
Metabolites 2022, 12, 444. https://doi.org/10.3390/metabo12050444 www.mdpi.com/journal/metabolites 

Differential Metabolic Responses of Lettuce Grown in Soil, 
Substrate and Hydroponic Cultivation Systems under 
Nh4+/No3− Application 

The discriminant metabolites for the quality index of lettuce were screened from the 
GC/MS and UPLC VION IMS QTOF MS/MS metabolites under soil, substrate and hydro-
ponic cultivation systems on the basis of VIP > 1.0 criteria for selection of metabolites 
(Supplementary data 1-4) and compared the metabolomic profiling among the soil, sub-
strate and hydroponic cultivation systems. Higher level of fatty acids and conjugates 
(Supplementary Figure 1A) were observed in the soil as compared to substrate (Supple-
mentary Figure 1B) and hydroponic cultivation systems (Supplementary Figure 1C) fol-
lowed by amino acids and peptides while lesser level of benzenediols (Dopamine; 3,4-
Dihydroxyphenylglycol) and fatty aldehydes (Octanal; Succinic acid semialdehyde) were 
found in the soil as compared to substrate and hydroponic cultivation systems. In sub-
strate and hydroponic cultivation systems higher level of amino acids and peptides were 
found followed by fatty acids and conjugates. In substrate cultivation system, lesser level 
of isoprenoids compounds (Loganin and Squalene), phenols (4-Nitrophenol) and purines 
(Adenosine) were observed while lesser level of organic dicarboxylic acids (Glucaric acid; 
Malonic acid; Citraconic acid), flavonoids (Naringenin; Chrysin; Tricetin) and phenyla-
cetic acids (3-Hydroxyphenylacetic acid; 3,4-Dihydroxymandelic acid) were observed in 
hydroponic cultivation system. In the pie chart, composition of different metabolites was 
presented in the soil, substrate and hydroponic cultivation systems (Supplementary Fig-
ure 1A, B & C). In the soil cultivation system (Supplementary Figure 1A), fatty acids and 
conjugated contained 2-ketobutric acid, (S)-3-Hydroxyisobutyric acid; Glycolic acid; Ga-
lactaric acid; Hydroxypropionic acid; Oxalic acid; 5-Aminopentanoic acid; 3-Aminoisobu-
tanoic acid; Alpha-ketoisovaleric acid; Gamma-Aminobutyric acid; 2-Oxovaleric acid; 
Oleic acid; Palmitic acid; Adipic acid; Linoleic acid; 4-Hydroxybutyric acid; Alpha-Lino-
lenic acid; Methyl linoleate; Maleamate; Pyruvic acid; Malonic acid; Succinic acid; Glu-
caric acid; Methylmalonic acid followed by amino acids and peptides (Creatine; Glycine; 
L-Glutamic acid; L-Tyrosine; L-Alanine; L-Proline; L-Threonine; L-Asparagine; L-Histi-
dine; L-Lysine; L-Aspartic acid; L-Glutamine; L-Leucine; N-Acetyl-L-alanine; L-Valine;
Citrulline; DL-2-Aminooctanoic acid; Guanidinosuccinic acid; N-Acetylornithine; Imino-
diacetic acid; N-Acetylleucine; 5-Aminopentanamide and N-Acetyl-beta-alanine) were
observed. However, enrichment overview of top 25 metabolites of lettuce grown in soil,
substrate and hydroponic cultivation systems (Supplementary Figure 2 & 3) showed that
all metabolites related to different metabolism synthesis were observed a significant dif-
ference (p value < 0.05) for different metabolites. In soil cultivation system, lettuce was
observed higher in glycerophospholipid metabolism related compounds followed by ster-
oid biosynthesis related compounds while in substrate cultivation system, alpha linolenic
acid metabolomic related compounds were found in higher level followed by unsaturated
fatty acids related compounds. However, nitrogen metabolism related compounds were
found significantly higher in hydroponically grown lettuce as compared to lettuce grown
in soil and substrate cultivation systems.

Higher accuracy value of 2-deoxy-D-glucosides (Supplementary Figure 4A) was 
found in substrate followed by hydroponic and soil cultivation systems on the basis of 
mean decrease accuracy while loganin was observed in lesser accuracy value in substrate 
cultivation system as compared to soil and hydroponic cultivation systems. In Supple-
mentary Figure (4B), Lyxonic acid, 3-hydroxynorvaline, glycolic acid, 1-hydroxypyridine, 
dithioerthritine and gluco-1-phosphate were found higher VIP values in hydroponic cul-
tivation system followed by soil and substrate cultivation systems while sitosterol and 4-
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aminobutyric acid were found lesser VIP values in soil cultivation system followed by 
hydroponic and substrate cultivation systems. 

Figure S1. Different metabolites composition under soil, substrate and hydroponic cultivation sys-
tem. 

Note- Different metabolomic profiling of lettuce in Figure A)  represents soil cultivation system , 
Figure B) represents substrate cultivation system  and Figure C) represents hydroponic cultiva-
tion system   
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Figure S2. Enrichment overview of top 25 of different metabolites under soil, substrate and hydro-
ponic cultivation system. 

C)
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Figure S3. Top 25 of different metabolites sets under soil, substrate and hydroponic cultivation 
sys-tem. 

Note- Different enriched metabolites of lettuce in Figure A)  represents soil cultivation system , 
Figure B) represents substrate cultivation system  and Figure C) represents hydroponic cultiva-
tion system   

C)
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Figure S4. Mean decrease accuracy and VIP score of different metabolites under soil, substrate 
and hydroponic cultivation system. 

Note- Mean decrease accuracy and VIP score of different metabolites of lettuce in Figure A) and B) 
number 1, 2 and 3 represent soil, substrate and hydroponic cultivation systems, respectively. 
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