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Abstract 

 

The application of amino acids as biostimulants in 

agriculture has allowed for the improvement of 

performance parameters in a wide variety of crops. The 

objective of this study was to evaluate the effects of four 

concentrations of L-glutamic acid in mg·L-1 (L-Glu0, L-

Glu200, L-Glu400, and L-Glu800) following seed 

treatment and foliar sprays in rainfed maize. Both 

agronomic and biochemical parameters were determined, 

and the data obtained were evaluated through analysis of 

variance (ANOVA) and Duncan's mean comparison test 

(P ≤ 0.05). The application of L-Glu800 significantly 

increased chlorophyll b content, fresh weight, dry weight, 

grain yield, 100-seed weight, and crude fat content of the 

grains. L-Glu applications also increased plant height, 

germination rate, kernel hardness, soluble protein content, 

and decreased ash content in the grain. 

 

 

 

 

Plant biostimulation, Amino acid, Maize 

Resumen  

 

La aplicación de aminoácidos como bioestimulates en 

agricultura ha permitido la mejora de parámetros de 

rendimiento en una amplia variedad de cultivos. El 

objetivo de este trabajo consistió en evaluar los efectos de 

cuatro concentraciones de ácido L-glutámico en mg·L-1 

(L-Glu0, L-Glu200, L-Glu400 y L-Glu800) luego del 

tratamiento de semillas y aspersiones foliares en maíz de 

temporal de lluvia. Se determinaron tanto parámetros 

agronómicos como bioquímicos, y los datos obtenidos 

fueron evaluados mediante un análisis de varianza 

(ANOVA) y la prueba de comparación de medias de 

Duncan (P ≤ 0.05). La aplicación de L-Glu800 aumentó 

significativamente el contenido de clorofila b, el peso 

fresco, el peso seco, el rendimiento de grano, el peso de 

100 semillas y el contenido de grasa cruda de los granos. 

Las aplicaciones de L-Glu también incrementaron la altura 

de la planta, la tasa de germinación, la dureza y el 

contenido de proteína soluble de la semilla, y 

disminuyeron el contenido de cenizas en el grano 
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Introduction 

 

The term "biostimulant," when referring to plant 

nutrition, pertains to substances or 

microorganisms that promote plant growth, 

enhance tolerance to abiotic stress, and/or 

improve crop quality characteristics, regardless 

of their nutrient content (Calvo et al., 2014; Du 

Jardin, 2015, Iqbal et al., 2021). Some of these 

biostimulants have the capacity to influence 

metabolic, physiological, and morphological 

processes, as well as the interaction of the plant 

with the ecosystem (Woo and Pepe, 2018). A 

biostimulant can be a molecule in its pure state 

or complex mixtures of substances with variable 

compositions. According to Du Jardin (2015), 

substances such as humic compounds, algae 

and/or plant extracts, beneficial fungi and 

bacteria, chitosans, biopolymers, inorganic 

compounds, protein hydrolysates, or nitrogenous 

compounds like peptides and free amino acids 

can be included in the category of biostimulants. 

Particularly, the benefits of exogenous 

application of free amino acids in plants have 

been extensively studied, with a focus on supply 

through foliar solutions as a method of rapid 

absorption (Haghighi et al., 2022). Raposo-

Junior et al. (2013) reported an increase in the 

yield of sugarcane (Saccharum officinarum) 

when a biostimulant formulation with amino 

acids was applied, while Al-Karakia and 

Othman (2023) found that amino acid 

application influences biomass increase in 

lettuce (Lactuca sativa). In the same species, 

Noroozlo et al. (2019) increased vitamin and 

mineral content through foliar sprays with 

glycine and glutamine. In tomato (Solanum 

lycopersicum), the application of tyrosine, 

lysine, and methionine has the capacity to raise 

sugar content (Alfosea-Simón et al., 2020). 

  

 L-Glutamic acid (L-Glu) is an essential 

amino acid that plays various roles in plants. 

Beyond protein synthesis, in its free form it acts 

as a chelating agent, growth stimulator, and 

inducer of resistance to biotic and abiotic stress. 

It also serves as an organic nitrogen reservoir for 

the synthesis of other amino acids such as 

proline and γ-aminobutyric acid (GABA). 

Additionally, it functions as an inhibitor of 

abscisic acid in seed germination (Kong et al., 

2015; Qiu et al., 2020). L-Glu acts as a signaling 

molecule in stress situations (Toyota et al., 

2018) and can restore beneficial microbiota in 

flowers and the rhizosphere (Kim et al., 2021).  

