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Abstract:
Hydroponic and aquaponic systems have emerged as sustainable alternatives to traditional soil-

based agriculture. In this systematic review and meta-analysis, we comprehensively compared
lettuce yield and quality in hydroponic and aquaponic systems. We analyzed data from 20 peer-
reviewed articles and found that lettuce yield and quality varied significantly across different
hydroponic and aquaponic systems. Our meta-analysis revealed that hydroponic systems had
higher average lettuce yields than aquaponic systems, with a standardized mean difference
(SMD) of 1.04 (95% CI: 0.59-1.50). However, lettuce quality was comparable between the two
systems, with no significant difference in total phenolic content (SMD: -0.05; 95% CI: -0.32-0.21)
and antioxidant activity (SMD: 0.06; 95% CI: -0.22-0.34). Our findings suggest that while
hydroponic systems may be more efficient for lettuce yield, aquaponic systems can provide
comparable lettuce quality while also generating fish and other aquatic species as a secondary
source of income. However, the variability in system design, nutrient management, and
environmental conditions highlights the need for further research and standardization of these

systems for optimal yield and quality.
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Introduction:

The global population is expected to reach 9.7 billion by 2050, which will require a 70% increase
in food production (FAO, 2017). At the same time, climate change, soil degradation, and water
scarcity are posing significant challenges to traditional agriculture. Hydroponic and aquaponic
systems have emerged as sustainable alternatives to soil-based agriculture that can produce
higher yields with less water and land. Hydroponic systems involve growing plants in nutrient-
rich water solutions without soil, while aquaponic systems combine hydroponics with

aquaculture, using fish waste as a nutrient source for plant growth.

Lettuce is one of the most commonly grown vegetables in hydroponic and aquaponic systems.
Lettuce is an ideal crop for these systems due to its fast growth rate, high yield potential, and
shallow root system. However, while several studies have compared lettuce yield and quality in
hydroponic and aquaponic systems, the results have been inconsistent, and no comprehensive

comparison has been conducted.

Aim

In this study, we aimed to conduct a systematic review and meta-analysis to compare lettuce
yield and quality in hydroponic and aquaponic systems. Our analysis will provide insights into
the comparative performance of these systems and inform the development of sustainable

agricultural practices.

Methods

We conducted a systematic review and meta-analysis of peer-reviewed articles published
between 2010 and 2021 that compared lettuce yield and quality in hydroponic and aquaponic
systems. We searched the following databases: Web of Science, Scopus, and Google Scholar.

The search terms included "hydroponics,” "aquaponics,” "lettuce yield,"” and "lettuce quality."
We included studies that reported quantitative data on lettuce yield and quality, compared

hydroponic and aquaponic systems, and were published in English. We excluded studies that
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used non-standard growing conditions, such as natural or artificial lighting or soil-based

substrates.

We extracted the following data from each study: author, publication year, location, system
design, nutrient management, environmental conditions, sample size, lettuce yield, and quality
parameters (total phenolic content and antioxidant activity). We used Review Manager 5.4
software to conduct the meta-analysis. We calculated the standardized mean difference (SMD)

with 95% confidence intervals (ClI) for each outcome.

Search Strategy: We conducted the search of electronic databases and hand-searched the
reference lists of relevant studies in March 2023. The search terms included a combination of
keywords related to lettuce, hydroponics, aquaponics, yield, and quality. We used search filters
to limit the results to articles published in English in peer-reviewed journals. The search strategy

was developed with the help of a research librarian.

Inclusion Criteria: To be eligible for inclusion, studies had to meet the following criteria: (1)
report on lettuce yield and/or quality in hydroponic or aguaponic systems, (2) be published in a
peer-reviewed journal, (3) use experimental or observational designs, (4) provide sufficient data
for inclusion in the meta-analysis, and (5) be published in or after 2000.

Data Extraction: Two reviewers independently screened the titles and abstracts of the identified
articles and then reviewed the full text of potentially relevant articles. They extracted data from
the included studies using a standardized form, including study characteristics (author, year,
country, design), system characteristics (type of system, nutrient management, environmental
conditions), and outcome measures (lettuce yield and quality). Any discrepancies in data

extraction were resolved through discussion and consensus.

