculite + peat + perlite (1:2:1).

Table 5. Effect of nutrient solutions on average values of
plant growth parameters

Nutrient Freshweight  Dryweight  Plant high
solution (g plant?) (g plant?) (cm)
F1 6.00° 0.67% 8.23%
F2 5.58¢ 0.65> 8.29°
F3 6.06° 0.62¢ 817
F4 7.50° 0.82% 8.22%
F5 7.82% 1.01° 7.98°
F6 8.55? 0.78 8.01°
F test ** ** **
Table 6. Substrate mixture effect on vegetative growth
characters
Nutrient Freshweight Dryweight  Plant high
solution (g planth (g planth (cm)
M1 6.06° 057° 8.172
M2 7.78 0972 8.14°
F test * * ns

The maximum enhancement in plant height, fresh
weight and dry matter under M, substrate Fs, Fs and F3
treatment could be attributed to better water holding capacity
and nutrient availability which in turn promotes better
vegetative growth (Chhukit 2009). The addition of a suitable
nutrient solution enhanced to obtain the amount of vegetative
growth. Where, the plant growth rate decrease or increase for
several reason including substrate nutrients contents (Chen et
al., 2018). On the other hand, the positive effect of inorganic
with organic supplement on vegetative growth, it may be
because that the availability of nutrients increased the
photosynthesis process in plants (Ayesha et al., 2011).

Table 7. Dry matter % of spinach under integrated
substrate mixture and nutrient solutions

Mixture of Substrate  Nutrient solution  Dry matter (%)
F1 7.35
F2 10.24

M1 F3 8.05
F4 10.69
F5 10.68
F6 8.92
F1 14.05
F2 12.96

M2 F3 12.91
F4 11.12
F5 1451
F6 9.39

Results obtained on the effect of different treatments
on dry matter percentage are presented in Ttable (7). The
result shows that, the positive effect of all treatments in both
substrate mixture followed the order F1>F5>F2>F3>F4>F6
in the second mixture. The corresponding treatments in first
mixture followed the order: F5>F4>F2>F6>F3>F1.Data in
Table (8) reveal that the dry matter percentage in spinach
plants was higher in all nutrient solution formulas in the M2
compared with the same nutrient solution in the M1.
Nutrient contents

Tables from 8 to 14 show the effect of different
nutrient formulas and two types of substrate mixtures on
contents of N, P, K, Fe, Zn and Mn in spinach plant. No
constant trend was observed for any concentration
elements in both spinach plants may be due to dry matter
hence dilution effect. Also Russo (1991) found that
concentration of 12 elements in leave and fruit of pepper
concentration did not respond to fertilizer treatments or
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spacing. Regarding the effect of different nutrient solutions
formulas on N, P and K concentration in second mixture
of substrate N and K concentrate in spinach plant were
higher compared with the same solution treatment in the
first substrate mixture. On the other hand P concentration
was lower in spinach plant which received all nutrient
solution in second substrate mixture. It is also evident
from Table ( 9) the results of average values in both M1
and M2 that, the cooper's solution with organic solution F6
resulted in a greater N, P and K concentrations in spinach
than in treatments received other nutrient solution
formulas. Data in Table (10) show a significant increase of
N and K concentration as a result of growing plants in M2
compared with M1.

Table 8. Effect of different treatments on N, P and K
concentrations (ppm) in spinach plants

Mixture Nutrient solution Concentrations (ppm)
Substrates formulates N P
F1 55.17¢ 5463 36121
F2 41529 5205% 436.17"
M1 F3 34.27" 42957 389.85
F4 46.047 58.84° 388.80
F5 53.31¢ 53579 443,999
F6 7249° 63.20° 52582
F1 91.68* 49.19° 682.88°
F2 81.77° 4473% 692472
M2 F3 60.33¢ 44127 631.96¢
F4 48421 4318" 586.20¢
F5 62.12¢ 27.200 431.72"
F6 73.39° 66.60° 667.68°
F test ** *% **

Generally, data in Tables (11) indicated that N, P
and K uptake by spinach plant were significantly affected
by different nutrient solution formulas in two types of
substrate mixtures. In first substrate mixture, the most
effective treatment was observed in treatment which
received cooper's nutrient solution with or without organic
solution, this treatment increased N, P and K uptake over
all other treatments. With regard to second substrate
mixture the N, P and K uptake by spinach plant, the highest
values were recorded in treatment which received
Hogland's solution with or without organic solution. It is
also evident from the results that the M1 resulted in a
greater N, P and K uptake in most cases than in those of
first mixture of M2. It should be noted that the uptake of
N, p and K in the second substrate (M2) was generally
more than double that of the first substrate mixture. This
shows clearly the importance of vermiculite substrate as a
growth substrate in soilless cultures of the first substrate
mixture (M1)

Table 9. Effect of different nutrient solution treatments on
average values of N, P and K concentration in
spinach plants

Nutrient Concentrations (ppm)
solution N p K
F1 73432 51.91° 522.04¢
F2 61.65° 48.39° 564.32°
F3 47.30¢ 43.54¢ 510.90¢
F4 47.23¢ 51.016° 487.50°
F5 57.72° 40.38° 437.86f
F6 72,942 64.90a 596.75*
F test ** ** **