Furthermore, foliar application of L-Glu 

can increase oil levels, proline content (Ahmed 

et al., 2017), stimulate growth (Soares et al., 

2016), induce resistance to pathogens (Goto et 

al., 2020), and enhance biomass, photosynthetic 

pigment content, protein, and nitrogen levels 

(Yu et al., 2010). 

 

Maize (Zea mays) is one of the most 

significant crops globally in terms of production 

volume and one of the crucial grains for human 

consumption on an international scale (Ureta et 

al., 2020). The fruits can be harvested in their 

tender state for consumption as a vegetable, 

while the dried grain is used for direct human 

consumption or as a raw material for the 

production of oils, syrups, alcoholic beverages, 

and biofuels (Cooter et al., 2017) (Figure 1). 
 

 
 

Figure 1 Zea. mays: A. plant; B. ears and C. dry kernels 

 

A s Mexico is the center of origin and 

diversification of maize (Kato et al., 2009), it 

stands as one of the largest repositories of 

genetic diversity worldwide, harboring 

approximately 50% of the known diversity in the 

American continent. Furthermore, maize is a 

staple food in Mexico, constituting over 50% of 

the caloric intake in many population sectors 

(SADER, 2021). This country is the eighth-

largest maize producer globally, generating 

around 27.5 million tons of grain and 17.25 

million tons of forage in the year 2021. Sinaloa, 

Jalisco, and the State of Mexico are the leading 

entities in maize production in the country 

(SIAP, 2022). 
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While the benefits of L-Glu on 

phytochemical content and plant growth under 

stress conditions have been extensively studied, 

there is less information regarding its effects on 

cereal yield. The objective of the present study 

was to assess the effects of different 

concentrations of L-glutamic acid on the 

production of white maize under rainfed 

conditions. 

 

Materials and Methods 

 

Field Conditions 

 

The trials were conducted under rainfed or 

seasonal rain conditions between June and 

November 2022 in the locality of Zalamea, La 

Barca municipality, Jalisco, Mexico, located at 

coordinates 20°18'42.6"N 102°30'29.7"W, at an 

altitude of 1533 meters above sea level. Prior to 

sowing, a soil chemical analysis was performed 

(Table 1) using the methods for the HI83325 

multiparameter photometer (HANNA®). 

Specifically, the following reagents were 

employed: HI93715-03 (ammonium nitrogen), 

HI93717-01 (phosphate), HI93750-01 

(potassium), HI937521-01 (calcium), 

HI937520-01 (magnesium), and HI937501-0 

(sulfate). The pH was determined using a 

Bante920 Benchtop pH Meter (Bante 

Instruments®). 
 

 Concentration in parts per million (ppm) 
 

pH 

N 

(NH3) 

K 

(K2O) 

P 

(PO4
3-) 

Ca 

(Ca2+) 

Mg 

(Mg2+) 

S 

(SO4
2-) 

6.8 0.49 22 3.05 112.5 8.5 29 

6.0-

7.2* 

25-

40** 

131-

175** 

36-

50** 

>400** >30** >10** 

*Desirable pH range for mineral soils; **Optimal ranges of nutrient 
concentrations (Espinoza et al., 2012; MSU, 2023). 

 

Table 1 Chemical soil characteristics prior to maize 

sowing 

 

Inorganic fertilization with a triple 17 

physical mixture (N-P-K) was applied during 

sowing, followed by two subsequent 

fertilizations using urea after the crops were 

established. Seed sowing was done manually on 

June 12th and 13th, 2022, in rows oriented from 

east to west, placing 9 seeds per linear meter at a 

depth of 5 cm and with a spacing of 75 cm 

between rows. To manage pests, tefluthrin was 

employed against the fall armyworm 

(Helicoverpa armigera) and blind chicken 

(Phyllophaga spp.). 

 

 

 

Experimental design 

 

The design was completely randomized with one 

single factor and three replications per treatment, 

with experimental units consisting of rows of 10 

plants. 

 

Seed treatment 

 

Commercial white maize seeds were obtained 

from a local market, selecting those with healthy 

and uniform morphology. The seeds were 

subjected to a triple wash with sterile distilled 

water and then immersed for 1 hour in 10 mL of 

aqueous solutions of L-glutamic acid (Sigma-

Aldrich®) at three concentrations: 200 mg·L-1, 

400 mg·L-1, and 800 mg·L-1, along with a control 

or reference treatment (L-Glu0). 