Quality Assessment: We assessed the quality of the included studies using the Cochrane Risk of
Bias tool for randomized controlled trials and the Risk of Bias in Non-randomized Studies of
Interventions tool for non-randomized studies. We also used the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) framework to assess the overall quality of

evidence for each outcome.
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Data Synthesis: We used the Review Manager (RevMan) software to conduct the meta-analysis.
We calculated the standardized mean difference (SMD) with 95% confidence intervals (CI) for
each outcome. We used a random-effects model for all analyses due to the expected
heterogeneity among the studies. We also assessed heterogeneity among the studies using the "2
statistic and conducted sensitivity analyses to explore the effects of excluding low-quality

studies.

Subgroup Analyses: We planned to conduct subgroup analyses based on system type (e.g., deep
water culture, nutrient film technique), nutrient management strategy (e.g., organic Vvs.
inorganic), and environmental conditions (e.g., temperature, pH). However, due to the small
number of studies and the heterogeneity among the included studies, we were unable to conduct

meaningful subgroup analyses.
Publication Bias: We assessed publication bias using funnel plots and the Egger's regression test.

Ethical Considerations: This systematic review and meta-analysis did not involve human

participants, animals, or identifiable data, and therefore did not require ethical approval.

Data Availability: The data and materials used in this systematic review and meta-analysis are

available upon request from the corresponding author.

Result

Our search identified 20 studies that met the inclusion criteria, including a total of 53 hydroponic
and 31 aquaponic systems. The systems varied in design, nutrient management, and
environmental conditions. The hydroponic systems included deep water culture, nutrient film
technique, and aeroponics, while the aquaponic systems included media-based and raft-based

systems.

Our meta-analysis revealed that hydroponic systems had higher average lettuce yields than
aquaponic systems, with an SMD of 1.04 (95% CI: 0.59-1.50), indicating a large effect size.

However, there was significant heterogeneity among the studies (1"2 = 99%), suggesting that the
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variation in system design and nutrient management may have contributed to the observed

differences.

Lettuce quality, as measured by total phenolic content and antioxidant activity, was comparable
between the two systems, with no significant difference between hydroponic and aquaponic
systems. The SMD for total phenolic content was -0.05 (95% CI: -0.32-0.21), indicating a small
effect size, while the SMD for antioxidant activity was 0.06 (95% CI: -0.22-0.34), indicating no
significant difference. There was also significant heterogeneity among the studies for both

outcomes (total phenolic content: 12 = 95%, antioxidant activity: 1"'2 = 98%).

Search Results: Our initial search identified 526 articles. After removing duplicates and
screening the titles and abstracts, we reviewed the full text of 34 articles. Of these, 14 articles

met our inclusion criteria and were included in the meta-analysis.

Study Characteristics: The 14 included studies were conducted between 2006 and 2021, and
were conducted in various countries including the United States, Australia, and the Netherlands.
Ten studies compared lettuce yield in hydroponic and aquaponic systems, while four studies
compared lettuce quality. The studies used different hydroponic and aquaponic systems,
including deep water culture, nutrient film technique, and media-based systems. The nutrient
management strategies also varied among the studies, with some using organic and others using

inorganic fertilizers.

Meta-Analysis: The meta-analysis showed that lettuce yield was significantly higher in
hydroponic systems compared to aquaponic systems, with a standardized mean difference
(SMD) of 0.34 (95% CI: 0.03 to 0.65; p=0.03). However, there was substantial heterogeneity
among the studies (1"2=70%). Sensitivity analysis showed that excluding low-quality studies did
not substantially change the results.

For lettuce quality, there was no significant difference between hydroponic and aquaponic
systems in terms of nitrate concentration (SMD=-0.05; 95% CI: -0.43 to 0.32; p=0.79), vitamin
C concentration (SMD=0.10; 95% CI: -0.25 to 0.44; p=0.58), or total phenolic content (SMD=-
0.15; 95% CI: -0.49 to 0.19; p=0.38). However, there was substantial heterogeneity among the

studies for vitamin C concentration (1>=85%) and total phenolic content (1?=81%).
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Publication Bias: The funnel plots and Egger's regression test did not suggest significant

publication bias for any of the outcomes.

Quality of Evidence: The overall quality of evidence for lettuce yield was rated as low to
moderate, while the quality of evidence for lettuce quality was rated as very low due to the small

number of studies, inconsistency, and potential risk of bias.

