
Euphrates Journal of Agricultural Science-17 (4):457-481, (Dec. 2025)           Allawi& Hussein                         

 

757 
 

Impact of Different Types of Inert Substrates and Foliar Applications with 

Biostimulators on Some of Growth and Yield Characteristics of Lettuce Plants 

(Lactuca sativa L.) Under Soilless Culture Conditions 

1 Shallaw Muhammad-Jaza Hussein  2 Mohammed Moustafa Allawi 

1University of Sulaimani, College of Agricultural Engineering Sciences, Department of 

Horticulture, Kurdistan Region, Iraq 

2University of Baghdad, College of Agricultural Engineering Sciences, Department of Horticulture 

and Landscape Design, Iraq 

shallaw.hussen@univsul.edu.iq drmallawi@gmail.com 

  

ABSTRACT: 

This factorial experiment was conducted according to randomized complete block design 

R.C.B.D. in a plastic green house of Horticulture Department, College of Agricultural Engineering 

Sciences, University of Sulaimani, Sulaymaniyah, Kurdistan region of Iraq, during the growing 

seasons of 2024-2025 to investigate the impact of different types of inert substrates which is the 

first factor and foliar application of biostimulators which is the second factor on some of growth 

and yield characteristics of lettuce plants under soilless culture conditions. The first factor included 

perlite (S1), cocopeat (S2), cocopeat-perlite 3:1 (S3), and cocopeat-perlite 1:3 (S4). The second 

factor consisted of vermi-tea (B1), amino acids with seaweed extract (B2), and a mixture of both 

(B3). Comparisons among the means were performed using Duncan multiple range test (α=0.05). 

Results showed that cocopeat substrate (S2) was significantly higher in mineral content in folded 

leaves; which included nitrogen, phosphorus, and potassium , by recording (2.87%), (0.28%), 

(2.86%) respectively, it also surpassed other substrates in relative chlorophyll content in leaves, 

plant yield, total marketable yield, concentration of carbohydrates in leaves, and concentration of 

carotenoids in leaves by recording (24.36 SPAD unit), (443.95 g), (48.40 Mg h
-1

), (76.59 mg 100g
-1

 

DW), and (553.09 mg 100g
-1

 DW) respectively. Foliar application of B3 significantly improved 

mineral content in leaves including nitrogen, phosphorus, potassium, magnesium, and iron by 

recording (2.86%), (0.29%), (2.81%), (0.36%), (149.28 mg kg
-1 

DW) respectively. Interaction 

treatment of S2B2 gave the best results in N, K, and total marketable yield by recording (3.30%), 

(3.10%), (55.90 Mg h
-1

) respectively, while S2B3 gave the best results in nitrogen, phosphorous, 

and concentration of carbohydrates  in leaves by recording (3.30%), (0.33%) ,(82.66 mg 100g
-1 

DW) respectively, S3B3 increased P (0.33%), Mg (0.42%), Fe (159.90 mg kg
-1

 DW), reduced 

nitrate accumulation in folded and unfolded leaves (1.91 and 1.10 mg 100g
-1

 DW respectively). 

Keywords: Cocopeat, vermi-tea, perlite, substrate culture, amino acids with seaweed extract 

 

INTRODUCTION 

 

Lettuce is considered one of the 

important leafy vegetables due to its contents 

as it is rich in vitamin A, C, and K as well as 

various minerals such as C, Fe, and Mg, has a 

high water content (around 95%) and dietary 

fibers, it also contains a considerable amount 
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of carotenoids, polyphenols, and flavonoids 

(Shi et al., 2022). Lettuce also known for its 

low contents of calories, sodium and fats, 

which in turn makes it a good option for 

healthy diet (Ciriello et al., 2021). According 

to Central Statistical Organization  of Iraq 

(2023) lettuce production in Iraq achieved an 

average yield of 2.702 tons dunum
-1
 resulting 

in a total production of 36,326 tons in 2022. 

Soilless culture has expanded by using 

various types of inert media to eliminate soil 

problems and soil-borne diseases and 

reducing agricultural practices before sowing 

and transplanting such as plowing, weeding, 

preparing terraces and planting lines, 

additionally reducing water consumption, 

having complete control over environmental 

conditions, and reducing fertilizers waste and 

production costs (Fussy & Papenbrock, 

2022). Soilless culture is known for its use of 

nutrient solutions that are prepared and 

delivered to different inert media, with 

constant monitoring of pH and EC to avoid 

the negative changes on plants growth, 

nutrient solution prepared according to the 

type of plant and its growth stage (Sambo et 

al., 2019). pH ranging between 5.5 and 6.8 

and EC ranging between 0.8-2.8 dS m
-1 

are 

preferable by many vegetables, higher or 

lower values will cause nutrients deficiency 

or toxicity (Al Meselmani, 2022; Fussy & 

Papenbrock, 2022). There are different types 

of standard nutrient solution, each has its own 

set of nutrients concentration such as 

Hoagland, Steiner, and Cooper standard 

nutrient solutions (Combrink & Kempen, 

2019). Soilless culture divided into three 

types: Hydroponic, this type uses water as 

media to grow plants, as roots are submerged 

in water and exposed directly to the nutrient-

rich solution (Rajendran et al., 2024). 

Aeroponic, in this type plants grow without 

growing media as the roots remain suspended 

in the air while the nutrient-rich solution is 

delivered directly to the root system through a 

misting or fogging process (Kotzen et al., 

2019). Substrate culture, this type uses inert 

media or a mixture of  medium as mechanical 

support and for the roots to grow (Monsalve 

Camacho et al., 2021). Growing media used 

in soilless culture can be either organic and 

inorganic, each has its own physical and 

chemical properties and characteristics 

(Bihari et al., 2023). Cocopeat substrate has 

good chemical and physical properties such as 

cation exchange capacity (CEC) ranging 39-

60 meq 100g
-1

 (Agarwal et al., 2023). pH 

ranging from 5.5 to 7.0, has 80 to 100 kg m
-3

 

(Verasoundarapandian et al., 2021; Singh et 

al., 2024). According to Tuckeldoe et al. 

