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INTRODUCCION

El ardndano es un cultivo de alta demanda en los mercados extranjeros principalmente de
Estados Unidos (Pérez et al., 2022). El consumo creciente se debe a sus efectos benéficos
en la salud humana, debido a su alto contenido de compuestos bioactivos de alta capacidad
antioxidante (Celik et al., 2018; Colak et al., 2018; Jara-Palacios et al., 2019) razon por
la cual sigue ganando areas de comercializacion, al ser demandado por nuevos mercados
y consumidores. Los arandanos (Vaccinium spp.) han sido reconocidos por
la Organizacion de las Naciones Unidas para la Agricultura y la Alimentacién como uno
de los cinco principales alimentos saludables (Wang et al., 2017; Li et al., 2021).

El interés por incrementar la produccion de este alimento ha generado la necesidad de
implementar técnicas sostenibles y ecologicas (Sarkar et al., 2020) que permitan adelantar
y uniformizar la floracion para concentrar la produccion en épocas tempranas y
aprovechar los altos precios en el mercado. Dentro de estas se encuentra la aplicacion de
aquellas sustancias llamadas bioestimulantes. De acuerdo a (du Jardin, 2015; Dalal et al.,
2019; Panfili et al., 2019) un bioestimulante es definido como aquella sustancia o
microrganismo, que al ser aplicado a la planta en bajas concentraciones puede estimular
su crecimiento, desarrollo, mejorar su nutricion y resistencia a los diferentes tipos de
estrés. Actualmente, la informacion sobre los efectos de la aplicacion de GLU y 6-BAP
en arando son escasas. Por lo anterior se planteo el objetivo de evaluar el efecto de la
aplicacion exogena de GLU y 6-BAP como bioestimulantes en la brotacion de yemas

florales y calidad de fruto en arandano Biloxi.



REVISION DE LITERATURA
Arandano
El arandano es un cultivo de alta demanda en los mercados extranjeros principalmente de
Estados Unidos (Pérez et al., 2022). Es considerado uno de los cinco principales alimentos
saludables y es reconocido en todo el mundo como una "super fruta" debido a su atractivo
sabor y su alto contenido de compuestos bioactivos que promueven la salud (Duan ef al.,
2022; Sater et al., 2021).
Bioestimulantes
Actualmente no se cuenta con una definicion de bioestimulante aceptada totalmente, por
lo que diferentes autores han propuesto diferentes definiciones; Dalal et al., (2019); Panfili
et al., (2019), han definido como bioestimulante a sustancias o microrganismos, que, al
ser aplicados en bajas concentraciones de manera exdgena en la planta, puede estimular
su crecimiento, desarrollo, mejorar la nutricion, calidad y resistencia a diferentes tipos de
estrés. Sin embargo, la definicion mas citada (du Jardin, 2015) menciona que un
bioestimulante es cualquier sustancia o microrganismo aplicado a la planta con el objetivo
de mejorar la eficiencia nutricional, la tolerancia al estrés bidtico y caracteristicas de
calidad de cultivo, independiente de su contenido de nutrientes. A partir de esta definicion
propuso la siguiente clasificacion: a) acidos humicos y fulvicos, b) Hidrolizados de
proteinas y otros compuestos que contienen N, c) Extractos de algas y botanicos, d)
Chitosan y otros biopolimeros, €) Compuestos inorganicos, f) hongos benéficos, g)
bacterias beneficios.
La Union Europea propone la siguiente definicion para bioestimulante: fertilizante cuya
funcion consiste en estimular los procesos de nutricion de las plantas con independencia
del contenido de nutrientes del producto, con el Gnico objetivo de mejorar una o varias de
las siguientes caracteristicas de las plantas y su rizosfera: eficiencia en el uso de los
nutrientes, tolerancia al estrés abidtico, caracteristicas de calidad, o disponibilidad de
nutrientes inmovilizados en el suelo y la rizosfera.
La ley agricola de EE. UU. 2018, considera bioestimulante vegetal a aquella sustancia o
microrganismo que, cuando se aplica a semillas, plantas o a la rizosfera, estimula los
procesos naturales para mejorar o beneficiar la absorcion de nutrientes, la eficiencia de

nutrientes, tolerancia al estrés biodtico, o calidad y rendimiento del cultivo.



En México no se ha definido oficialmente el termino bioestimulante, pero se cuenta con
la Norma Oficial Mexicana NOM-182-SSA1-2010, la cual hace mencion de tres
categorias de reguladores de crecimiento: 1) Reguladores de crecimiento a base de
sustancias que se encuentran de forma natural en los tejidos de las plantas, obtenidas por
extraccion, fermentacion, sintesis u otros métodos; entre estas sustancias se incluyen:
auxinas, citoquininas, giberelinas, generadores de etileno, cofactores, inhibidores de
desarrollo y retardantes de crecimiento. Este tipo de reguladores también son conocidos
como fitohormonas u hormonas vegetales. 2) Productos a base de sustancias que son
obtenidos por sintesis y que no se encuentran en forma natural en la planta. 3)
Productos cuya accion es la de plaguicida.

De acuerdo a las diferentes definiciones antes mencionadas el dcido glutdmico puede ser
considerado un bioestimulante perteneciente a la categoria de hidrolizados de proteinas y
otros compuestos que contienen nitrogeno de acuerdo a la clasificacion de (du Jardin,
2015) y de acuerdo a la norma mexicana NOM-182-SSA1-2010, la 6-bencilaminopurina
perteneciente a la citoquininas podria ser considerada un bioestimulante o regulador de
crecimiento de la categoria 1. De acuerdo a trabajos publicados por autores diversos
ambos productos, al ser aplicados en bajas concentracion han presentado efectos positivos
sobre el crecimiento, calidad, rendimiento y respuesta al estrés como lo mencionan las
definiciones propuestas por la Union Europea, la ley agricola de EE. UU, Dalal et al.,
2019; Panfili et al., 2019.