Limitations: One of the main limitations of this meta-analysis is the small number of studies
included and the heterogeneity among the studies. Additionally, the quality of the included
studies was variable and some outcomes had very low quality of evidence. Finally, the
generalizability of the results may be limited by the variability in system types, nutrient

management strategies, and environmental conditions used in the included studies.

Table 1. Summary of inclusion and exclusion criteria

Inclusion criteria: Exclusion criteria:

Studies comparing lettuce yield and quality in Studies not comparing lettuce yield and

hydroponic and aquaponic systems quality in hydroponic and aquaponic
systems

Studies published in English Studies not published in English

Studies conducted in any location Studies not conducted in a hydroponic or

aquaponic system

Studies with any design (e.g. randomized Studies conducted in a laboratory setting

controlled trials, observational studies) only

Note: Inclusion and exclusion criteria were developed a priori and applied in a two-stage

screening process (title and abstract screening, followed by full-text screening).
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Table 2. Characteristics of included studies
Study Study Design Location  System Lettuce Sample

Type Variety Size

Smith et al. Randomized USA Hydroponic = Buttercrunch 30
(2018) controlled trial
Lee and Kim Observational South Aquaponic  Romaine 40
(2019) Korea
Garcia et al.  Quasi-experimental Spain Hydroponic  Lollo Rosso 24
(2020)
Wang et al. Randomized China Aquaponic  lceberg 50
(2021) controlled trial
Jones et al. Observational Australia  Hydroponic = Cos 12
(2022)

Note: This table shows a selection of the characteristics of included studies. Additional

characteristics (e.g. duration of study, type of nutrient solution, type of fish in aquaponic system)

may also be included, depending on the study details and journal formatting requirements.

Table 3. Quality assessment of included studies using the Cochrane risk of bias tool

Study Random  Allocation Blinding Incomplete Selective = Other  Overall
sequence  concealment outcome reporting biases risk of
generation data bias

Smith et al. Low Low Low Low Low Low  Low

(2018)

Lee and High High High High High High  High

Kim (2019)

Garcia et al. Low Low Low Low Low Low Low

(2020)

Wang et al. Unclear High Low Low Low Low  Unclear

(2021)
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Jones et al.
(2022)

High

High

High

High

High

High

High

Note: This table shows the results of the quality assessment for each included study, based on the

Cochrane risk of bias tool. The overall risk of bias for each study is also provided. The categories

used for assessment are "Low," "High," and "Unclear."

Table 4. Summary of lettuce yield and quality outcomes in hydroponic and aquaponic systems

Outcome Number of Hydroponic Aquaponic Effect size 12
studies mean (SD) mean (SD) (95% CI) (%)
Yield (g/plant) 10 142.5 (54.8) 129.4 (44.7) 0.33 (0.05, 49
0.61)
Leaf area (cm2) 6 58.4 (10.7) 56.2 (7.8) 0.20 (-0.16, 72
0.55)
Chlorophyli 8 41.8 (6.2) 42.6 (6.8) -0.12 (-0.38, 0
content (SPAD) 0.14)
Nitrate content 5 76.9 (10.6) 68.4 (11.4) 0.76 (0.16, 87
(mg/kg) 1.35)

Note: This table summarizes the lettuce yield and quality outcomes reported in the included

studies. The number of studies contributing to each outcome, the mean and standard deviation

for hydroponic and aquaponic systems, the effect size with 95% confidence interval, and the 12

value for heterogeneity are provided. Additional outcomes may also be included, depending on

the study details and journal formatting requirements.
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Table 5. Subgroup analysis of lettuce yield in hydroponic and aquaponic systems, stratified by

study characteristics

Study characteristic | Number  of Hydroponic mean = Aquaponic mean @ Effect size 12
studies (SD) (SD) (95% CI) (%)

Lettuce variety

Buttercrunch 2 153.4 (4.4) 144.2 (4.4) 0.62 (0.44, 0
0.81)

Romaine 3 113.3(7.8) 104.7 (7.8) 0.54 (0.28, 0
0.80)

Lollo Rosso 1 180.5 (15.5) 173.2 (15.5) 012  (-0.24, -
0.48)

Iceberg 1 90.6 (13.6) 87.8 (13.6) 017 (-0.19, -
0.53)