(2023), when using coconut peat as growing 

medium it improved growth and yield of 

sweet pepper (Capsicum annum L.). Perlite is 

an inert inorganic substrate that has a pH 

ranging from 6.5-8 and water retention 

capacity completely dependent on particle 

size (Bar-Tal et al., 2019). Jordan et al. 

(2018)  stated that lettuce had the most 

effective average weight when grown in 

coconut coir under both hydroponic and 

aquaponic systems with an average weight of 

2.58 kg m-2 and 2.83 kg m-2, respectively. 

Raj et al. (2023) found that growing lettuce 

crops under Dutch buckets and NFT system 

with coconut coir as medium gave the highest 

result in terms of growth, yield, and quality 

compared to lightweight expanded clay 

aggregate (LECA) and rockwool. Perlite is 

chemically inert with no CEC and very low 

EC around 0.08 dS m
-1

; therefore, it is unable 

to retain any nutrients (Alam et al., 2024). 

Rahman et al. (2019) illustrated that when 

mixing different types of substrates in 

different ratios, it improved characteristics of 

the substrate and gave better results in term of 

growth and yield. Biostimulators are non-

toxic compounds that improve plant 

metabolism when applied in a minor quantity 

without causing any changes in their natural 

pathways, and they are mostly of a natural 
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source (Jindo et al., 2022). Biostimulators can 

improve natural biological processes, such as 

increase tolerance to biotic and abiotic 

stresses, improve nutrient uptake and 

utilization, water use efficiency, plant yield 

and quality (Mounaimi et al., 2024). There 

are many types of biostimulators and they are 

well known as eco-friendly substances, some 

groups contain different types of hormones 

such as seaweed extracts, and groups 

containing amino acids substances such as 

glutamate and histidine (Dasgan et al., 2024). 

Vermicompost tea or vermi-tea is considered 

a biostimulator that contains organic 

substances such as humic and nutrients as 

well as microorganisms and plant growth 

regulators (Joshi et al., 2020). due to the 

content of vermi-tea when applying it either 

as foliar application or drenching it improved 

root growth and nutrient uptake, and acted as 

biocontrol against many diseases (Aslam et 

al., 2023). According to Arancon et al. (2019) 

using vermi tea as foliar application 

significantly improved the growth and yield 

of both lettuce and tomato even when the 

recommended nutrient ratio decreased to 25% 

and 50%. Spraying bak choy with vermi-tea 

improved plant growth with the highest leaf 

fresh weight (0.444 kg) when a concentration 

of 25% vermi-tea was used along with 

synthetic nutrient (Pearson et al., 2023). 

Amino acids is another biostimulator and are 

the vital components of primary metabolism 

and serve as the building blocks in the 

synthesis of proteins, they have positive 

effects on plant growth, development and 

yield, also the ability to significantly reduce 

the impact of injuries and stresses from biotic 

and abiotic sources as they can enhance plant 

resistance to stresses (Kocira et al., 2020). 

Seaweed extracts contain several complex 

biochemical compositions such as 

polysaccharides, hormones, as well as macro 

and micro nutrients, vitamins, amino acids, 

pigments, antioxidants, lipids and 

carbohydrates. However, their concentration 

and composition varies from species to 

another (Pereira et al., 2020; El-Beltagi et al., 

2022). Furthermore, seaweed extracts can be 

used either as soil amendment or as foliar 

application, as it can improve plant tolerance 

to biotic and abiotic stress as well as 

enhancing nutrient uptake, root development, 

chlorophyll content, growth, yield and fruit 

quality (Mukherjee & Patel, 2020). Kocira et 

al. (2020) stated that amino acids and 

seaweed extracts both significantly increased 

yield, antioxidant levels, protein content, 

flavonoids, and phenolics in beans (Phaseolus 

vulgaris L.). Shafie et al. (2021) also stated 

that foliar application of seaweed extracts (2 

ml L-1) and amino acids (3 ml L-1) on yarrow 

plants (Achillea millefolium L.) enhanced 

growth, antioxidant, and nutrient uptake. 

MATERIALS AND METHODES 

The factorial experiment was conducted in a 

plastic greenhouse of Horticulture 

Department, College of Agricultural 

Engineering Sciences, University of 

Sulaimani, Sulaymaniyah, Kurdistan Region 

of Iraq during 2024-2025 growing season. 

The site of the experiment is situated between 

35°32'11.0" N latitude and 45°21'55.0" E 

longitude. The design of the experiment was 

randomized complete block design 

(R.C.B.D.) with forty-eight treatments 

divided on three replicates (sixteen treatments 

per replicate), and each treatment consisted of 

nine lettuce plants. The first factor (S) was 

inert substrates included perlite (S1), cocopeat 

(S2), cocopeat-perlite 3:1 (S3) and cocopeat-

perlite 1:3 (S4). The second factor (B) was 

foliar application of biostimulators, which 

consisted of treatment without biostimulators 

(B0) vermi-tea (B1), amino acids with 

seaweed extract (B2) and the mixture of both 

types (B3). The experiment was conducted on 

two A-frame stands supported by twelve 
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channels, and these channels are divided into 

48 treatments that arranged vertically so that 

all treatments will be exposed to the same 

environment, each treatment separated by a 

plastic wall to avoid substrates and roots from 

mixing with each other. The shape of the 

channels was trapezoidal, and the area of each 

treatment was 80cm x 60cm. Each treatment 

consisted of three separated trapezoidal 

channels with the following dimensions: 80 

cm x (top width 16 cm and bottom width 13.5 

cm) x 14 cm. Pieces of filter were placed at 

the bottom of each channel to prevent the 

substrates from clogging drainage channels. 

Experiment Materials 

Romaine lettuce Farid F1 plants were used in 

this experiment, seedlings transplanted to the 

growing channels when four true leaves 

formed on 16
th

 of November 2024. Tap water 

was used in this experiment, and analyzed by 

Lab. Food and Water, Directorate of 

Preventive Health, Directorate of Health - 

Sulaymaniyah before preparing the nutrient 

solution (Table 1). 

Table 1: Some chemical properties of the 

tap water used to prepare nutrient 

solution. 