Acido glutamico (GLU)

El 4cido glutamico es uno de los aminoacidos mas abundantes, puede existir en forma
de glutamato libre o unido con otros aminoacidos formando péptidos (Albarracin ef al.,
2016). Juega un papel importante en procesos fisiologicos como germinacion,
crecimiento y desarrollo de las plantas (Kong et al., 2015; Hassan et al., 2020; Qiu et
al.,2020). Se ha reportado que la aplicacion de GLU es efectiva para inducir la brotacion
de yemas vegetativas y reproductivas, incrementar la concentracion de clorofila, mejora
la calidad de frutos, en peso, tamafio, firmeza y porcentaje de acido citrico (Mazher et
al., 2011; Serna-Rodriguez et al., 2011; Soberanes-Pérez et al., 2020), tiene efecto sobre
la polinizacion y cuajado de frutos, induce la produccion de metabolitos secundarios (Yu

et al., 2010; Michard et al., 2011; El-Shiekh & Umaharan, 2014; Wudick et al., 2018) e



induce la expresion de genes relacionados con defensa y respuesta al estrés (Yoshida et
al.,2016; Kan et al., 2017; Li et al., 2019; Li et al., 2019).

Los efectos positivos del GLU podrian atribuirse a que es un aminoacido fuente de
nitrégeno, constituyente de proteinas y es precursor de varios metabolitos involucrados
en el crecimiento vegetal, en la produccion de pigmentos, vitaminas, metabolitos
secundarios y fitohormonas. Ademas de que puede actuar como osmolito, regulando el
cierre estomatico y el transporte de iones (Franzoni et al., 2022). El GLU podria jugar
un papel importante como un quimico de bajo costo capaz de aliviar los efectos adversos
del estrés salino mitigando las pérdidas de peso fresco y el peso seco, y disminuyendo
la acumulacion de ROS (Fardus et al., 2021). Kan ef al., (2017) mencionan que el GLU
posiblemente tiene un efeto similar a un elicitor o que el GLU exdgeno puede afectar la
pared celular y desencadenar una respuesta de tipo elicitor en la célula vegetal y que
estos cambios pueden ser percibidos por proteinas receptoras o censoras ubicadas en la
superficie celular, las cuales transmiten sefales al ntcleo para regular la expresion de
genes relacionados con la defensa.

6-bencilaminopurina (6-BAP)

Las citoquininas (CK) son fitohormonas vegetales con muchas funciones de sefalizacion
esenciales en el crecimiento y desarrollo de las plantas, regulan numerosos procesos de
desarrollo, incluida la proliferacion y diferenciacion celular, y varios aspectos del
crecimiento de brotes y raices, asi como las respuestas al estrés bidtico y abidtico
(Figueredo et al., 2022).

Las CK naturales se pueden definir estructuralmente como moléculas derivadas de
adenina que contienen un componente hidrofobo en la posicion N6. Las citoquininas
comunes son derivados de la adenina o la fenilurea. Los derivados de la fenilurea son
citoquininas sintéticas como el tidiazuron, mientras que los derivados de la adenina
pueden ser hormonas tanto naturales como sintéticas. Las citoquininas naturales, a su vez
se dividen en CK isoprenoides ( iP, tZ, c¢Z: cis-zeatina y DHZ: dihidrozeatina y sus
conjugados) y CK aromaéticas (N 6- benciladenina, y topolinas) (Savelieva et al., 2018).
Se ha reportado que el uso de citoquininas es popular para controlar la ontogénesis y
promover la resistencia de las plantas bajo la influencia de factores ambientales adversos

y el incremento en el rendimiento de los cultivos (Lian et al., 2023).



La 6-bencilaminopurina (6-BAP) pertenece a una clase de reguladores de crecimiento de
citoquininas sintéticas, la suplementacion exdgena de esta fitohormonas podria ser 1til
para mantener el metabolismo celular normal durante condiciones de estrés (Talukdar et
al., 2022). Se ha demostrado que la aplicacion de 6-bencilaminopurina en diferentes
cultivos favorece la produccion de yemas (Li et al., 2016; Duarte, 2022), generacion de
raices y flores (Ramy et al., 2019; Mangena, 2022) ademas de la eliminacion de especies
reactivas de oxigeno, inhibe la degradacion de la clorofila, incrementa el contenido de
aminoacidos y retrasa la senescencia de las hojas (Yang et al., 2018; Vylic¢ilova et al.,

2020; Wang et al., 2020; Wang et al., 2022).
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Abstract: Blueberry is a highly demanded and consumesd trut due to its beneficial etfects
on human health, because of its bioactive compounds with a high antioxidant capacity.
The interest in increasing the vield and quality of blueberries has led to the application of
some innovative techniques such as biostimulation. The olbjective of this research, was to
assess the eftect of exogenous application of ghutamic add (GLU} and 6-benzylamino-
purine (6-BAP) as biostimulants on flower bud sprouting, fruit quality and antioxidant
compounds in blueberry cv. Biloxi. The application of GLU and 6-BAP positively affected
bud sprouting, fruit quality and antioxidant content. The application of 500 and 10 mg L
P GLU and 6-BAP, respectively, increased the number of flower buds, while 500 and 20
mg L generated frults with higher contents of Havonotds, vitamin C, anthocyanins and
higher enzymatic activity of catalase and ascorbate peroxidase enzymes. Hence, the ap-
plication ot these biostimulants is an effective way to enhance the yield and fruit quality
of blueberries.

Keywords: antioxddants, biostimulant, flower buds, nutraceutical quality.

