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The effect of potassium fertilization on the metabolite profile of tomato fruits
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Tomatoes are economically the most important vegetable worldwide, with 161.8 million tons produced in 2013 [1]. 
The tomato plant requires relative high amounts of nutrients during growth and fruit development [2]. Therefore, it is 
important to determine the demand of cocktail tomatoes and understand respond to low nutrient supply. In contrast 
to nitrogen and phosphorous, the impact of potassium (K) fertilization on crop yield and quality is often underesti-
mated although K is very important for several physiological functions, as translocation of assimilates, activation of 
enzymes, maintenance of turgor, and stomata regulation [3]. In this study we fertilized cocktail tomatoes with differ-
ent K levels and investigated the metabolic response with the aid of an untargeted metabolome analysis.

In an outdoor pot experiment (substrate: peat) three cocktail tomato genotypes (Primavera, Resi and Yellow Sub-
marine) were cultivated. They were fertilized weekly with five increasing K doses (0.4, 0.7, 1.5, 2.2 3.7 g K2SO4). 
Ripe fruits were harvested at mid-season and whole-fruit segments were combining to pooled samples. Samples 
were freeze-dried, milled with methanol extracted and derivatized for an untargeted metabolome analysis by using 
GC×GC-MS. Potassium concentrations were determined with ICP-OES. Amines and organic acids were analyzed with 
HPLC.

In the tomato fruits the K concentration increased with rising K fertilization. With increasing K fertilization most 
metabolite changes were strongly cultivar-dependent. Primavera and Yellow Submarine showed approximately 60 
changed metabolites, while in Resi only 11 metabolites were changed. However, in all cultivars certain metabolites of 
the citric acid cycle (citrate, succinate and α-ketoglutarate) were positively influenced by increasing K doses. Fur-
thermore, the amine putrescine was decreased in all cultivars with rising K, although not significantly in Yellow Sub-
marine. While amino acid concentrations were not changed in Resi, in Primavera some amino acids were increased 
(Ile, Ala, Phe) and others were decreased (Met, Asn, Lys, Cys) in abundance. In fruits of Yellow Submarine concentra-
tions of certain amino acids were only reduced (Leu, Ile, Tyr, Ala, Phe, Met, Asn). 

In all cultivars low K supply lead to a decrease of the substance the citric acid cycle. The primary cause of metabolic 
disorders in low-K plants is the direct inhibition of pyruvate kinase activity by low cytoplasmic K [4]. Pyruvate is an 
important substrate for citric acid cycle. Higher levels of putrescine in low K plants, can be explained by fact that 
polyamines is an  alternative to K for adjusting charge balance [5]. Interestingly many substances, like the amino ac-
ids and sugars, show a cultivar dependent and not uniform reaction to different K doses. Thus the metabolic changes 
in cocktail tomato plants induced by different K doses varies greatly between the cultivars. Therefore an efficient 
nutrition supply is cultivar and parameter dependent in cocktail tomatoes.
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