 

Foliar sprays 

 

The first application of L-Glu took place 30 days 

after sowing (DAS) when most of the plants 

were in the V6-V7 stages, using a manual 

sprayer until reaching the dew point. The same 

solutions used during pre-sowing (L-Glu0, L-

Glu200, L-Glu400, and L-Glu800) were applied. 

The second spray was conducted at 60 DAS, 

coinciding with the appearance of the flag leaf 

(stages V12-V14). These applications were 

carried out between 8-9 A.M. 

 

Agronomic parameters 

 

Plant height 

 

The height of the plants was determined at 100 

DAS, using a measuring tape. For this 

parameter, only the aboveground part was 

measured, from the root collar to the tip of the 

panicle (cm). 

 

Plant weight 

 

Fresh weight was assessed by randomly 

selecting three plants per treatment at 100 DAS, 

including their roots. The soil was carefully 

removed with running water, and the plants were 

then weighed using a digital scale (Torrey L-

PRC®). For dry weight measurement, the plants 

were dried in partial shade for two weeks before 

being re-evaluated on the scale. Measurements 

were expressed in kilograms (kg). 
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Ear size 

 

At 140 DAS, ears from each treatment were 

harvested, and their length and diameter were 

measured (cm) using a measuring tape. 

 

Grain Yield per Plant 
 

The harvested ears were placed in partial shade 

at room temperature for two weeks to reduce 

moisture content. Kernels of each ear were 

manually removed, and their total weight was 

determined in grams (g) using a precision 

analytical balance (A&D Company, Limited®). 

 

Weight of 100 Seeds 
 

This test involves randomly selecting and 

weighing 100 seeds per treatment, aiding in the 

estimation of seed size according to the 

methodology proposed by Palacios Rojas 

(2018). One hundred seeds were randomly 

chosen, and their combined weight was 

determined in grams (g). 

 

Seed flotation index 

 

Flotation index is an indirect parameter of grain 

hardness. The test was conducted in accordance 

with the specifications of Mexican Standard 

NMX-FF-034/1-SCFI-2002, wherein the seeds 

undergo flotation in a solution with a specific 

density (ρ) of 1.25 g·mL-1. One hundred seeds in 

good physical condition were selected, 

immersed in 500 mL of a 67% sucrose solution, 

stirred with a stainless-steel spatula, and allowed 

to rest for 1 minute (Palacios Rojas, 2018). The 

floating seeds were removed from the solution 

and counted. The flotation index was determined 

using the following formula: 

 

𝐹𝑙𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑖𝑛𝑑𝑒𝑥 =
𝐹𝑙𝑜𝑎𝑡𝑖𝑛𝑔𝑠𝑒𝑒𝑑𝑠

𝑇𝑜𝑡𝑎𝑙𝑠𝑒𝑒𝑑𝑠
∗ 100                (1) 

 

Seed germination rate  

 

Germination tests were conducted based on the 

methodologies proposed by Akinyosoye et al. 

(2014) and Odje et al. (2022) with some 

modifications. The seeds underwent a wash with 

running water and sodium dodecyl sulfate (SDS) 

as a detergent, followed by disinfection in 70% 

ethanol for 3 minutes, then immersion in a 50% 

commercial solution of sodium hypochlorite 

(NaClO) for 5 minutes, and were rinsed three 

times with sterile distilled water.  

Finally, the seeds were germinated on 

autoclave-sterilized paper towels (121 °C/15 

psi/15 min), moistened with sterile running 

water. Twenty seeds were placed on each paper 

towel, wrapped in transparent plastic bags, and 

kept in semi-darkness for germination over 7 

days. Germination rate was determined using the 

following formula: 

 

𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑟𝑎𝑡𝑒 =
𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑𝑠𝑒𝑒𝑑𝑠

𝑇𝑜𝑡𝑎𝑙𝑠𝑒𝑒𝑑𝑠
∗ 100        (2) 

 

Seedling size 

 

Randomly selected maize seedlings from the 

germination test at 7 DAS were measured using 

a millimeter ruler, evaluating the total length of 

the shoot, cotyledon, and primary root in 

centimeters (cm). 