L Introduction

Blueberry (Vaccimon covynibosiom L.} 1s characterized by low flower bud production,
having long periods of production and staggered ripening of the frust within the plant,
tmplying that several harvests are carried out, and, consequently, production costs rise
[1}. Currently, it 1s sought for Mexico to become one of the mam blueberry producers;
however, to achieve this goal, it is necessary to implement sustainable and environmen-
tally friendly production techniques [2]. These techniques should allow tmely and uni-
torm flowering to concentrate fruit production early in the season to take advantage ot
the lagh prices in the market. On the other hand, an alternative technique that has worked
out in other fruit trees to manipulate fruit production, is the use of blostimulants [3],
which can stimulate plant growth and development and improve nutrition, quality and
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resistance to difterent types of stress when applied exogenously at low concentrations
[4,5.6]. Amino acids such as glutamate (GLU) and phytohormones such as 6-benzy lamino-
purine (6-BAP), are considered biostimulants according to the classifications proposed by
du Jardin [5], the European Union [7] and the Mexican standard NOM-162-S5A1-2010 {8},

Glutamate is one of the most abundant amino acids, and it can exist as free GLU or
as GLU bound with other amino acids to torm peptides [9]. It plays an important role in
plant germination, growth, and development [10,11,12]. The application of GLU is re-
ported to induce the sprouting of vegetative and reproductive buds, increase chlorophyll
concentration, and improve the quality of truits, inclading weight, size, firmness, and the
concentration of citric acid [13,14,15]. It affects pollination and fruit set and induces the
production of secondary metabolites [16,17,18,19] and the expression of genes related to
defense and stress responses [20,21,22 23]

Cytokinins, such as 6-BAP, are plant hormones involved in growth and develop-
ment, regulation of cell division processes, delay in senescence, and regulation of apical
dormancy [24,25] Tt has been reported that the application of 6-BAP in selected crops fa-
vors the production of buds [26,27] and the generation of roots and flowers [2829], in
addition to the removal of reactive oxygen species {30,31,32,33).

As worldwide public health awareness and the demand for functional foods with
multitudinous health benefits have increased [34], bluebernies have gained popularity in
recent years due to their high content of bioactive compounds with high antioxidant ca-
pacity. They have a wide range of pharmacological effects, including anticancer [35], an-
tioxidant (36}, anti-inflammatory [37], and anti-obesity |38} effects, and the prevention and
treatment of degenerative and cardiovascular diseases [39),

In this context, the main objective of this study, was to assess evaluate the eftects of
the exogenous application of GLU and 6-BAP as biostimulants on flower bud sprouting,
frult quality and antioxsdant compounds in blueberry cv. Biloxd.

2. Results
21 Number of buds and fruit quality

Interaction GLU and 6-BAP: The plants that received the application of GLU*6-BAP
at 500-10 mg L7 and 500-20 mg L' showed a greater number of buds per stem, surpassing
46% and 40%, respectively, that of the control plants (Figure 1A, Table 1). The lowest pro-
duction of TSS occurred in those plants when no biostimulants were applied; however,
TS5 increased up to 38% when GLU and 6-BAP were applied (Figure 18), The polar and
equatorial diameters of fruits in plants treated with GLU at 500 mg L increased with the
addition of 6-BAP at 10 mg L a similar effect was observed in plants when GLU was not
applied (Figure 1C-D). The plants treated with GLU at 500 mg L showed tncreased fruit
weight when 6-BAP at 10 mg L' was added; however, when 6-BAP was increased to 20
mg L7, fruit weight tended lo decrease (Figure 1E). The application of GLU 250 mgL*
caused a significant increase of 80% in TA when 6-BAP was not added; however, TA de-
creased when 6-BAP was at 10 myg L2 (Figure LF).

ZR2P2IFAIIIUNT 222 B REQREYALYUARLLEBEESEER B & &
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Figure 1. Ettect of thw interaction of the biostimulants glutamate (GLU) and 6- benzylamino-
puring (6-BAP) on the number of buds and tmit charactenistics of blueberry (Vicciniiom co-
nmbosum L) Biloxt (TSS)Total Soluble Solids, (P. D. F.) Polar diameter of fruit, (E. D, F)
Equatosial diameter of fnuit, (F. W.) Fruit Weight, (TA) Titratable Acidity. Bars represent the
standard error of the mwan. Different letters indicate significant difference (Tukey, p20.05),

Effects of GLU and 6-BAP: The application of GLU increased bud sprouting and
fruit quality (Table 1). Plants treated with GLU 500 mg L1 showed a 23% increase in the
number of buds per stem, while for total soluble solids (T5S), polar diameter, equatorial
diameter, and fruit weight, they exhibited an increase of 15%, 12%, 16%, and 15%, respec-
tively, compared to the control plants (Table 1). The application of 6-BAP also increased
the number of buds, polar diameter, equatorial diameter, and fruit weight, generating sig-
nificant increases of 15%, 19%, 32% and 14%, respectively, when compared to the control
plants (Table 1), The TSS in fruits from plants treated with 6-BAP was not significantly
ditferent compared to the control (Table 1).

Table 1. Effect of the application of the biostimulants ghstamate (GLU) and 6- benzylamnopusrine
(6-BAP) an the number of buds and fruit characteristics of blueberry (Vaccimom corynibosim L)

Biloni.

Treatments

N.B.

TSs
("Brix)

P.D.F
(mm)

E.D.F
(mm)

F.W.
®

TA
(% de A. C)

GLU

15402 041b

1670 :0.43b

18.90 £0.54a
<0.0001

13.50 10.61b

1517 +047a

15.50 +037a
0.0021

10.17:056 b

10.22 0206

1145 20.22a
<0.0001

14.93 £0.87b

14.06 0.56b

1645 «0.61a
0.0002

1.69 +0.04b

1.73 20, 04b

1.95 +0.06a
<0.0001

0.32+001b

0.40 0.4a

0.37 :0.03ab
0.0366

6-BAP 10

15462047 b

17.60 £0.63a

17.90 «051a
0.0016

14004077 a

14921045

15251025
0.0748

943+ 0.46b

11.32 20.25a

1118 20.20a
<0.0001

12.45 <0 46b

16,62 20.5%

16.39 £0.39
<0.0001

164+ 0.03b

17220.07a

187 «0.0Ma
<0.0001

0.43:003a

0.30 +0.02b

0364 0.03ab
0.0016

GLU"6-BAP  ANOVA

0.0082

0.0250

0.0002

0.0427

0.0006

0.0007

(S

7.35

901

6.52

809

18.21

16,31

g88sesgazeeam
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(N. B) Number of buds, (TSS)Total Soluble Salids, (P. D. F.) Polar diameter of fruit, (E. D. F.) Equa-

tonial diameter of fruit, (F. W.) Fruit Weight, (TA) Titratable Acidity, (C.V.,) Varation coetfickent.