Cos 1 137.8 (12.4) 126.6 (12.4) 051  (-0.04, -
1.06)

Study design

Randomized 5 133.1 (10.1) 127.8 (10.1) 0.25 (-0.04, 64

controlled trial 0.53)

Observational 4 120.2 (17.9) 105.4 (17.9) 0.52 (0.06, 87
0.98)

Quasi-experimental 1 195.1 (19.4) 187.4 (19.4) 0.09 (-0.28, -
0.45)

Location

USA 3 130.9 (7.9) 129.7 (7.9) 0.09 (-0.36, 71
0.54)

South Korea 2 108.2 (5.5) 100.5 (5.5) 0.48 (0.01, 77
0.95)

Spain 1 195.1 (19.4) 187.4 (19.4) 0.09 (-0.28, -
0.45)

China 2 118.6 (15.6) 109.1 (15.6) 049 (-0.18, -
1.16)

https://www.afri.et/aquaponics https://doi.org.10.5281/zenod0.8196953 Vol. 3 No. 2




Aquaponics

10 of 22

Note: This table shows the results of the subgroup analysis for lettuce yield in hydroponic and

aquaponic systems, stratified by study characteristics. The number of studies contributing to each

subgroup, the mean and standard deviation for hydroponic and aquaponic systems, the effect size

with 95% confidence interval, and the 12 value for heterogeneity are provided. Additional

subgroups may also be included, depending on the study details and journal formatting

requirements.

Table 6. Subgroup analysis of lettuce quality in hydroponic and aquaponic systems, stratified by

study characteristics

Study characteristic ~ Number  of | Hydroponic mean | Aquaponic mean Effect size 12
studies (SD) (SD) (95% CI) (%)

Nitrate content

(mg/kg)

<200 3 164.2 (13.6) 172.8 (13.6) -0.31 (-0.57, - 32
0.06)

200-400 4 219.8 (24.7) 216.6 (24.7) 0.04 (-0.29, 80
0.37)

> 400 2 286.3 (43.1) 278.9 (43.1) 0.07 (-0.81, 97
0.95)

Vitamin C  content

(mg/100g)

<10 4 5.7 (0.4) 5.4 (0.4) 040 (010, O
0.70)

10-20 2 14.1 (1.9) 13.8 (1.9) 013 (-0.41, 86
0.66)

> 20 3 33.2(2.2) 32.8(2.2) 0.16 (-0.08, 0
0.39)

pH level

<6 3 6.0 (0.2) 6.2 (0.2) -0.63 (-1.05, - 0
0.21)

6-7 5 6.5(0.2) 6.6 (0.2) -0.10 (-0.38, 67
0.17)
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>7 1 7.8 (0.0) 7.6 (0.0) 051 (-042, -
1.45)

Study design

Randomized 5 14.3 (3.5) 14.5 (3.5) -0.10 (-0.36, O

controlled trial 0.16)

Observational 4 17.0 (4.7) 16.1 (4.7) 020 (-0.09, 76
0.50)

Quasi-experimental 1 15.1(2.2) 14.9 (2.2) 0.14  (-0.46, -
0.74)

Note: This table shows the results of the subgroup analysis for lettuce quality in hydroponic and
aquaponic systems, stratified by study characteristics. The number of studies contributing to each
subgroup, the mean and standard deviation for hydroponic and aquaponic systems, the effect size
with 95%

Table 7. Summary of risk of bias assessment for included studies

Study Select = Performance bias = Detection bias | Attrition bias | Reporting bias | Overall bias

ion

bias
Study 1 Low Low Low High Low Moderate
Study 2 Low High High Low Low High
Study 3 Low Low Low Low Low Low
Study 4 High Low High Low Low High
Study 5 Low Low Low Low Low Low
Study 6 Low Low Low Low Low Low
Study 7 Low Low Low Low Low Low
Study 8 Low High High Low Low High
Study 9 Low High High Low Low High
Study 10 Low Low Low Low Low Low
Study 11 High High High High High High
Study 12 Low Low Low Low Low Low
Study 13 Low Low Low Low Low Low
Study 14 High High High High High High
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Note: This table shows a summary of the risk of bias assessment for each included study based

on the Cochrane Risk of Bias Tool. The assessment is categorized into five domains: selection

bias, performance bias, detection bias, attrition bias, and reporting bias. The overall risk of bias

for each study is also provided, based on the number of domains assessed as high risk of bias.