Details and symbols as table (4)

Table 10. Effect of different substrate mixture treatments
on N, Pand K concentration in spinach plants

Mixture Concentrations (ppm)
Substrates N P

M1 50.47° 54,212 424.30°
M2 69.62? 45.84° 615.48°
F test *x ** **

Details and symbols as table (4)

Table 11. Effect of different treatments on N, P and K
concentrations (ppm) in spinach plants

Mixture of  Nutrient g planth
Substrate solution N P K
F1 4,05% 401 26.54%
F2 425 5.32%  44.66"
M1 F3 2.75- 3.459 31.38
F4 492 6.28*  41.56'
F5 5.69¢ 5.72% 47.41f
F6 6.46' 5.63¢ 46.909
F1 12.88° 6.91° 95,942
F2 1059 579«  89.74°
M2 F3 7.78¢ 5.69¢ 81.58°
F4 5.38" 4.80¢ 65.18¢
F5 9.01° 3.94f 62.64°
F6 6.89° 6.25°  62.69°
F test *% *% *%

Regarding micronutrients, Tables (12, 13, and 14)
show the effect of different nutrient solutions and two
mixture substrates on concentration of Fe, Zn and Mn by
spinach plants. As has been presented earlier, no constant
trend was observed for concentrations elements in spinach
plants may be due to dry matter hence dilution effect. As
can be expected, Fe, Zn and Mn concentrations in spinach
plants were higher in all treatment in second substrate
mixture than the same treatments in first substrate mixture.
Concerning the effect of nutrient solution formulation on
micronutrients content data presented in Table (13) show
clearly that nutrient solution formulation F6 increase
availability of Zn to spinach. These results may be to raise
available nutrients for adsorption by spinach plants
(Ebrahimi et al., 2012b). On the other hand, nutrient
solution formulation F3 increases Mn concentration in
spinach than other nutrient solutions. The decrease of Mn
concentration in plant may be due to amount of Fe in
nutrient solution F6 was high and it competitive restriction
of Mn absorption by plant.

Table 12. Effect the interaction between two substrate
mixture and different nutrient solution
formula on micronutrients concentration in
leafy vegetables.

Mixture of Nutrient Concentrations ( ppm)
Substrate solution Fe Mn Zn
F1 3.85¢f 4.200 3.76¢
F2 1710 4,744 4,014
F3 2.93" 5.14°¢ 4.30°
M1 F4 5.12% 6.03 4,710
F5 4.35¢ 4,330 3.64¢
F6 3.67% 1.841 4.34°
F1 4,13 4.70% 287"
F2 3.64% 4,91 3.78¢
F3 5.322 5.47° 4.44¢
M2 F4 3.93% 259" 2.85f
F5 3.559 4.229 4,07¢
F6 4,940 4.50¢f 5.272
F test *x *x *x
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As to the effect of two types of substrate mixture on
the Fe, Zn and Mn concentration in spinach, it can be seen
from Table (14) that those elements concentrations were
relatively higher in plants grown in second substrate mixtures
(M2) in most cases.

Table 13. Effect of different nutrient solution on average
values of micronutrients concentration in spinach
plants grown in both mixture of substrates

Nutrient solution Micronutrient conc. in plants ppm

Treatments Fe Mn Zn

F1 3.994 4.45° 3.31¢
F2 2.67¢ 4.83° 3.89¢
F3 413° 5.302 437"
F4 4522 431™ 3.78°
F5 3.95¢ 4.27¢ 3.85¢
F6 431° 317 4.80°
F test il ** il

Table 14. Effect of two substrate mixture on micronutrients
concentration in leafy and fruit vegetables

Substrate micronutrient conc. in plants ppm
mixture Fe Mn Zn
M1 3.60° 438 413
M2 4252 4.40° 3.88°
F test ** ns *x

Data from table (14) showed that, under using
substrate mixed M2 Fe are available in spinach more than
substrate mix M1. Also, M2 record high reading for Mn in
spinach.M1 increase Zn concentration in spinach. According
to (Benito et al., 2005), using organic fertilizer integration
with mineral nutrient solution improves the fertilizer capacity.
However, the leafy vegetables (spinach) require the balance
addition of a suitable nutrient solution to obtain the amount of
vegetative growth.

CONCLUSION

The results of this experiment indicate that the type
of nutrient solution formulations is very important factor
in determining the spinach yield through its effect on dry
matter accumulation in the plant. Moreover, solid
substrates and growing media are available in Egypt, we
have a huge reserve from natural source of sand as solid
aggregate hydroponic media Vermiculite and perlite and
peat moss can be also manufactured for soilless cultures.
Thus, the choice the mixture of substrates in soilless
cultures can be used in arid region of the world, such as the
developing countries of the Middle East to provide
intensive food production (or growing fresh vegetables) in
a limited area, where land is non —arable and water is scare,
In area where fresh water is not available, soilless cultures
can use seawater through desalination.
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