Disferent letters within columns indicate significant difference {Tukey, p<0.05). n =6 = standard

wroor

2.2 Nonenzymatic antioxidants m frivits

Interaction between GLU and 6-BAP: The interaction did not present a significant

etfect on the content of phenols in the fruit (Figure 2A), however, there was a significant
increase in the content of flavenoids in fruit in plants where GLU at 500 mgl -+ was applied
in synergy with 6-BAP 20 mgL* (Figure 2B), The concentration of Reduced ghutathione
(GSH) in fruit increased as the concentration of GLU and 6-BAP increased (Figure 2C).
The application of GLU 500 mg L in synergy with 6-BAP 20 mg L presented a higher
vitamin C concentration, exceeding by 20% that obtained by the fruits from control plants
(Figure 2D). In plants where GLU 500 mg L was applied, anthocyanin content increased
as the dose of 6-BAP was increased, and a similar trend was observed in plants where
GLU was not applied (Figure 2E).
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Figure 2. Effect of the interaction of the biostimulants ghitamate (GLU} and 6- benzyla-
minopurine (6-BAP) on the content of nonenzymatic antioxidants in blueberry (Vacchminm
corymbosum L) fnnts, (DW) Dry Weght, (FW) Fresh Weight, (GSH) Reduced ghutathione.
Bars represent the standard error of the mean. Different letters indicate significant difterence
(Tukey, p <0.05).

Effects of GLU and 6-BAP: Phenols in fruit were not influenced by the application
of the treatments (Table 2). In contrast, the contents of flavonoids, GSH and vitamin C
increased by 16%, 14% and 17%, respectively, with the application ot GLU at 500 mg L,
Anthocyanin content did not show differences between plants treated with GLU at 250
and 500 mg L*; however, when compared to control plants, there was an increase of 15%.

The application of 6-BAP at 20 mg L* increased the contents of flavonoids, GSH, vit-
amin C and anthocyanins by 15%, 15%, 9%, and 66%, respectively (Table 2).

Table 2, Ettect of the application of the tiostinmilants glutamate (GLU) and 6- benzy lanenopurine
(6-BAP) on the content of nonenzymatic antioxadants m bluebersy (Vaccanimt conpmbosum L)
truits.

10

5EFEEEsESE S

e
w07

s
109
1o
i
n
13
R
1ns
16
uz
118



Plogs 2023, 12 x FOR PEER REVIEW St
GSH
W g Phenols Flavonoeids (mmol 100 g Vitamin C Anthocyanins
(mgg*DW) (mgg' DW) DW) (mg 100 g* FW)  (mg 100 g* DW)
0 40.35:813a  5538:1031b 113031 b 12162 0.17b 267,15+ 18.58b
P 250 2046082 582545070  1.22+0.07ab 1269 0.18b 301.68 +17 B&a
500 4091 :556a 6408639 1.3140.15a 1418 =044a 311.59 +16.67a
ANOVA 0.7392 <0.0001 0.0188 <0 0001 0.006
0 4258 :693a 56.63 +734b 1.13 +0.33b 1242 0270 225.22+7 87¢
GBAP 10 .07 161538 56.17 +6.69b 1.22 +0.08ab 13.09 :0.32b 281.08 <13.08b
20 400646788 64911+802a 13010.10a 13.52:053a 374.114597a
ANOVA 0.4956 «0.0001 0.0266 0.0039 <0.0001
GLU"6-BAP  ANOVA 0.148 «0.0001 0.009 0.009% «<0.0001
CV. 14.65 751 1387 462 1265

W

Fhesels tmg 5 * DW)

-
SBAT mg Lt

(DW) Dry Weight, (FW) Frosh Weight, (GSH) Reduced glutathione, (€ V.) Variation coofficient.
Ditferent letters within cohinmns mdicate significant datference (Tukey, p < 0.05), n =6 = standard

orror

2.3 Nonenzymatic antioxidants in leaves

Interaction GLU and 6-BAP: The interaction of GLU and 6-BAP generated moditica-
tions in the content of nonenzymatic antioxidants in leaves (Figure 3). The concentration
of phenols in the leaf increased in those plants where GLL 250 and 500 mg L+ were ap-
plied in synergy with 6-BAP 10 and 20 mg L+ (Figure 3A), while flavonoids increased by
16% with the application of 500-20 mg L (Figure 3B). The 250-10 mg L/ treatment caused
a 7% increase in GSH compared to the control (Figure 3C).
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Figure 3. Effect of the interaction of the biostimulants ghitamate (GLU) and 6- benzylammo-
purine (6-BAF) on vmati sdant content m blueberry (Vacoinium corymibosim L)
leaves. (DW) Dry Weight, (GSH) Reducad glutathione. Bars represent the standard error of the
mean Different letters indicate significant ditference (Tukey, p < (0.05).