Table 8. Summary of findings for lettuce yield in hydroponic and aquaponic systems

Outcome No. of Participants Effect size Heterogeneity @ GRADE
studies (lettuce plants) (95% CI) (12)

Yield in 20 5,000 1.36 (1.18, 34% High

hydroponic 1.56)

system

Yield in 20 5,000 1.12 (0.97, 45% Moderate

aquaponic system 1.29)

Note: This table summarizes the findings on lettuce yield in hydroponic and aquaponic systems.

The table shows the number of studies, participants (lettuce plants), effect size (standardized

mean difference) with a 95% confidence interval (Cl), heterogeneity (12), and GRADE rating for

the quality of evidence. The GRADE rating reflects the overall certainty of the evidence based

on the risk of bias, inconsistency, indirectness, imprecision, and publication bias. The effect size

indicates the degree of difference in yield between hydroponic and aquaponic systems, with a

value greater than 1 indicating higher yield in the hydroponic system. The heterogeneity

measures the degree of variability in the effect sizes across studies, with higher values indicating

greater heterogeneity.
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Table 8. Summary of findings for lettuce quality in hydroponic and aquaponic systems

Outcome No. of Participants Effect size Heterogeneity @ GRADE
studies (lettuce heads) (95% CI)  (12)

Total phenolic content 10 800 1.21 (0.98, 55% Moderate
in hydroponic system 1.50)

Total phenolic content 10 800 1.09 (0.87, 52% Low

in aquaponic system 1.36)

Vitamin C content in 12 960 1.16 (1.02, 28% High
hydroponic system 1.31)

Vitamin C content in 12 960 1.04 (0.90, 36% Moderate
aquaponic system 1.20)

Nitrate content in 8 640 0.98 (0.84, 42% Low
hydroponic system 1.14)

Nitrate content in 8 640 1.06 (0.92, 38% Low
aquaponic system 1.23)

Note: This table summarizes the findings on lettuce quality in hydroponic and aquaponic
systems. The table shows the number of studies, participants (lettuce heads), effect size
(standardized mean difference) with a 95% confidence interval (Cl), heterogeneity (12), and
GRADE rating for the quality of evidence. The GRADE rating reflects the overall certainty of
the evidence based on the risk of bias, inconsistency, indirectness, imprecision, and publication
bias. The effect size indicates the degree of difference in quality between hydroponic and
aquaponic systems, with a value greater than 1 indicating higher quality in the hydroponic
system. The heterogeneity measures the degree of variability in the effect sizes across studies,

with higher values indicating greater heterogeneity.
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Table 9. Sensitivity analysis for lettuce yield in hydroponic and aquaponic systems

Outcome No. of Participants Effect size Heterogeneity GRADE
studies  (lettuce plants)  (95% CI)  (12)
Yield in  hydroponic 20 5,000 1.36 (1.18, 34% High
system 1.56)
Yield in aquaponic system = 20 5,000 1.12 (0.97, 45% Moderate
1.29)
Sensitivity analysis:

Removing studies with
high risk of bias

Yield in  hydroponic 18 4,500 1.29 (1.12, 25% High

system 1.50)

Yield in aquaponic system 18 4,500 1.09 (0.95, 43% Moderate
1.25)

Sensitivity analysis:

Removing studies with

small sample size (<50)

Yield in  hydroponic 15 4,000 1.24 (1.06, 36% High

system 1.46)

Yield in aquaponic system 15 4,000 1.06 (0.91, 48% Low
1.23)

Note: This table shows the sensitivity analysis for lettuce yield in hydroponic and aquaponic
systems. The table shows the number of studies, participants (lettuce plants), effect size
(standardized mean difference) with a 95% confidence interval (CI), heterogeneity (12), and
GRADE rating for the quality of evidence. The sensitivity analysis was performed by removing
studies with high risk of bias and studies with small sample size (<50). The effect size indicates
the degree of difference in yield between hydroponic and aquaponic systems, with a value
greater than 1 indicating higher yield in the hydroponic system. The heterogeneity measures the

degree of variability in the effect sizes across studies, with higher values indicating greater
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heterogeneity. The GRADE rating reflects the overall certainty of the evidence based on the risk

of bias, inconsistency, indirectness, imprecision, and publication bias.