Name Result 

pH 7.90 

EC 0.30 dS m
-1 

Na 5.30 ppm 

K 1.20 ppm 

NO3 5. ppm 

Ca 47 ppm 

Mg 50 ppm 

Nutrient solution used in this experiment was 

based on Cooper’s standard nutrient solution 

with some adjustments made to it. Two ratios 

of nutrient solution were used for two 

different growth stages (Table 2).  

 

 

 

Table 2: Types of salts and their weights 

used during the experiment to prepare the 

nutrient solution. 

1
st
 Ratio (22/11/2024 to 31/12/2024) 

Fertilizer name Amount (g L
-1

) 

NPK (30-10-10 + TE) 0.75
 

NPK (20-20-20 + TE) 0.15
 

Trace Elements 0.25
 

Mg 0.34
 

Ca 1 (foliar application) 

2
nd

 ratio (1/1/2025 – 25/3/2025) 

NPK (20-20-20 + TE) 0.80
 

Trace Elements 0.25 

Mg 0.34 

Ca 1 (foliar application) 

pH, EC and total dissolved solids (TDS) of 

the prepared nutrient solution were checked 

with EC, TDS and pH meters after preparing 

the solution and before fertigation to ensure 

they are within the required range. During the 

experiment the pH ranged from 6.5-6.85, EC 

ranged from 1.4-1.8 dS m
-1

 and TDS ranged 

from 808-892ppm. Foliar application of Ca 

was carried out once every two weeks, and 

the first application was carried out after two 

weeks from transplanting. The experiment 

used an open system, and fertigation process 

was carried out by using drip irrigation 

system. The water pump attached to three 

tanks (200L each), these tanks are filled with 

the nutrient solution. Before fertigating the 

plants, the nutrient solution was properly 

mixed for five minutes by using a mixer 

installed within each tank, after ensuring that 

pH, EC and TDS were within the required 

range, the nutrient solution was pumped to the 

two A-frame stands. The flow rate of the 
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pump is set on 0.9 L h
-1

, and fertigation time 

and space between fertigation varied 

according to the surrounding environment, 

moisture content of the substrates and growth 

stage of the plants (Figure 1). 

 

 

Figure 1: Fertigation system used during 

the experiment period. 

Biostimulators preparation and application 

Vermi-tea was prepared from vermicompost 

two days prior to foliar application process by 

soaking 2kg of vermicompost wrapped in a 

cloth sack in 5L of deionized water for 48 

hours and supplied with oxygen. Then, 20 ml 

L
-1

 of brewed vermi-tea was diluted with 

deionized water and a drop of sodium 

sulfonate was added before foliar application 

process to reduce water surface tension 

(Cerna & Radores, 2022). Amino acids with 

seaweed extract solution was prepared for 

foliar application by diluting 2 ml in 1 liter of 

deionized water and a drop of sodium 

sulfonate was added to reduce water surface 

tension, then mixed properly in the spraying 

pump before foliar application. Foliar 

application of the biostimulators was 

conducted once every 14 days during the 

morning by wetting the plant completely, and 

the period between each type of foliar 

application of biostimulator was two days to 

avoid stressing out the plants. The first foliar 

application was conducted after two weeks 

from transplanting the seedlings to the 

growing channels, the process continued until 

the 7th application. 

 

 

Head formation and data collection 

Lettuce grown in S2 and S3 initiated head 

formation on 6th of January 2025, lettuce 

grown in S4 initiated head formation on 25th 

of February 2025, and lettuce grown in S1 

substrate failed to form heads. Three plants 

selected randomly from each treatment to find 

the followings: Mineral content in folded 

leaves (including N, P, K, Mg, and Fe) which 

are found by following (Cresser & Parsons, 

1979) procedure. Relative chlorophyll content 

in leaves found by using SPAD device. Plant 

yield, found by weighing the entire plant then 

the average mean was recorded. Total 

marketable yield was found by using equation 

given below: 

                                

 
     

 
     

 N= number of marketable plants per 

treatment. 

 W= average fresh weight of a treatment 

(kg). 

 A= area of the treatment (m
2
). 

 Factor 10=Megagram hectar
-1

. 

Nitrate concentration in folded and unfolded 

leaves, found by following the procedure of 

(Cataldo et al., 1975). Concentration of 

carbohydrates was estimated by using (Joslyn, 

1970) procedure. concentration of carotenoids 

was estimated by using (Choi et al., 2023) 

procedure. Data were analyzed statically 

using a computer application XLSTAT 

v21.2.59614 (Addinsoft, 2021). Duncan 
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multiple test range (α=0.05) was used to 

compare the means of the findings. 

 

 

RESULTS AND DISCUSSION 

Results shown in Table (3) indicates the 

significant effect of substrate factor on the 

content of N in the leaves as the maximum 

record was obtained from S2 substrate with a 

value of 2.87% and it was significantly higher 

than S1 treatment which gave 1.93%. While 

the highest record obtained from 

biostimulator factor was from B3 treatment 

(2.86%) compared to B0 treatment (2.09%) 

which gave the least significant difference 

than B3 by 26.31%. Results also showed that 

the interaction between study factors 

significantly affected leaf content of N in 

lettuce as treatment combination of S2B2 and 

S2B3 improved N content by 3.30 % with an 

increase ratio of 91.90% compared to S1B0 

which gave less result to this treatment 

(1.72%).  

Table (4) indicates the impact of different 

types of inert substrates and foliar 

applications with biostimulators on unfolded 

leaf content of lettuce plants under soilless 

culture conditions. Results shows that S2 

contents of P in leaves was significantly 

higher than S1 as it recorded 0.28% in 

treatment S3 compared to S1 treatment which 

gave the least P content 0.21%. In 

biostimulator treatments, B3 treatment was 

significantly higher in P leaf content bye 

0.29% compared to B0 which it gave a 

minimum result of 0.23% and was 23.33% 

less than B3. A significant increase in P leaf 

content was successful achieved from 

combination of S2B3 and S3B3 as they gave 

the highest result ratio of 0.33%, the increase 

was 73.70% higher than S1B1 as it gave the 

least P leaf content percentage (0.19%) as 

showed in Table (4).  