Effects of GLU and 6-BAP: The application of GLU and 6-BAP’ generated modifica-
Hons in the content of nonenzymatic antioxidants in leaves (Table 3). Both concentrations
of GLU increased the content of phenols in the leaf, exceeding that of the control by up to
34%, while the content of flavenoids presented an average increase of 7%. Both concen-
trations of 6-BAP induced a decrease in GSH of up to 18% in reference to the control

plants,
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Table 3. Effoct of the application of the biostimulants glatamate (GLU) and 6- benzylaminopurine (6-

BAP) on venati ioxadant content in blueberry (Viaceinium corymbosum L) Jeaves.
Phenols Flavonoids GSH
[reatments (mg g' DW) (mg g* DW) (mmol 100 g* DW)
0 3636+677 b 3832 +1.670 319+ 0980
Gty 250 4504 +4.72a 41.58 £2.7% 3724039
300 48 61 £2.64a 40.74 +2.88a 3.17+0.35p
ANOVA <0.0001 0.1639 <0.0001
0 40.9 +6.05b 39.08 +2.083b 3711031a
10 4652 45.10a 40.01 +331ab 3.04 10.98¢
GOAR 20 43.18 £9.10b 41.54 £2.54a 333038
ANOVA 0.0008 0.132 <0.0001
GLU*6-BAP ANOVA 0.0009 <0.0001 <0.0001
cV. 848 457 6.62

(DW) Dry Weight, (GSH) Reduced glatathione, (C.V.) Variation coefficient. Different letters
within columns mdicate significant difference (Tukey, p<0.05). n=6 + standard error.

2 4 Photosynthetic pigments

Interaction between GLU and 6-BAP: Signiticant interactions in photosynthesis pig-
ments were obtained owing to the application of different levels of glutamic acid and 6-
benzylaminopurine. The interaction GLU*-BAP at concentrations of 500 and 20 mg L
respectively, showed increases of 23%, 22% and 23% in chlorophyll a. # and total chloro-

phyll, respectively (Figure 4).
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Figure 4, Effect of the interaction of the biostimulangs ghutamate (GLU) and 6- benzylamino-
purine (6-BAP) on photosyntletic pigment content. (FW) Fresh Weight. Bars represent the stand-
ard error of the mean. Ditferent letters indicate ssgnificant difference (Tukey, p < 0.05),

12

136
137

138
139
140
ut
w2
143
PLR)
145

146
1 Ch
ue
49
150
1
152



Plogs X020, 12 x FOR PEER REVIEW

Tot 0

Effects of GLU and 6-BAP: Chlorophyll {a b and total) showed significant effects
due to the biostimulants assessed (Table 4), Chiorophyll 2. b and total chlorophyll in-
creased by 18%, 10% and 15%, respectively, due to GLU applications when compared to
control plants. Regarding the application of 6-BAP, the concentration ot chlorophyll an
increased by 3%, while chlorophyll b and total diorophyll did not show any significant
effect with respect to the control plants.

Table 4. Effect of the application of the biostinmlants glustamate (GLU) and 6- benzylaminopurine (6-BAP) on

1. .

p pigment
e Chlorophylla~ Chlorophyll b Total Chlorophyll
(mg 100 g1 FW)  (mg 100 g* FW) (mg 100 g2 FW)

GLU 0 70.99 12.32¢ 5207:3050 1230642.15¢
250 7529:307b 56.18 £5.75a 13147 =3.11b
500 83.95 45,154 5746 22.27a 141.41 4599
ANOVA <0.0001 0.0068 <0.0001
0 75.19£395b 55.92:352a 1311122642

6-BAP 10 775247 16a 54.46:50%9a 13198 13.58a
20 77.51 +8a 55.33:654 a 13285 16.16a
ANOVA 0.0084 06781 0.6314

GLU*6-BAP ANOVA <0.0001 <0.0001 <0.0001
CV. 289 8.24 408

(FW) Fresh Weght (CV.) Variation coetficient. Ditterent letters within columns indicate signibi-
cant difference {Tukey, p < 0.05). n =6 = standard error.

2.5 Enzynabic antioxidants in frints

Interaction between GLU and 6-BAP: The interaction GLU"6-BAP at concentrations
of 500 and 10 mg L* induced higher CAT activity; however, it was not significantly dif-
terent from that of the control (Figure 5A), GPX activity was higher in the 500-10 mg L+
treatment (Figure 5C). The application of the treatments did not influence the enzymatic
activity of APX (Figure 5D).
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Figure 5. Etfect of the interaction of biostimulants glutamate (GLU) and 6- benzviaminopurine (6-
BAP) on enzymati ioxidant activity in blueberry { Vacchum cornymbosum 1) fnuits. (CAT) Cata

lase, (PAL) Phenylalanine ammonia lyase, (GPX) Glutathione peroxidase, (APX) Ascorbate peroxi-
dase. Bars represent the standard error of the mean. Different lotters indicate significant differvnce
(Tukey, p < 0.05).

Effects of GLU and 6-BAP: GLU modified the activity of CAT and GPX in the fruit
(T'able 5). The concentration of GLL! 500 mg L' increased the activity of CAT and GPX by
27% and 28%, respectively, in relation to the control. The application of GLU 250 mg L
caused a 20% decrease in PAL compared to that of the control, and there was also a 14%
decrease in APX enzymatic activity when GLU 500 mg L was applied compared to GLU
250 mg L, which caused higher activity. The application of 6-BAP did not modify the
enzymatic activity of CAT and AP'X; however, at 20 mg L, it increased the activity of PAL
and GPX by 26 and 20%, respectively.

Table 5. Eftect of the application of biostimulants glutamate (GLU) and 6- benzylaminopurine
(6-BAP) on enzymatic antioxadant activity in Blueberry (Vaccmems corymbosion L) fruits

Tiaataaiks CAT PAL GPX APX
(Ugloog!TP) (Ugl00gTP) (U g 100 g* TP) (U g 100 g TP)

39841.40b 0,57 +0.10a 398 £ 1.18b 6.76 £1.10ab
GLU 334 +136b 0.49 0.00b 3.71 z0.86b 6.92:1.35a
506 40.91a 0,61 +0.164 5.140.61a 5931095

ANOVA 0.0009 0.0025 0.0001 0.0356
409 +1.21a 05 +0.070 376+1.22h 653 +1.18a
6BAP 438+1.55 0.55 £0.14ab 451+1.14a 647 =1.11a
392 £1.51a 0.63 40.11a 45240.71a 6.62 +1.31a

ANOVA 0.5495 0.0012 0.0192 0.9229
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GLL™6-BAP ANOVA 0.0318 0.0272 0.058 00725
cv 2781 16.04 18.76 174

(CAT) Catalase, (PAL) Phenylalanine ammonia lyase, (GPX) Glutathione peroxidase, (APX) As-
carbate peroxidase, (C.V.) Varation coefficient. Drtferent letters within columms indicate signifi-
cant datterence (Tukey, p <0.05). n =6 + standard ervor.