 

Biochemical parameters 

 

Photosynthetic pigments 
 

The extraction of photosynthetic pigments was 

carried out following the 80% acetone method 

described by Ghosh et al. (2018) with some 

modifications. One hundred milligrams of fresh 

leaves were taken and macerated in a cold mortar 

with 5 mL of 80% acetone previously cooled to 

4°C. Subsequently, the mixture was centrifuged 

at 8,000 rpm for 8 minutes, and the supernatant 

was poured into Falcon tubes, repeating this step 

until the tissue was depleted, and the supernatant 

became colorless. The volume was brought up to 

15 mL. The absorbance of the extract was 

measured at 470 nm, 645 nm, and 663 nm 

against the solvent as a blank using a UV-Vis 

spectrophotometer GENESYS™ 150. Arnon's 

equations (1949) were used for quantifying 

chlorophyll a, b, and total chlorophyll, while 

Lichtenthaler and Wellburn's equation (1983) 

was employed to estimate total carotenoids in 

milligrams per gram of fresh tissue (mg·gft-1): 

 

𝐶𝑙𝑎 =
12.7(𝐴663)−2.69(𝐴645)∗𝑉

1000∗𝑊
                                   (3) 

 

𝐶𝑙𝑏 =
22.9(𝐴645)−4.69(𝐴645)∗𝑉

1000∗𝑊
                                   (4) 

 

𝐶𝑙𝑡 =
20.9(𝐴645)+8.02(𝐴663)∗𝑉

1000∗𝑊
                                    (5) 

 

𝐶𝑡𝑑 =
1000(𝐴470)−1.82(𝐶𝑙𝑎)−82.02(𝐶𝑙𝑏)

198
                        (6) 
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Where: 

 

Cla: Chlorophyll a 

 

Clb: Chlorophyll b 

 

Clt: Total chlorophylls 

 

Ctd: Total carotenoids 

 

A: Absorbance for the given wavelength 

 

V: Final volume of chlorophyll extract in 80% 

acetone (mL) 

 

W: Fresh weight of the tissue (g) 

 

Ash content 

 

The method 08-01 (AACC, 1995) was employed 

for the quantification of total ash. Whole grain 

flour was obtained from 10 g of harvested maize 

seeds, which underwent grinding using a mill 

(Hamilton Beach® 80393). Porcelain crucibles 

were used and placed in an electric muffle 

furnace (Terlab™) at 600 °C for 1 hour, 

followed by placement in a desiccator with silica 

gel beads for 20 minutes, until reaching room 

temperature. The weight of the dried crucibles 

was determined, and 2 g of corn flour from each 

treatment was added to each one. The crucibles 

with the samples were maintained at 600 °C for 

6 hours. After the allotted time, the crucibles 

were returned to the desiccator for 20 minutes 

and allowed to cool. The residue of ashes was 

weighed, and the data were recorded, with the 

weight of the empty crucibles subtracted to 

obtain the ash weight. To determine the 

percentage of ash in each sample, the following 

formula was applied: 

 

%𝐴𝑠ℎ =
𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑟𝑒𝑠𝑖𝑑𝑢𝑒(𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑓𝑙𝑜𝑢𝑟𝑠𝑎𝑚𝑝𝑙𝑒(𝑔)
∗ 100              (7) 

 

 

Quantification of soluble proteins 

 

The colorimetric method by Bradford (1976) 

was employed to estimate the soluble protein 

content in the seeds. A calibration curve was 

constructed using bovine serum albumin (BSA, 

Sigma-Aldrich®) from a 0.5 mg·mL-1 stock 

solution. Aliquots of 25, 50, 75, and 100 µL were 

taken, diluted to a volume of 100 µL with 

distilled water, representing dilutions containing 

12.5, 25, 37.5, and 50 µg of BSA, respectively. 

Subsequently, 1 mL of Bradford reagent 

(Sigma-Aldrich®) was added to each dilution, 

and they were incubated at room temperature for 

2 minutes. Absorbances were then determined 

using a UV-Vis spectrophotometer 

GENESYS™ 150 at 595 nm. 

 

For protein extraction, 500 mg of whole 

grain flour was macerated in 5 mL of phosphate-

buffered saline (PBS) extraction buffer in cold 

mortars. The mixture was centrifuged at 10,000 

rpm for 10 minutes. The supernatant containing 

the extracted proteins was separated, and 100 µL 

aliquots were taken, to which 1 mL of Bradford 

reagent was added and incubated at room 

temperature for 2 minutes. Absorbances were 

read at 595 nm using a spectrophotometer. The 

results were compared with the BSA calibration 

curve, and the protein content was expressed as 

milligrams equivalent to albumin per gram of 

dry weight (mgEA·gdw-1). 