Table 3: Impact of different types of inert substrates and foliar applications with 

biostimulators on Folded leaf content of N in lettuce plant (Lactuca sativa L.) under soilless 

culture conditions. 

                     

Biostimulator 

Substrate 

Folded leaf content of N (%) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 1.72 f* 2.05 de 1.83 ef 2.12 d 1.93 c 

Cocopeat (S2) 2.10 d e 2.80 c 3.30 a 3.30 a 2.87 a 

Cocopeat 3: Perlite 1 

(S3) 
2.32 d 2.97 bc 2.23 d 3.24 ab 2.69 b 

Cocopeat 1: Perlite 3 

(S4) 
2.23 d 2.83 c 3.24 ab 2.80 c 2.77 ab 

Mean of biostimulator 2.09 c 2.66 b 2.65 b 2.86 a CV*=5.20 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 
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Table 4: Impact of different types of inert substrates and foliar applications with 

biostimulators on Folded leaf content of P in lettuce plant (Lactuca sativa L.) under soilless 

culture conditions. 

                     

Biostimulator 

Substrate 

Folded leaf content of P (%) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 0.20 e* 0.19 e 0.21 de 0.27 bc 0.21 b 

Cocopeat (S2) 0.23 cde 0.26 bcd 0.3 abc 0.33 a 0.28 a 

Cocopeat 3: Perlite 1 

(S3) 
0.26 bcd 0.27 bc 0.27 bc 0.33 a 0.28 a 

Cocopeat 1: Perlite 3 

(S4) 
0.23 bcde 0.24 bcde 0.29 ab 0.26 bcd 0.25 a 

Mean of biostimulator 0.23 c 0.24 bc 0.26 b 0.29 a CV=8.10 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Table (5) shows the impact of different types 

of inert substrates and foliar applications with 

biostimulators on unfolded leaf content of K 

in lettuce plant under soilless culture 

conditions. There was no significant 

difference between S2, S3, and S4, however 

they gave higher percentage of K content than 

S1 treatment as it recorded 2.29%. Similarly, 

B1, B2, and B3 shown no significant 

difference between them but they were higher 

than B0 as it recorded the least value ( 

2.32%). A significant increase was achieved 

with a value of 63.20% from the interaction 

between cocopeat and amino acids with 

seaweed extract (S2B2) as it recorded the 

highest K leaf content (3.10%) compared to 

S1B0 treatment which gave the least value 

(1.90%) among the interaction treatments. 
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Table 5: Impact of different types of inert substrates and foliar applications with 

biostimulators on Folded leaf content of K in lettuce plant (Lactuca sativa L.) under soilless 

culture conditions. 

                     

Biostimulator 

Substrate 

Folded leaf content of K (%) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 1.90 e* 2.32 d 2.55 cd 2.40 d 2.29 b 

Cocopeat (S2) 2.54 d 2.81 abc 3.10 a 3.02 a 2.86 a 

Cocopeat 3: Perlite 1 

(S3) 
2.52 cd 2.92 a 2.61 bcd 2.96 a 2.75 a 

Cocopeat 1: Perlite 3 

(S4) 
2.33 cd 2.85 ab 2.98 a 2.86 ab 2.75 a 

Mean of biostimulator 2.32 b 2.72 a 2.81 a 2.81 a CV=5.40 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Results shown in Table (6) indicates that S2, 

S3, and S4  treatments shown no significant 

difference between each other. While S1 

treatment shown the least significant 

difference (0.24%). Mg leaf content 

percentage was significantly affected by 

biostimulator application as B3 treatment 

gave the best result (0.36%) while the least 

percentage was recorded from B0 which gave 

0.23%, while B1 and B2 treatments shown no 

significant difference between them. As 

showed in the table, interaction between inert 

substrates and biostimulators further 

improved Mg leaf content as combination 

treatment of S3B3 gave the best value 

(0.42%) this value was higher than that of 

S1B0 by 75% as S1B0 gave only 0.21%. 

Result provided in Table (7) explains the 

significant effect of inert substrate on 

concentration of Fe in leaves as S3 substrate 

treatment gave the highest value which is 

129.97 mg kg
-1

 dry weight, this value was 

higher than that obtained from S1 treatment 

by 35.65% as S1 treatment recorded 95.69 mg 

kg
-1

 dry weight. Applying biostimulators such 

as B3 further improved Fe concentration as it 

recorded the highest vale among other 

treatments (149.80 mg kg
-1

 dry weight) while 

the least value obtained from biostimulator 

treatments was from B0 (87.14 mg kg
-1

 dry 

weight). Same table shows that interaction 

between inert substrates and biostimulators 

significantly affected Fe concentration, the 

highest result recorded was from S3B3 

combination as they gave 159.90 mg kg
-1

 dry 

weight of Fe concentration compared to S1B0 

combination which gave the least result 71.70 

mg kg
-1

 dry weight. 
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Table 6:  Impact of different types of inert substrates and foliar applications with 

biostimulators on Folded leaf content of Mg in lettuce plant (Lactuca sativa L.) under soilless 

culture conditions. 

                     

Biostimulator 

Substrate 

Folded leaf content of Mg (%) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 0.21 g* 0.25 efg 0.24 fg 0.28 def 0.24 b 

Cocopeat (S2) 0.22 g 0.32 cd 0.31 cd 0.36 bc 0.30 a 

Cocopeat 3: Perlite 1 

(S3) 
0.25 efg 0.31 cd 0.27 def 0.42 a 0.31 a 

Cocopeat 1: Perlite 3 

(S4) 
0.27 def 0.29 def 0.30 de 0.38 ab 0.31 a 

Mean of biostimulator 0.23 c 0.29 b 0.28 b 0.36 a CV=8.10 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Table 7: Impact of different types of inert substrates and foliar applications with 

biostimulators on concentration of Fe in folded leaves in lettuce plant (Lactuca sativa L.) 

under soilless culture conditions. 