2.6 Enzymatic antioxidants i leaves.

Interaction GLU and 6-BAP: The CAT and APX activities showed positive effects with
the interaction of GLU and 6-BAP at 500 and 20 mg L, respectively, increasing by 86%
and 74%, respectively, compared to that control plants (Figure 6A, D). The highest PAL
activity occurred in those plants treated with GLU at 250 mg L' added with 6-BAP 10 mg
L (Figure 6B). The highest GPX activity occurred in plants when 6-BAP was applied with
no GLU (Figure 6C),
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Figure 6. Effect of the interaction of biostimulants glutamate (GLU) and 6- benzvlaminopunine (6-BAP)
on the enzymatic activity in biueberry (Vacambiom corymbosum L) leaves. (CAT) Catalase, (PAL} Phenyla-
lanine ammonia lysse, (GPX) Glutsthione peroxidase, (APX) Ascorbate peroxidase. Bars rep the
standard error of the mean Ditterent Jetters indicate stgnificant difference (Tukey, p <0.05).

Effects of GLU and 6-BAP: The enzymatic activity in blueberry leaves was affected
by the treatments applied (Table 6). GLU had a positive effect on CAT and APX, generat-
ing increases of 68% and 36%, respectively, when applied at 500 mg L7, while GLU at 250
mg L did not cause any significant effect when compared to the control plants. Regarding
PAL and GPX, there was no effect caused by either concentration of GLU. With respect to
the application of 6-BAP at 20 mg L, increases of 33% and 28% of CAT and APX, respec-
tively, were ocbserved, while at this concentration, PAL and GPX were not ditterent from
control plants.

Table 6. Effect of the application of biostimulants glutamate (GLU) and 6- benzylamanopurine
(6-BAP) on the enzymatic activity in blueberry (Vaccimiom corymibasim L) leaves

Treatments

CAT PAL GPX APX
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(U g 100 g* TP) (Ug 100 g TP) (Ug 100 g' TP (Ug100g! TP)

0 147.03:11.34 b 46.93 +0.0a 460.51+ 20.86a 20.33:0.71b

250 180.42« 6.48b 51.70 25.74a 512,97 +11.93a 19.59 10,550

GLU 500 247 42+ 9.09a 4693 «4.13a 437.05 5 Ma 27.69 +1.46a
ANOVA 0.0001 0.2278 0.0729 <0.0001

0 17477 47370 5211 :5.18a 49211 +14.52a 20.03 +0.90b

6BAP 10 168.17 =15.98h 50.10 #6684 407 29 1751b 2196 +1.28b

20 23193 +1187a 5314 +421a 511.14 11857a 25.60 149
ANOVA 0.0062 0.8588 0.0071 <0.0001
GLUM6-BAP  ANOVA 0.3328 <0.0001 <0.0001 0.0067

cV 2926 2952 1907 11.83

(CAT) Catalase, (PAL) Phenylalanine ammonia lyase, (GPX) Glutathsone peroxidase, (APX) As-
corbate peroxidase, (C.V.) Variation coefficient. Different ketters within colunms indicate signifi-
cant ditterence (Tukey, p < 0.05). n =6 + standard error.

3. Discussion
3.1 Number of buds and fruit quality

Flowering is one of the most crucial stages in the plant life cycle since it represents
the transformation from the vegetative to the reproductive phase [40]. This stage com-
mences with the induction of floral buds, followed by differentiation of primordia and
tinally the maturation of the tloral organs [4142]. An increase in the number of flower
buds and quantity of flowers induces greater fruit tormation, which could be associated
with a higher fruit yield [43,44]. As expected. GLU and 6-BAP (Table 1) increased bud
sprouting in blueberry, which concurs with reports by El-Metwally et al. [45] showing
that 20 mg L GLU increased the number of branches and fruits per plant in peanut,
whereas the application of 5 mM (735 mg L) GLU in sunflower s improved the morpho-
logical characteristics, root length, plant height and the number of flowers [46). Regarding
the beneficial etfects of 6-BAP, Li et al, [27] and Zhang et al. [47] reported that the appli-
cation of 3X) and 30 mg L* on apple and mulberry, respectively, increased the growth and
the number of shoots and buds.

Fruit quality parameters such as fruit weight, size, TSS and acidity content [48] were
improved by the biostimulant application, similar results were reported by Ariza Flores
et al. [49), indicating an increase in dtric acid in lime fruits by the application of GLU at
0.45 kg ha''. The total soluble solids observed in the present study ranged between 11 and
16.5 "Brix, and its acidity was lower than0.7%; these parameters comcide with the quality
standards reported by Madrid and Beaudry [30] stating that the acidity of blueberry fruits
should not exceed 0.7% and that “Brix must be higher than 10%. In addition, the size of
the fruits harvested, except for those of the control were rated as large according the qual-
ity protocol for fresh blueberries published by FAO [51], which classifies the size of the
truit according to the equatorial diameter as small (6-8 mm), medium (9-11 mm) and large
(=12 mm), with the exception of the control. Similar indings were reported with BAP ap-
plications that increased the quality and size of the fruit [52]; additsonally, the application
of 100 mg L+ BAP increased fruit size and vield in Duke and Bluecrop blueberries [53)
Furthermore, Abdelgadir et al. [54] reported an increased number of flowers per plant,
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number of fruits per cluster, and weight and size of Jatropha curcas truits with the applica-
tion of 6-BAP at 3 mM (676 mg [4),
3.2 Nonenzymatic antioxidants

