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LDH Synthesis and Modification with Trp (LDH-Trp)

Mg + Al salt Na2CO3 NaOH

LDH-Trp Characterization

X-Ray diffraction 

Scheme of LDH synthesis and its modification with Trp. LDH was modified by ion exchange. The 
LDHs were previously calcined and the modification was performed at pH 7 with a Trp:LHD ratio of 
0.5:1. 

INTRODUCTION
Global agriculture faces major environmental challenges, including soil degradation, biodiversity loss, and intensive use of agrochemicals. In this context,
sustainable bioinputs capable of improving crop productivity and stress tolerance are increasingly needed. Tryptophan (Trp), an essential amino acid and
auxin precursor, plays a key role in plant growth and stress responses; however, its agricultural application is limited by its low stability and rapid
degradation in soils. Layered Double Hydroxides (LDH) are promising nanostructured materials that can protect and gradually release bioactive
molecules, improving their stability and bioavailability. Therefore, the aim of this work was to develop and characterize LDH-based nanocarriers loaded
with tryptophan (LDH–Trp) and evaluate their effects on plant growth promotion and tolerance to nutritional stress in lettuce and tomato plants.

LDH–Trp Enhances Lettuce Growth Under Nutritional 
Stress 
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INTERLAMINARS ESPACES LDH: 
7,84 nm, LDH-Trp: 7,97 nm

LDH-Trp exhibited an Trp loading of 20%, and its presence was 
confirmed in the FTIR  and X-ray diffraction

LDH–Trp Enhances Tomato Growth, Yield, and Hormonal 
Responses

Co-precipitation

LDH-based nanocarriers represent a promising strategy to improve Trp stability and delivery, enhancing 
plant growth, productivity, and tolerance to nutritional stress.
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LDH–Trp Enhances Lettuce Growth Under Nutrient-Deficient Conditions. Five-day-old lettuce seedlings 
were grown for 8 days in nutrient-deficient hydroponic solution supplemented with LDH–Trp or free Trp. Top: 
representative images of 13 day-old plants grown under different treatment. Bottom: aerial fresh weight 
(FW), root FW and number of lateral roots (LR). Bars represent mean ± SD. Asterisks indicate significant 
differences compared with the control (Dunnett’s test, p < 0.05). Bar: 1 cm.

Growth Parameters 
(LDH-Trp vs Ctrl)

Number of fruits
+ 19.1%

Fruit weight
+ 6.4%

Aerial fresh weight
                      + 14.5%

Aerial dry weight
                    + 17.6%

Yield Parameters 
(LDH-Trp vs Ctrl)

Cytokinins (tZ)
             ↑ 10%

Auxin (IAA)
      ↑ 20%

Phytohormone Content
(LDH-Trp vs Ctrl)

Effect of treatment with LDH-Trp on tomato
plants grown under greenhouse conditions. Data
correspond to plant aerial FW, DW, number of
fruits per plant, weight and phytohormone content.
Values are expressed as mean ± SD of two
independent experiments.
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