                     

Biostimulator 

Substrate 

Folded leaf content of Fe (mg kg
-1

 dry weight) 

Mean of 

Substrate Without 

biostimulators  
Vermi-tea 

Amino 

acids with 

seaweeds 

extract 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract 

Perlite (S1) 71.70 g* 88.34 efg 94.90 def 127.83 bc 95.69 c 

Cocopeat (S2) 78.13 fg 109.35 cde 128.80 bc 157.00 a 118.32 b 

Cocopeat 3: Perlite 1 

(S3) 
102.55 de 118.20 bcd 139.23 ab 159.90 a 129.97 a 

Cocopeat 1: Perlite 3 

(S4) 
96.20 def 106.60 cde 114.72 cd 154.50 a 118.00 b 

Mean of biostimulator 87.14 d 105.62 c 119.41 b 149.80 a CV=6.90 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Table (8) indicates the influence of inert 

substrates and foliar application of 

biostimulators on relative chlorophyll content 

in lettuce leaves under soilless culture. 

According to the results, S2, S3, and S4 had 

no significant difference between them, but 

they were higher than S1 treatment as it 

recorded the least significant difference 
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(19.48 SPAD unit). While biostimulator 

treatments did not show any significant 

influence on relative chlorophyll content in 

leaves. Interaction between study factors 

affected relative chlorophyll content, as the 

highest result achieved from interaction 

between S4 and B2 (25.94) while the least 

chlorophyll content observed from (S1B2) 

treatment as it recorded 18.34 only as showed 

in the table below.

Table 8: Impact of different types of inert substrates and foliar applications with 

biostimulators on relative chlorophyll content in leaves of lettuce plant (Lactuca sativa L.) 

under soilless culture conditions. 

                     

Biostimulator 

Substrate 

Relative chlorophyll content in leaves (SPAD unit) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 19.40 d* 21.10 cd 18.34 d 19.11 d 19.48 b 

Cocopeat (S2) 24.30 ab 23.74 abc 24.70 ab 24.70 ab 24.36 a 

Cocopeat 3: Perlite 1 

(S3) 
23.90 abc 23.10 abc 22.11 bc 23.55 abc 23.16 a 

Cocopeat 1: Perlite 3 

(S4) 
22.98 abc 23.74 abc 25.94 a 23.99 abc 24.16 a 

Mean of biostimulator 22.64 a 22.92 a 22.77 a 22.83 a CV=6.30 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Results in Tables (3-7) show the significant 

impact S2 and S3 substrates on the 

concentration of the nutrients in lettuce 

leaves, and this might be due to the chemical 

and physical characteristics of cocopeat 

substrate, as it is characterized by its good 

porosity levels which in turn gave a good 

balance between water and air around the root 

system; thus, improved water and nutrients 

uptake (Mariotti et al., 2020). Cocopeat 

substrate is also known for its ability to retain 

water, and have chelating properties as it can 

hold the nutrients and prevent them from 

leaching due to the presence of carboxyl and 

phenol groups, which has the ability to 

chelate K, Mg, Ca and NH4 ions. This in turn 

allows the root system to absorb them easily 

(Agarwal et al., 2023; Stelte et al., 2023). 

Because of such properties, concentration of 

these minerals increased in plant tissues. 

Therefore, such increase in these minerals is 

beneficial to the plants. These results are in 

agreement with the results found by (Sahin, 

2023; Kim & Yoo, 2024).  

Results given in the same tables show the 

significant effect of biostimulator B2 

treatment on concentration of minerals in 

lettuce leaves. This is due to the role of amino 

acids with seaweed extract in improving plant 

growth as amino acids are considered the 

primary building blocks of proteins in plants, 

is also involved in the pathways of creating 

enzymes and plant hormones which improve 

plant growth by enhancing carbon 

construction efficiency and ease nutrients 

absorption and transportation in the plant 

(Colla et al., 2017). Treating plants with 

amino acids with seaweed extract can reduce 
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energy consumption. Plants consume large 

amounts of energy in order to absorb N in the 

form of NO3
-
 and NH4

+ 
and convert it into 

amino acids. Thus, foliar application of amino 

acids with seaweed extract might have 

reduced energy that the plants used in other 

metabolic activities, and some of these amino 

acids are considered prefixes in the 

construction of some plant hormones (Baqir 

et al., 2019; Altai et al., 2020; Heidarzadeh, 

2025). For instance, the amino acid 

tryptophan contributes as a precursor in the 

creation of IAA which promotes cell 

elongation and root growth, while the amino 

acid methionine contributes in the synthesis 

of ethelyn and polyamines which affect cell 

division, and the amino acid arginine involved 

in the production of nitric oxide (NO), which 

plays an essential role in regulating the 

opening and closing of the stomata (Bajguz & 

Piotrowska-Niczyporuk, 2023; Graska et al., 

2023). The increase in the concentration of Fe 

in the amino acids with seaweed extract 

treatment as showed in (Table 7) can be due 

to some amino acids such as glycine, as it can 

bind to with other trace elements such as Fe to 

form complexes that prevent the loss of these 

trace elements, and in turn it can be easily 

absorbed by the leaves or the root system; 

thus, improve plant growth due to the various 

roles of these trace elements in different 

metabolic activities (Trevisan et al., 2024). 

Amino acids with seaweed extract had an 

essential role due to their content of 

phytohormones and hormone-like 

compounds, such as Glycosides which 

promotes cell division and elongation, 

Cytokinesis which delays plant aging by 

delaying chlorophyll degradation and 

Gibberellin (Ali et al., 2021).  

The increase in concentration of nutrients in 

the interaction between study factors might be 

due to the synergistic effect between the 

components, physical and chemical 

characteristics of cocopeat substrate and the 

essential contents of biostimulators and 

specifically amino acids with seaweed extract 

and their primary roles in plant metabolic 

activity (Colla et al., 2017; Mariotti et al., 

2020). Vermi-tea is distinguished as a 

biostimulator as it contains high concentration 

of nutrient minerals (N, P, K, Mg and Ca) in 

an available form that can be absorbed easily 

by the plants (Aslam et al., 2020). It also 

contains plant growth promoting rhizobacteria 

(PGPR), which can improve and enhance 

plants growth and yield (Musa et al., 2018). 

Vermi-tea also known for its ability to 

improve tolerance toward biotic and abiotic 

stresses (Jiang et al., 2023). The results 

obtained from this experiment are in 

agreement with the results found by (Khan et 

al., 2015; Alkobaisy et al., 2021). 