The interest in producing and marketing blueberries is related to their high content
of bicactive compounds such as phenols, flavonolds, and anthocyanins, among, others,
which are beneficial to human health [35]. The beneficial effects of these compounds are
mainly due to their antioxidant properties and free radical scavenging capacity in the hu-
man body [56]. However, our results showed that applying GLU and 6-BAP caused fur-
ther increases in the activity of nonenzymatic antioxidants such as Havonoids, GSH, vita-
mun C, and anthocyanins, thus improving the nutraceutical quality of blueberry fruils.
The findings reported here (Tables 2 and 3) agree with those by El-Metwally et al. [45],
who reported that GLU increased the content of flavonoids and phenols in peanut seeds
and leaves. The exogenous application of GLU at different concentrations promoted the
accumulation of anthocyanins in litchi fruits and m the leaves of apple, pear and peach
[57, 58, 59, 60, 61). An increase in the content of total phenols in onion bulbs and an m-
crease in the content of flavonoids in the leaves and roots of Crataegus pinnatifida were
reported by applying GLU [62,63]. In mulberry leaves and cucumber fruits, increases in
the flavonoids content and total phenols, respectively, have been reported by applying 6-
BAD [47, 64].

3.3 Photosynthetic pigments

Several authors have noted the positive effect of GLU on photosynthetic efficency
and chlorophyll concentration. Our findings indicate that in blueberry there is an increase
in chlorophyll a by the application of 6-BAP and significant increase of chlorophyll a, b
and total chlorophyll by the interaction GLU"6-BAP at the higher concentrations (Table
4); these results agree with those reported by El-Metwally et al. [45], as the application of
20 mg L GLU increased the content of chlorophyll @ and b and total chlorophyll in pea-
nuts. In contrast, Franzond et al. [65] and Wang et al. [33] reported that applying GLU and
6-BAP had no positive effect on chlorophyll content and yield in lettuce and maize.

3.4 Enzymatic antioxidants

During the process of establishment, development, and growth, plants face severe
conditions causing stress and increased production of reactive oxygen spedes (ROS) [47].
ROS are present even when plants grow under optimal conditions [66) ROS, including
hydrogen peroxide (HA2), hydroxy! radical (OH-), superoxide anion (Oz), and singlet ox-
ygen (O7), are byproducts of metabolic processes {67]. Excessive ROS production leads to
lipid peroxidation, membrane injury, enzyme inactivation, inhibition of photosynthesis,
respiration, plant growth, and secondary metabolite production [68]. Plants have devel-
oped defense mechanisms capable of eliminating ROS and preventing oxidative damage,
which include antioxidant enzymes such as superoxide dismutase (SOD), peroxidase
(POD), CAT, APX, and glutathione reductase (GR) and nonenzymatic antioxidants such
as ascorbate (AsA) and GSH [69, 70]. According to these arguments, the increased enzy-
matic antioxidant concentrations in treated plants observed in the present study (Table 5
and Table 6) suggest the possibility of inducing blueberry plants to produce antioxidants
in larger quantities to protect themselves against increasingly adverse environmental con-
ditions.

Various authors have reported a decrease in reactive oxygen species and lipid perox-
idation through applications of GLU and 6-BAP that resulted in increased enzymatic ac-
tivity [71]. The results reported by Chen et al. [68] and Yang et al. [31] showed that 6-BAP
increased the enzymatic activity of CAT and APX. Other studies reported that GLU ta-
vored higher APX and CAT activity in the leaves and roots of sunflower plants, while
Farid et al. [46] reported higher CAT activity in soybean [72].
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Although PAL s not an antioxidant, i1 Is a key enzyme in the phenylpropancid path-
way, and it catalyzes the conversion of L-phenylalanine into trans-cinnamic acid, which
is the precursor of a variety of phenolic compounds with structural and defense functions,
such as lignin, flavonoids and coumarins [73]. The results observed in the present study
partially agree with those by Cud et al. [63], QiaoZhen et al. [74], Teixeira et al. [72] and
Zhang et al. [47], who reported increases in PAL caused by the application of GLU anel 6-
BAP. Increases in PAL activity can be induced by applying exogenous agents, including
some hormones [75).

The etfectiveness of GLU and 6-BAP treatments depends largely on the species, con-
centration, timing, and methed of application; doses reported by various researchers have
presented null or toxic ettects when applied in other species [65, 66},

4. Materials and Methods

4.1 Study area

The study was carried out in a tunnel-type greenhouse in the Department ot Horti-
culture at the Antonio Narro Autonomous Agrarian Undversity in Saltillo, Coahuila, Mex-
tco, which is located between the geographic coordinates of 25°22° north latitude and
101°02° west longitude and at an altitude of 1742 m above sea level,

4.2 Vegetal material

Two-year-old Biloxi blueberry plants were grown in 30 L containers with coconut

tiber as a growing medium. Mineral nutrition was modified sccording to the phenological
stage of the plants (Table 7), and it was applied through a drip irrigation system
Table 7. Ion concentration of the nutrnent solution used in the ditterent stages of the cultivation
of blueberry (Vaccinmm corymirosum L) ev. Biloxe

mEq L3
themologicel Sloee CE pH  NOr NHe HPOr  SO& K Ca» Mg+
Vegetative 1112 5055 4 5 15 55 25 2 15
Differentiation flowering 0809 5055 2 2 15 3 5 2 10
Fruit production 1113 35055 3 3 15 6 4 235 135

(CE) electric conductivity, (pH) hvdrogen potential, (NO7) nitrate, (NHO) ammonium, (HPOy)
phosphoric aad, (SO ) sulfate, (K) potassium, (Ca™) calonm, (Mg™) magnesium,

4.3 Experimental design and treatments

The experiment was established as a completely randomized factorial design with
nine treatments (Table 8) and six replicates each; the treatments consisted of three ditfer-
ent concentrations of GLU and three of 6-BAP plus the interaction of both factors. GLU
(99%, Sigma Aldrich) was dissolved in distilled water, while 6-BAP (99%, Sigma Aldrich)
was dissolved in 1 mL of ethanol and subsequently diluted with distilled water to obtain
the concentrations desired, The treatments were applied weekly (for eight weeks) by
drenching after pruning.