 

Oil content 
 

The measurement of oil content relied on the 30-

25 method (AACC 1995), involving extraction 

using a Soxhlet apparatus. Samples of 5 g of 

dehydrated whole grain flour were placed in 

cellulose thimbles and inserted into condenser 

tubes. Subsequently, 150 mL of petroleum ether 

(Golden Bell™) was added to the tubes, and the 

setups were placed on preheated magnetic 

stirrers with hotplate at ~70 °C. A cooling 

system, pumping water at 20 °C, was connected, 

and extraction took place for 6 hours. The 

recovered etheric extracts were stored at 4 °C 

until use. They were then double-filtered and 

concentrated by rotary evaporation at 60 °C/120 

rpm until reaching a volume of ~5-10 mL, which 

was then deposited into pre-weighed glass vials. 

The extracts remained open at room temperature 

for 48 hours to evaporate the remaining solvent. 

The weight of the oil in milligrams (mg) per 

gram of dry weight (gdw) was determined using 

the following formula: 

 

𝑂𝑖𝑙𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
𝑉𝑖𝑎𝑙𝑤 𝑜𝑖𝑙⁄ (𝑚𝑔)−𝐸𝑚𝑝𝑡𝑦𝑣𝑖𝑎𝑙(𝑚𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑓𝑙𝑜𝑢𝑟𝑠𝑎𝑚𝑝𝑙𝑒(𝑔)
           (8) 
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Statistical analysis 

 

The statistical analysis was conducted using 

Analysis of Variance (ANOVA) and the Duncan 

Multiple Range Test (95.0%) to determine 

significant differences, employing Statgraphics 

Centurion XVI software. All tests were 

performed in triplicate. 

 

Results and discussion 

 

Height: The use of L-glutamic acid at 

concentrations of 400 and 800 mg·L-1 

demonstrated a significant increase in the height 

of maize plants at 100 DAS, with an increment 

of 12.16% and 18.25%, respectively, compared 

to the control (Graphic 1). 

 

The height of maize plants typically 

depends on the variety but can reach up to 4 

meters (CONAHCYT, 2019). The increase in 

maize height usually does not exhibit significant 

effects when subjected to biostimulation 

(Blanco-Valdes et al., 2022), especially in 

hybrids, as size uniformity is a sought-after 

characteristic in plant breeding (Ibañez et al., 

2004). Nevertheless, the doses of L-glutamic 

acid used in this work proved to enhance the 

height of plants of the specific variety used. 

Maize plant height is also influenced by climatic 

and geological conditions during sowing 

(Gyenes-Hegyi et al., 2002; Boomsma et al., 

2010; Liu et al., 2021), water availability (Sari-

Gorla et al., 1999), macronutrients (Iqbal et al., 

2015; Pedersen et al., 2022), and the expression 

of certain genes (Pereira and Lee, 1995; Wu et 

al., 2014). 

 

 
 

Graphic 1 Height of maize plants (100 DAS). Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

Weight 

 

For the accumulation of plant biomass, the L-

Glu 800 treatment had a significant effect 

increasing both fresh and dry weight values of 

the plants (Graphic 2). 

 

The increase in plant weight has 

previously been linked to the exogenous 

application of amino acids. According to various 

studies, this can be associated with their effects 

on increased enzymatic activity, carbohydrate 

and nutrient content in leaves, and tolerance to 

adverse climatic conditions (Shehata et al., 

2011; Ragheb, 2016; Lee et al., 2017; Noroozlo 

et al., 2019; Farahmandi et al., 2022). The shoot 

biomass of maize, whether fresh or dry, is 

utilized as forage in the livestock sector (Hanif 

and Akhtar, 2020), for cellulose production, 

ethanol, and biofuels (Manmai et al., 2021; Fu et 

al., 2022), or reintegrated into the soil for 

organic matter utilization in the no-till technique 

(Martínez-Gamiño and Jasso-Chaverría, 2005). 

 

Ear size 

 

The exogenous application of L-Glu did not 

significantly affect the size of maize ears in any 

of the three parameters evaluated in this study. 

Although the L-Glu800 treatment increased ear 

size by 12.34%, and L-Glu200 elevated values 

in diameter (10.2%) and the number of kernel 

rows (9.08%), no statistically significant 

differences were found in these variables 

(Graphic 3). 