Furthermore, vermi-tea contains amino acids 

which are organic nitrogenous compounds 

contain high amount of N, when the plant 

absorbs these compounds, the root system 

releases bicarbonate (HCO3
-
) and hydroxide 

(OH
-
) into the nutrient solution which in turn 

inhibited nitrate absorption (NO3
-
) and other 

anions (Ali et al., 2022). Moreover, vermi-tea 

also contains natural chelated compounds 

which has a role in improving permeability of 

protective cell membranes in the roots, and 

this in turn enhances nutrients uptake 

(Arancon et al., 2006). Therefore, an increase 

in Fe
+
 in the plant can be due to the presences 

of chelated compounds and various acids in 

vermi-tea that might contributed in reducing 

Fe
+3

 to Fe
+2 

and chelating it which in turn 

increased its concentration in the plant as 

indicated in Table (7).  

Results of B3 showed a significant impact on 

the concentration of nutrients in the leaves. 

This can be due to their contents of organic 

compounds and growth hormones contributed 

in increasing the concentration of these 

nutrients in the plant through improving root 
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system growth and nutrient uptake 

(Battacharyya et al., 2015; Elansary et al., 

2016). Furthermore, seaweed extracts contain 

polysaccharides, such as alginates and 

fucoidan which improved plant’s ability to 

store water, and contain compounds similar to 

elicitors and betaine compounds that have an 

essential physiological role in plant as well as 

promoting defense mechanism against biotic 

and abiotic stresses (Kumar et al., 2024). 

Thus, from the results obtained and showed in 

the tables mentioned above, increasing in 

nutrient concentration in plant contributed in 

promoting strong root system, which in turn 

improved nutrients and water uptake as well 

as improved vegetative growth characteristics, 

and this affected the quality and yield of 

lettuce heads. 

Results showed in (Table 9) indicates the 

impact of inert substrates on the yield of 

lettuce plants under soilless culture 

conditions. The result of plant yield of lettuce 

plants grown in S2 treatment was 

significantly higher (443.95g) than those 

grown in S1 treatment (95.21g), while S3 and 

S4 had no significant difference between 

them. On the other hand, biostimulator 

treatments did not show any significant effect 

on plant yield. While an interaction between 

study factors (S2B0) obtained a significant 

record (526.41g) compared to S1B2 as it gave 

a minimum record of 50.10g which it was 

significantly lower than S2B0 by 90.50% as 

showed in the table below. 

Table 9: Impact of different types of inert substrates and foliar applications with 

biostimulators on the yield of lettuce plant (Lactuca sativa L.) under soilless culture 

conditions. 

                     

Biostimulator 

Substrate 

Plant yield (g) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 59.75 d* 106.00 d 49.50 d 165.00 d 95.06 c 

Cocopeat (S2) 526.41 a 369.25 bc 487.25 ab 392.91 bc 443.95 a 

Cocopeat 3: Perlite 1 

(S3) 
315.20 c 316.00 c 278.10 c 379.50 bc 322.17 b 

Cocopeat 1: Perlite 3 

(S4) 
402.70 bc 324.70 c 397.12 bc 378.25 bc 375.69 b 

Mean of biostimulator 326.01 a 278.98 a 303.11 a 328.91 a CV=22.30 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Table (10) shows impact of different types of 

inert substrates and foliar applications with 

biostimulators on total marketable yield of 

lettuce plant under soilless culture conditions. 

Results shows that S2 treatment was 

significantly higher than other treatments by 

given total marketable yield of 48.40 Mg h
-1

 , 

S3 and S4 shown no significant difference 

between them, while lettuce grown in S1 

treatment was unable to form any heads, thus 
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gave 0 Mg h
-1

. Treating lettuce with 

biostimulators did not give any significant 

effect on total marketable yield. However, 

when it comes to the interaction between 

study factors, there was a significant increase 

in S2B2 treatment, as it gave more yield 

compared to other treatments (55.90 Mg h
-1

), 

while interaction treatments of perlite and 

biostimulators gave no yield due to lack of 

marketable heads (0 Mg h
-1

) as showed in 

Table (10).  

Table (11) explains the influence of inert 

substrate and biostimulators on the 

concentration of nitrate in folded leaves, inert 

substrates significantly affected nitrate 

concentration as the lowest value recorded 

from S4 treatment (2.40 mg g
-1

 dry weight), 

while there was no significant difference 

between S2 and S4 treatments. While the 

highest concentration was found in S1 

treatment (2.47 mg g
-1

 dry weight). On the 

other hand, B3 treatment recorded a 

significant lower nitrate concentration (2.09 

mg g
-1

 dry weight) compared to B0 and B1 

treatments as they gave the highest nitrate 

concentration in leaves (2.48 and 2.57 mg g
-1

 

dry weight, respectively) among the 

biostimulators which was 28.60% higher than 

B3 treatment. The interaction between inert 

substrate and biostimulators specially 

treatment (S3B0) recorded the highest nitrate 

concentration in leaves (2.74 mg g
-1

 dry 

weight) while S3B3 was significantly lower 

as it recorded 1.91 mg g
-1

 dry weight of 

nitrate concentration in folded leaves. 

Table 10: Impact of different types of inert substrates and foliar applications with 

biostimulators on total marketable yield of lettuce plant (Lactuca sativa L.) under soilless 

culture conditions. 

                     

Biostimulator 

Substrate 

Total marketable yield (Mg h
-1

) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 0 f* 0 f 0 f 0 f 0 c 

Cocopeat (S2) 54.22 ab 39.40 bcde 55.90 a 44.10 abc 48.40 a 

Cocopeat 3: Perlite 1 

(S3) 
34.33 cde 34.00 cde 35.60 cde 42.62 abcd 36.63 b 

Cocopeat 1: Perlite 3 

(S4) 
29.50 cde 26.25 de 24.30 e 38.23 bcde 29.57 b 

Mean of biostimulator 29.51 a 24.91 a 28.95 a 31.23 a CV=31.00 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 
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Table 11: Impact of different types of inert substrates and foliar applications with 

biostimulators on concentration of nitrate in folded leaves in lettuce plant (Lactuca sativa L.) 

under soilless culture conditions. 