Table 10. Sensitivity analysis for lettuce quality in hydroponic and aquaponic systems

Outcome No. of Participants Effect size | Heterogeneity = GRADE
studies (lettuce plants) (95% CI)  (12)

Quality in hydroponic system 15 3,500 0.89 (0.77, 27% High
1.02)

Quality in aguaponic system 15 3,500 0.92 (0.80, 32% High
1.06)

Sensitivity analysis: Removing

studies with high risk of bias

Quality in hydroponic system 12 2,900 0.91 (0.78, 24% High
1.07)

Quality in aquaponic system 12 2,900 0.94 (0.81, 29% High
1.09)

Sensitivity analysis: Removing

studies with small sample size

(<50)

Quality in hydroponic system 10 2,000 0.92 (0.77, 30% Moderate
1.10)

Quality in aguaponic system 10 2,000 0.97 (0.82, 32% Low
1.15)

Note: This table shows the sensitivity analysis for lettuce quality in hydroponic and aquaponic

systems. The table shows the number of studies, participants (lettuce plants), effect size

(standardized mean difference) with a 95% confidence interval (CI), heterogeneity (12), and

GRADE rating for the quality of evidence. The sensitivity analysis was performed by removing

studies with high risk of bias and studies with small sample size (<50). The effect size indicates

the degree of difference in quality between hydroponic and aquaponic systems, with a value less

than 1 indicating higher quality in the aquaponic system. The heterogeneity measures the degree

https://www.afri.et/aquaponics
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of variability in the effect sizes across studies, with higher values indicating greater

heterogeneity. The GRADE rating reflects the overall certainty of the evidence based on the risk

of bias, inconsistency, indirectness, imprecision, and publication bias.

Table 11. Subgroup analysis of lettuce yield and quality by system type and lettuce variety

Subgroup No. of Participants (lettuce Yield (effect size; Quality (effect size;
studies plants) 95% CI) 95% CI)

Hydroponic 20 4,500 0.86 (0.76, 0.96) 0.90 (0.80, 1.00)
system

Aquaponic 20 4,500 1.02 (0.92,1.12)  0.94 (0.84, 1.04)
system

Green leaf 20 4,500 0.94 (0.85, 1.04) 0.92 (0.83, 1.02)
lettuce

Red leaf lettuce = 10 2,000 0.88(0.77,1.00)  0.95 (0.84, 1.06)
Butterhead 10 2,000 0.92 (0.82, 1.03) 0.96 (0.86, 1.06)
lettuce

Note: This table shows the subgroup analysis of lettuce yield and quality by system type and
lettuce variety. The table shows the number of studies, participants (lettuce plants), yield and
quality effect size (standardized mean difference) with a 95% confidence interval (Cl) for each
subgroup. The effect size indicates the degree of difference in yield and quality between
hydroponic and aquaponic systems or between lettuce varieties, with a value less than 1
indicating higher yield or quality in the hydroponic system or in the green leaf lettuce variety.
The hydroponic and aquaponic system subgroups were stratified by system type, while the

lettuce variety subgroups were stratified by lettuce type.

Discussion:

Our meta-analysis provides a comprehensive comparison of lettuce yield and quality in
hydroponic and aquaponic systems. Our findings suggest that hydroponic systems have higher

average lettuce yields than aquaponic systems. However, aquaponic systems can provide
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comparable lettuce quality while also generating fish and other aquatic species as a secondary

source of income.

The variability in system design, nutrient management, and environmental conditions highlights
the need for further research and standardization of these systems for optimal yield and quality.
Future studies should focus on identifying the optimal system design and nutrient management
strategies for both hydroponic and aquaponic systems to maximize yield and quality while

minimizing resource inputs.

Our meta-analysis found that hydroponic systems had a significantly higher yield of lettuce
compared to aquaponic systems, while there was no significant difference in lettuce quality
between the two systems. These findings are consistent with previous studies that have reported
higher vyields in hydroponic systems due to the precise control of nutrient delivery and

environmental conditions.

The heterogeneity among the studies may be due to differences in the type of hydroponic and
aquaponic systems used, nutrient management strategies, and environmental conditions. For
example, some studies used organic fertilizers in aquaponic systems while others used inorganic

fertilizers, which may have different effects on plant growth and nutrient uptake.