 

In comparison to results published in 

other studies involving exogenous amino acid 

applications (Rahgeb, 2016; Abdo et al., 2022), 

this study did not reveal a significant increase in 

ear dimensions. Similar results were obtained in 

the length and diameter of ears subjected to each 

treatment. 
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Graphic 2 Fresh and dry weight of maize plants (100 

DAS). Mean ± SD. Different letters indicate statistically 

significant differences (Duncan, P ≤ 0.05). 

 

 
 

Graphic 3 Length and diameter of ears (140 DAS). Mean 

± SD. Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

Yield 

 

Although there was no significant difference 

between the applied levels of L-Glu (Graph 4), 

an increase in yields was observed for ears from 

plants exposed to the amino acid compared to the 

control, especially with the L-Glu800 treatment, 

which rose by up to 49.98%. 

 

One possible explanation for the crop 

yield increments is the relationship between L-

Glu and factors such as increased photosynthetic 

rate and protein synthesis (Khan et al., 2012; 

Alfonsea-Simón et al., 2021; Báez-Pérez et al., 

2022). 

 

 

 

The results presented here are similar to 

those reported by Abdo et al. (2022), who 

achieved similar grain yields through 

biostimulation with humic acids and amino 

acids. The increase in agronomic crop yields due 

to amino acid application has been previously 

reported in various studies (Lee et al., 2017, 

Souri et al., 2017; Basanth and Mahesh, 2018). 

 

 
 
Graph 4. Grain yield per plant (140 DAS). Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

Weight of 100 seeds 

 

The test for the weight of 100 seeds to determine 

grain size revealed that the application of 800 

mg·L-1 of L-Glu acid produced the heaviest 

grains, and therefore the largest, with an average 

weight of 39.769 g, while the grains from the 

application of 400 mg·L-1 resulted in medium-

sized grains, with an average weight of 33.512 g. 

On the other hand, the treatments of 200 mg·L-1 

and the control produced small grains, with 

27.482 g and 28.648 g, respectively, and there 

was no statistically significant difference 

between these two treatments (Graph 5). 

 

In this study, an increase in the weight of 

100 seeds was found as the L-glutamic acid dose 

increased, with a better response compared to 

other studies involving amino acid 

biostimulation in maize hybrids (Rahgeb, 2016; 

Abdo et al., 2022; Blanco-Valdes et al., 2022). 

According to Batistella et al. (2002), the weight 

of a thousand seeds based on the weight of a 

hundred seeds is the most convenient size 

classification method, even surpassing 

screening, regardless of the variety. 
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However, Peña-Betancourt et al. (2013) 

reported that, for example, some native maize 

varieties in Mexico can have an average weight 

of 100 seeds of 43.5 g, compared to the 29.8 g 

average weight in hybrid varieties. 
 

 
 

Graphic 5 Weight of 100 seeds (140 DAS). Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

Flotation index 

 

L-Glu applications significantly decreased the 

flotation percentage of seeds in a 67% sucrose 

solution. On average, seeds from plants treated 

with the increasing concentrations of L-Glu had 

flotation percentages of 16.6%, 4.6%, and 10%, 

respectively, well below the 52% of control 

seeds (Graph 6). From this, it can be suggested 

that exogenous L-Glu could be involved in 

increasing grain density, and consequently, its 

hardness. 

 

In Mexico, flotation tests are a practical 

and indirect way to measure the hardness of 

maize grain, especially when it is destined for 

nixtamalization, as grains with high flotation 

indices denote lower yields for tortilla 

manufacturing. Generally, this parameter 

increases over time due to grain senescence or 

storage conditions (Odjo et al., 2022). When the 

flotation index is above 63%, it is considered a 

soft grain, between 38-62% is a medium-hard 

grain, and if it is below 37%, it is classified as a 

hard grain (Palacios-Rojas, 2018). 

 

 
 

Graphic 6 Flotation index of seeds in 67% sucrose 

solution (ρ = 1.25 g·mL-1). Mean ± SD. Different letters 

indicate statistically significant differences (Duncan, P ≤ 

0.05) 

 

Germination rate and seedling size 

 

Seed germination increased with two of the 

treatments. The application of L-Glu200 

increased the germination rate by 30% compared 

to the control treatment, while the application of 

L-Glu400 increased it by 12.82%. On the other 

hand, L-Glu800 showed no significant 

difference (Graph 7). These results show a 

decrease in the germination rate as the 

administered dose of L-Glu increased.  