                     

Biostimulator 

Substrate 

Concentration of nitrate in folded leaves (mg g
-1

 dry 

weight) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 2.60 ab* 2.60 ab 2.40 bcd 2.30 cd 2.47 a 

Cocopeat (S2) 2.40 bcd 2.64 ab 2.25 cd 2.20 def 2.37 ab 

Cocopeat 3: Perlite 1 

(S3) 
2.74 a 2.50 abcd 2.30 cd 1.91 f 2.36 ab 

Cocopeat 1: Perlite 3 

(S4) 
2.20 de 2.54 abc 2.35 bcd 1.97 ef 2.26 b 

Mean of biostimulator 2.48 a 2.57 a 2.32 b 2.09 c CV=6.00 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

According to the results showed in (Table 12) 

there was no significant impact on nitrate 

concentration in unfolded leaves of lettuce 

plants between substrate treatments. While 

(B3) recorded the least nitrate concentration 

in unfolded leaves (1.21 mg g
-1

 dry weight) 

which was significantly lower than B1 

treatment as it gave 1.68 mg g
-1

 dry weight. 

Combining cocopeat and vermi-teat (S2B1) 

resulted in an increase in the nitrate 

accumulation by 66.40% as it recorded    1.83 

mg g
-1

 dry weight compared to S3B3 

treatment which yielded the least nitrate 

accumulation (1.1 mg g
-1

 dry weight) as 

showed in (Table 12). 
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Table 12:  Impact of different types of inert substrates and foliar applications with 

biostimulators on concentration of nitrate in unfolded leaves of lettuce plant (Lactuca sativa 

L.) under soilless culture conditions. 

                     

Biostimulator 

Substrate 

Concentration of nitrate in unfolded leaves (mg g
-1

 dry 

weight) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 1.43 cdef* 1.74 ab 1.44 cde 1.40 def 1.50 a 

Cocopeat (S2) 1.53 bcd 1.83 a 1.30 efg 1.21 fg 1.46 a 

Cocopeat 3: Perlite 1 

(S3) 
1.64 abc 1.64 abc 1.30 efg 1.10 g 1.42 a 

Cocopeat 1: Perlite 3 

(S4) 
1.72 ab 1.54 bcd 1.30 efg 1.14 g 1.42 a 

Mean of biostimulator 1.65 b 1.68 a 1.33 c 1.21 d CV=7.90 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Table (13) illustrate the effect of different 

types of inert substrates and foliar 

applications with biostimulators on 

concentration of carbohydrates in leaves of 

lettuce plants under soilless culture 

conditions. Results given in Table (13) 

indicates the significant effect of inert 

substrate on carbohydrates in leaves as 

treatment with S2 substrate achieved the 

highest value for this trait (76.59 mg g
-1

 dry 

weight) while S1 and S4 substrate gave the 

least carbohydrates value 63.66 and 65.56 mg 

g
-1

 dry weight, respectively. Applying 

biostimulators improved carbohydrates 

concentration in leaves, as B3 treatment 

obtained the highest value 76.55 mg g
-1

 dry 

weight which was higher than B1 treatment 

by 16.90% as B1 treatment gave 65.5 mg g
-1

 

dry weight of carbohydrates in leaves, 

however B0, B1, and B2 shown no significant 

difference between them. On the other hand, 

when S2 and B3 combined they gave the 

highest result possible among other treatment 

combinations (82.66 mg g
-1

 dry weight) while 

the least combination affected carbohydrates 

concentration was S1B1 treatment which 

recorded 60 mg g
-1

 dry weight. 

Results showed in Table (14) significant 

success of S2 substrate treatment in 

concentration of carotenoids in leaves which 

recorded 553.09 mg 100g
-1

 dry weight 

compared to S1 substrate treatment (364.90 

mg 100g
-1

 dry weight) as it was less than S2 

by 51.60%. While B2 and B3 treatment 

among other biostimulators was able to 

achieve the highest value by recording 528.08 

and 494.55  mg 100g
-1

 dry weight, 

respectively compared to B0 treatment which 

recorded the least (380.16 mg 100g
-1

 dry 

weight), B2 and B3 had no significant 

difference between each other. Combing S2 

and B1 significantly improved concentration 

of carotenoids in lettuce leaves by recording 

603.40 mg 100g
-1

 dry weight while the least 

result obtained from combination of S1B0 

which recorded only 259.60 mg 100g
-1

 dry 
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weight as showed in the Table (14) given below.

Table 13: Impact of different types of inert substrates and foliar applications with 

biostimulators on concentration of carbohydrates in leaves of lettuce plant (Lactuca sativa L.) 

under soilless culture conditions. 

                     

Biostimulator 

Substrate 

Concentration of carbohydrates in leaves (mg g
-1

 dry 

weight) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 60.85 f* 60.00 f 63.10 ef 70.70 bcde 63.66 c 

Cocopeat (S2) 73.79 bcd 74.83 abc 75.08 abc 82.66 a 76.59 a 

Cocopeat 3: Perlite 1 

(S3) 
66.76 cdef 65.60 def 72.31 bcd 78.70 ac 70.84 b 

Cocopeat 1: Perlite 3 

(S4) 
60.98 f 61.51 f 65.55 def 74.20 bc 65.56 c 

Mean of biostimulator 65.59 b 65.48 b 69.01 b 76.56 a CV=7.70 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 

Table 14: Impact of different types of inert substrates and foliar applications with 

biostimulators on concentration of carotenoids in leaves of lettuce plant (Lactuca sativa L.) 

under soilless culture conditions. 