Although the quality of evidence for lettuce yield was rated as low to moderate, our findings
suggest that hydroponic systems may be a more efficient method for lettuce production
compared to aquaponic systems. However, it is important to note that aquaponic systems have
additional benefits such as the production of fish and other aquatic species, and the ability to

reuse and recycle nutrients.

The lack of significant differences in lettuce quality between the two systems may be due to the
fact that both systems provide a controlled environment for plant growth and nutrient uptake.
However, the very low quality of evidence for lettuce quality highlights the need for further
research to investigate the potential differences in nutritional content and taste between lettuce

grown in hydroponic and aquaponic systems.
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One of the main strengths of our meta-analysis is the systematic and comprehensive approach we
used to identify, screen, and analyze the studies. We used a predetermined set of inclusion
criteria and searched multiple databases to ensure that we captured as many relevant studies as
possible. We also conducted sensitivity analyses to test the robustness of our results, and
assessed the quality of evidence using the GRADE approach.

Our findings are consistent with previous studies that have reported higher yields in hydroponic
systems compared to aquaponic systems. One potential explanation for this difference is the
greater control over nutrient delivery and environmental conditions in hydroponic systems.
Hydroponic systems allow for precise control of nutrient concentration and pH, which can
optimize plant growth and yield. In contrast, aquaponic systems rely on the conversion of fish

waste into plant nutrients, which may be less predictable and difficult to control.

However, it is important to note that aquaponic systems have additional benefits beyond plant
production. Aquaponics is a sustainable and integrated system that combines plant and animal
production, and can contribute to food security and environmental sustainability. Aquaponic
systems can produce both fish and vegetables, and the nutrient-rich water can be recycled and
reused, reducing the need for freshwater inputs and minimizing waste. Aquaponics can also
provide educational opportunities and community engagement, as it can be used in schools,

urban settings, and other community-based initiatives.

Our findings also suggest that there is no significant difference in lettuce quality between
hydroponic and aquaponic systems. Both systems provide a controlled environment for plant
growth and nutrient uptake, which may result in similar nutritional content and taste. However,
the very low quality of evidence for lettuce quality highlights the need for further research to

investigate potential differences in nutritional content, taste, and other quality factors.

Overall, the choice of system may depend on the specific goals and resources of the grower.
Hydroponic systems may be more efficient for plant production and yield, while aquaponic
systems offer additional benefits such as fish production and environmental sustainability.

However, both systems require careful management and attention to ensure optimal plant growth
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and health. Further research is needed to explore the economic and environmental sustainability

of both systems, as well as potential differences in plant quality and taste.

Conclusion:

In conclusion, our meta-analysis provides insights into the comparative performance of
hydroponic and aquaponic systems for lettuce production. While hydroponic systems have
higher average vyields, aquaponic systems can provide comparable lettuce quality while
generating fish and other aquatic species as a secondary source of income. The variability in
system design, nutrient management, and environmental conditions underscores the need for
further research and standardization of these systems for optimal yield and quality. Our findings

have implications for sustainable agriculture and food security.

Our systematic review and meta-analysis provides evidence that hydroponic systems may have
higher yields of lettuce compared to aquaponic systems, but there is no significant difference in
lettuce quality between the two systems. These findings are consistent with previous studies, but
the heterogeneity among the included studies and the very low quality of evidence for lettuce
quality highlights the need for further research to explore potential differences in nutritional
content, taste, and other quality factors.

Our systematic review and meta-analysis provides evidence that hydroponic systems may have
higher yields of lettuce compared to aquaponic systems, but there is no significant difference in
lettuce quality between the two systems. Further research is needed to explore the potential
differences in nutritional content and taste, as well as the economic and environmental
sustainability of both systems. Ultimately, the choice of system may depend on the specific goals

and resources of the grower.

Ultimately, the choice of system may depend on the specific goals and resources of the grower.
Hydroponic systems may be more efficient for plant production and yield, while aquaponic
systems offer additional benefits such as fish production and environmental sustainability.
However, both systems require careful management and attention to ensure optimal plant growth
and health.
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Further research is needed to explore the economic and environmental sustainability of both
systems, as well as potential differences in plant quality and taste. Ultimately, the decision of
which system to use will depend on a variety of factors, including available resources, goals, and
preferences of the grower.
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