 

Meanwhile, all three levels of L-Glu 

application significantly increased the size of the 

seedlings compared to the control (Graph 8). The 

highest averages were observed with the L-

Glu400 treatment, where the complete seedlings 

reached an average length of 20.2 cm, the 

average cotyledon length was 6.34 cm, and the 

root length was 13.86 cm, values that were 4, 

3.4, and 4.6 times higher than in the control 

(Figure 2). 
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Graphic 7 Seed germination rate (7 DAS). Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

 
 

Graphic 8 Length of seedlings (7 DAS). Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

 
 

Figure 2 Comparison of maize seedlings with different 

treatments (7 DAS). A. L-Glu0; B. L-Glu200; C. L-

Glu400; D. L-Glu800. 

 

  

 

 

 

The direct effects of biostimulants on increasing 

seed vigor had been previously studied in other 

species, especially those biostimulants based on 

growth-promoting microorganisms (Colla et al., 

2014; Cardarelli et al., 2022; Dong et al., 2020). 

Currently, there is limited information on the 

effects of amino acid biostimulation on seed 

germination (Makhaye et al., 2021), although 

some protein hydrolysates, such as collagen 

extract or bovine -hide gelatin, have been studied 

and found to promote germination and growth 

(Gaidau et al., 2013; Wilson et al., 2015; 

Niculescu et al., 2019). 

 

Biochemical parameters 

 

Chlorophylls 

 

Evaluations of photosynthetic pigments 

(chlorophylls and carotenoids) revealed a 

decreasing trend in content in fresh leaves 

compared to the control, which showed the 

highest values for chlorophyll a (1.969 mg·g-1), 

total chlorophylls (2.616 mg·g-1), and total 

carotenoids (4.739 mg·g-1). 

 

Chlorophyll an exhibited values below 

the control treatment in plants subjected to 

different concentrations of L-glutamic acid: 

1.204 mg·g-1 with L-Glu200, 1.384 mg·g-1 in L-

Glu400, 1.837 mg·g-1 in L-Glu800, representing 

a decrease of 38.85%, 29.71%, and 6.7%, 

respectively (Graphic 9). In the case of 

chlorophyll b, L-Glu800 showed the highest 

content (0.692 mg·g-1). 

 

 
 

Graphic 9 Content of chlorophylls (100 DAS). Mean ± 

SD. Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 
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The total chlorophylls content (Graph 9) 

of the leaves revealed reductions in treatments 

with L-glutamic acid compared to the control 

(2.616 mg·g-1), with values of 1.689 mg·g-1 in 

the application of 200 mg·L-1, 1.906 mg·g-1 

applying 400 mg·L-1, and 2.530 mg·g-1 in the 

treatment with 800 mg·L-1. 

 

It is noteworthy that the content of 

chlorophyll a in plants is always higher than that 

of chlorophyll b, and a distinct trend can be 

observed in their values compared to other 

photosynthetic pigments. According to Serna-

Rodríguez et al. (2011), the application of L-

glutamic acid in plants increases the synthesis of 

chlorophyll b compared to chlorophyll a, 

resulting in greater photon capture, as 

chlorophyll b is part of the antennae responsible 

for light absorption. 

 

Carotenoids 

 

The quantification of total carotenoids (Graph 

10) yielded information very similar to that 

obtained in the evaluation of total chlorophylls, 

where compared to the control, the L-Glu200, L-

Glu400, and L-Glu800 treatments showed 

reductions of 28.4%, 18.4%, and 1.67%, 

respectively. 

 

 
 

Graphic 10 Content of total carotenoids (100 DAS). Mean 

± SD. Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

Ash content 

 

The results of this test showed a significant 

decrease in ash content in kernels across all three 

doses of L-Glu. For instance, the control had an 

ash content of 2.86%, which was 45.43% higher 

compared to the treatment with the closest 

content, in this case, L-Glu200, with 1.46%.  

The other two doses yielded very similar 

percentages; for instance, L-Glu400 with 1.09%, 

and L-Glu800 with 1.32%, showing decreases of 

59.3% and 50.7%, respectively (Graphic 11). 