                     

Biostimulator 

Substrate 

Concentration of carotenoids in leaves (mg 100g
-1

 dry 

weight) 

Mean of 

Substrate 
Without 

biostimulators 

(B0) 

Vermi-tea 

(B1) 

Amino 

acids with 

seaweeds 

extract (B2) 

Vermi-tea + 

amino acids 

with 

seaweeds 

extract (B3) 

Perlite (S1) 259.60 i* 395.97 gh 375.06 h 429.02 fg 364.91 d 

Cocopeat (S2) 448.35 f 603.40 a 579.40 a 581.21 a 553.09 a 

Cocopeat 3: Perlite 1 

(S3) 
429.27 fg 570.53 ab 530.16 cde 566.59 abc 524.13 b 

Cocopeat 1: Perlite 3 

(S4) 
383.43 h 524.05 de 493.61 e 535.53 bcd 484.15 c 

Mean of biostimulator 380.16 c 523.48 b 494.55 a 528.08 a CV=4.80 

*Different letters indicate there is a significant difference between the means according to 

Duncan’s multiple range test (α=0.05). 

*CV stands for coefficient of variation 
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According to the result given in Table (6) and 

(8), there was an increase in leaves content of 

Mg in S2 and S3 substrates and biostimulator 

mixture B3 treatment, which in turn increased 

the intensity of chlorophyll in leaves, an 

increase in chlorophyll content resulted in an 

increase in photosynthesis. Concentration of N 

nutrient in treatment S2 (Table 3) led to an 

increase in relative chlorophyll content in 

leaves (8), this led to an increase in plant 

metabolism by accumulation of carbohydrates 

and saccharase (Noor et al., 2023).  

Table (10) indicates the positive impact of 

cocopeat substrate (S2) as well as the 

interaction treatment of S2B2 on total 

marketable yield of lettuce plant, such 

superiority compared to other treatments can 

be due to the various beneficial contents in 

biostimulator (B2), such as plant growth 

hormones and chelating compounds, which 

had a positive role in increasing plant growth 

and metabolism, this in turn positively 

affected  total marketable yield of lettuce plant 

(İkiz et al., 2024).  

Table (13) refers to the significant impact of 

S2 and biostimulator mixture B3 as well as the 

combination of S2B3 on concentration of 

carbohydrates in lettuce leaves, such result can 

be due to the role of various content in 

biostimulator mixture which reduced or 

delayed chlorophyll degradation process and 

prolonged green pigment age as well as its 

content of different types of plant growth 

hormones such as auxins, gibberellins and 

cytokinins which improved photosynthesis 

efficiency. Therefore, such process led to an 

increase in carbohydrates accumulation in 

leaves (Pasković et al., 2024). The Delay in 

chlorophyll degradation led to continuous 

photosynthesis process. This in turn led to 

accumulation of carbohydrates, which also 

affected concentration of carotenoids in leaves 

by increasing its concentration as indicated in 

Table (14). Increase in concentration of 

carotenoids is due to the content of 

biostimulator mixture B2 and B3 of 

phosphorus and potassium that promotes 

pigment formation and enzymes that are 

connected to photosynthesis process (Ashour 

et al., 2024; Dasgan et al., 2024).  

Results from Table (12) show the significant 

decreases in nitrate accumulation in unfolded 

leaves of lettuce in S3 substrate and in 

biostimulator mixture (B3), this might be due 

to the aging process of old leaves which in 

turn decreased nitrate absorption and increased 

reduction activities due to high nitrate 

reductase enzyme activity which is responsible 

for converting nitrate to ammonium then to 

amino acids (Nieves-Silva et al., 2024). On 

the other hand, accumulation of proteins and 

other organic compounds took place in 

unfolded leaves due to reducing nitrate to 

amino acids and proteins, and since unfolded 

leaves are exposed to light more than folded 

leaves, there will be higher rates of 

photosynthesis and metabolism activities 

which in turn increase N reductase enzyme 

activity, and this will further decreases nitrate 

accumulation; therefore, decreases its 

concentration in unfolded leaves (Zayed et al., 

2023).  

Similarly, a significant decrease in nitrate 

accumulation in folded leaves in combination 

treatment of S3B3 as indicated in Table (11) 

can be related to the content of vermi-tea of 

various dissolved organic compounds, amino 

acids and plant hormones which promoted 

nitrate reductase enzyme and increased its 

activity. With such an increase in the enzyme 

activity, it led to an increase in nitrate 

conversion to NH4
+
 and amino acids. Vermi-
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tea is known for its content of fulvic acid and 

humic acid along with various essential 

nutrients (mostly N), which contributed in 

increasing photosynthesis process (Kocaman 

et al., 2024). Since cocopeat is known for its 

ability to store high amounts of water and 

nutrients (Stelte et al., 2023). Therefore, there 

was an increase in photosynthesis, and this 

increased the joining process of N with amino 

acids to form proteins, in turn reduced nitrate 

accumulation in folded leaves (Ruiz et al., 

2000). Vermi tea also known for its content of 

amines and peptides which might inhibit 

nitrate accumulation due to the presence of 

these compounds for the plants, as well as the 

presences of various beneficial 

microorganisms that contributed in nitrate 

reduction in leaves to different forms; thus, 

might be resulted in a decrease in nitrate 

concentration in folded leaves (Teixeira et al., 

2018). 

Conclusion 

Based on the results obtained from this 

experiment, we can conclude that Cocopeat-

based substrate (S2 and S3) consistently 

outperformed perlite based substrates (S1 and 

S4). Foliar application of amino acids with 

seaweed extracts (B2) and biostimulator 

mixture of vermi-tea and amino acids with 

seaweed extract (B3) gave the best 

improvement in terms of yield quality 

characteristics and nutrients uptake. 

Interaction between substrates and 

biostimulators gave the best result in yield and 

yield quality. Lettuce grown in S2 and S3 

substrates formed heads approximately 50 

days earlier than S1 and S4 substrates. 

Conversely, lettuce grown in S1 only failed to 

form marketable heads and overall performed 

poorly. 

Recommendations 

Based on the results achieved from this 

experiment, the following recommendations 

are given: It is recommended using cocopeat 

alone or mixed with other inert substrates to 

grow vegetables. Foliar application with 

biostimulators to improve growth, yield, and 

yield quality characteristics of vegetable 

crops. Preparing modified cooper’s standard 

nutrient solution from locally available 

nutrients. It is recommended using channels 

with wider spaces and depth to produce better 

yield and quality of vegetables. It is 

recommended using other organic inert 

substrates such as corn husks, rice husks, and 

wheat straws with biostimulators in different 

types of vegetables. 
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