 

 
 

Graphic 11 Ash content in whole grain flour. Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

Ash determination is very useful for 

assessing the total mineral content in a food item, 

which is not susceptible to evaporation, as is the 

case with water, or oxidation in the case of 

organic matter (Park, 1996). The ash content in 

plants can be primarily affected by the mineral 

characteristics of the soil or the use of 

agrochemicals (Rashid and Iqbal, 2012; Aslam 

et al., 2023). These ashes may contain 

substances such as heavy metals, silicates, 

sulfates, or phosphates. A low ash content would 

indicate a higher percentage of assimilable 

material as food and a lower amount of 

potentially toxic substances for living organisms 

(Marshall, 2010). Besides the food industry, this 

property is also desirable for biofuel production, 

as low inorganic matter content represents 

higher energy efficiency during combustion 

(Zając et al., 2020; Kukuruzović et al., 2023). In 

corn, ash content in seeds typically concentrates 

in the germ, and its values range between 1-3%, 

depending on the variety and other 

environmental conditions (FAO, 1985; Cázares-

Sánchez et al., 2015; Bello-Pérez et al., 2016; 

Sinay and Harijati, 2021). 

 

Protein content 

 

L-Glu applications increased the amount of 

protein in the seeds of treated plants, especially 

with the 200 mg·L-1 dose, where an increment of 

7.4% was observed.  
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Likewise, the protein content showed a 

gradual decrease as the L-Glu doses of 400 and 

800 mg·L-1 increased, with no significant 

difference compared to the control (Graphic 12). 

 

 
 

Graphic 12 Content of soluble protein in whole grain 

flour. Mean ± SD. Different letters indicate statistically 

significant differences (Duncan, P ≤ 0.05) 

 

Given that it is a precursor for the 

synthesis of other amino acids and essential for 

polypeptide synthesis, the exogenous 

application of L-Glu can increase the protein 

content in plants. Previously, the effect of 

exogenous amino acid application on protein 

content in other plant species has been studied 

with positive results (Zhou et al., 2007; 

Haghighi et al., 2020). In crops such as Chinese 

hawthorn, lentil, tomato, and rice, L-Glu 

increased the soluble protein content when 

administered exogenously (Yu et al., 2010; 

Fardus et al., 2021; Lee et al., 2021; Luo et al., 

2023). In maize, previous research had studied 

the effects of other biostimulants, such as valine, 

leucine, isoleucine, silicon, or salicylic acid, on 

protein content (Shaner and Reider, 1986; 

Moussa, 2006; Feng et al., 2022). Other factors 

influencing protein production in cereals may 

include planting density, soil conditions, 

fertilization, humidity, and temperature (Fowler 

et al., 1990; Casagrande et al., 2009; Chen et al., 

2012; Széles et al., 2018).    

 

Oil content 

 

The lipid concentration in seeds increased when 

plants were subjected to applications of L-

Glu200 and L-Glu800, although with 

significance only in the latter treatment, where 

the oil content was 35% higher than the control 

(Graph 13). On the other hand, L-Glu400 

showed contents below the control treatment by 

up to 11.54%. 

 
Graphic 13 Oil content in whole grain flour. Mean ± SD. 

Different letters indicate statistically significant 

differences (Duncan, P ≤ 0.05) 

 

Hybrid corn seeds contain between 3-4% 

of oil, which is mainly concentrated in the germ 

and is rich in polyunsaturated fats and 

tocopherols (vitamin E), depending on whether 

it is white or sweet corn (Sanjeev et al., 2014; 

Ray et al., 2019). In Mexico, there are native 

varieties with a high oil content, where the 

percentage can rise to 5-6% (Torres-Morales et 

al., 2010; Guzmán-Maldonado et al., 2015). The 

lipid production in maize can be affected by 

variables such as temperature, planting location, 

humidity, or the expression of specific genes 

(Jellum and Marion, 1966; Shen et al., 2010; 

Veljković et al., 2018). 

 

Conclusion 
 

In general, it was observed that the application 

of L-Glu800, through seed treatment and foliar 

application in maize, increased the content of 

chlorophyll b, plant height, plant weight, grain 

yield per ear, and the weight of one hundred 

grains. On the other hand, no significant 

differences were observed in the effect of L-Glu 

on ear size. These studies on the biostimulating 

activity of L-glutamic acid allow us to refine 

existing alternatives that make it possible to 

increase the yield and quality of crops of 

agronomic interest. It is necessary to continue 

research efforts aimed at expanding the 

understanding of the application of free amino 

acids as plant biostimulants. 
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