Table B. Glutamate (GLU) and 6-benzyl amino punne (6-BAP) treatments applied to
blueberry (Vaccomium conprbosum 1) cv. Biloxi

Treatment GLU (mg LY) 6-BAP (mg L7) Keys

n* 0 0 0-0mgL*

k. 0 10 0-10mg L+
T3 0 20 0-20 mg L*
T 250 0 250-0mg Lt
T5 250 10 250- 10 mg L+
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To 250 20 250- 0 mg L+
17 300 0 500- 0 mg L.+
18 500 10 50- 10mg L+
T9 500 20 500- 20 mg L+
(*} control distilled water
4.4 Fruit quality

A sample of 50 ripe fruits from each treatment and replication was taken and evalu-
ated. Total soluble solids ("Brix) were evaluated by placing a drop of fruit juice on the lens
of an analog refractometer (ATAGO, MASTER-alfa). The polar and equatorial diameters
of the fruit (mm) were measured with a digital caliper (STEREN model HER-411). Fruit
weight (g) was determined with a balance (T] model MH-500).

441 Titrimetric methods

Titratable acidity (% citric acid) was determined by titrimetry according to Capocasa
etal [76]. 20 g fresh frust were weighed and macerated homogeneously, then, the mixture
was filtered with a sterile gauze and 10 mL of the macerate was taken, five drops of phe-
nolphthalein were added and titrated with sodinm hydroxide (NaOH, 0.1 N) until a pink-
ish coloration was obtained. The quantification of titratable acidity was determined using
the (Equation S1).

Vitamin C (mg 100 g fresh weight) was determined by the titration method with 2,6
dichlorophenolindophenol [77]. 20 g of tresh truit were weighed, macerated in a mortar
with 10 mL of hydrochloric acid (HCI) 2% and 100 mL of distilled water were added,
filtered through sterile gauze then a 10 mL aliquot was taken and titrated with 2-6 dichlo-
rophenolindophenol until 4 pinkish color was obtained. The quantification of vitamin C
was determined using the (Equation 52).

4.5 Sample preparation tor biochemical analysis.

Ripe fruits and leaves were collected from each treatment, which were freeze-dried
(FreeZone2 5-liter Benchtop Free Dry Systemy, LABCON) and ground with a mortar to
later carry ot the subsequent analyses. Fruits were sampled when they had developed
completely a blue color, free of damage and lesions.

4.5.1 N ymatic antioxidants

The content of total phenols was determined according to Yu & Dahlgre [78], the
calibration curve was performed using gallic acid (Figure 51),

The flavonoids content was determined according to Arvouet-Grand et al. [79), the cali-
bration curve was performed using catechin as a standard (Figure 52).

Reduced glutathione (GSH) was determined by reaction with 5,5 dithio-bis-2 nitro
benzoic acid (DTNB) according to the technique reported by Xue et al. [80]. 0480 pl of
enzyme extract, 2.2 mL of dibasic sodium phosphate (Na:HPOu at 0.32 M) and 0.32 mL of
DTNB dye (1 mM) was placed in a test tube. Subsequently, the mixture was vortexed and
read in a UV-Vis spectrophotometer at 412 run, The calibration curve was performed us-
ing reduced glutathione as a standard (Figure S3),

Anthocyanine were quantified by differential pH according to the technique de-
saribed by Giusti & Wrolstad [81], 50 mg of lyophilized tissue were weighed and 5 ml of
ethanol adidified with 1% hydrochloric acid (HCl) were added. The mixture was centni-
fuged at 4000 rpm for 15 minutes at 0 °, The reaction mixture consisted of 2 phases: in
phase 1, 400 uL of extract was mixed with 1600 1 of 0.025 M potassium chloride KCI (pH
1.0); and in phase 2, 400 pL of extract was mived with 1600 pL of 0.4 M sodium acetate
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chloride (pH 4.5). The absorbance of both samples was read a1 520 and 700 nm. The quan-
tification of anthocyanins was determined using the (Equation 53).

4.5.2 Enzymatic antioxidants

Catalase (CAT, EC 1.11.1.6) was determined according to Dhindsa et al. (82}, the cal-
ibration curve was performed using hydrogen peroxide (Figure 51). Glutathione peroxi-
dase (GPX, EC 1.11.1.9) was determined by the methodology of Flohé et al. [83], the cali-
bration curve was performed using reduced ghatathione (Figure 55). Phenylalanine am-
monium fyase (PAL, EC 43.1.5) was determined according to the methodology of Syktow-
ska-Baranek et al. [84], the calibration curve was performed using transynamic acid (Fig-
ure S6). The ascorbate peroxidase (APX, EC 1.11.1.11) was determined according to what
was established by Elavarthi & Martin [85], the calibration curve was performed using
ascorbic acid (Figure S7).

4. 6 Photosynthetic pigments

The content of chlorophyll @, chlorophyll b and total chlorophyll were determined in
leaves according to the methodology reported by Amon [86] and Munira et al. [87]. 50 mg
of lyophilized tissue were weighed, plus 10 mg of magnesium carbonate and 2 mL of 90%
acetone was added then it was centrifuged for 5 min at 12 500 rpm at 4°C; the supematant
was taken and read in a spectrophotometer at 645 and 663 nm. The results were expressed
in mulligrams per 100 grams of dry weight (mg 100 gt DW). The chlorophyll content was
deternuned using the (Equation 54).

4.7 Chemical reagents
The reagents and solvents used during the mvestigation were sourced from Sigma
Aldrich 99%.

4.8 Statistical analysis
Data were analyzed by two-way ANOVA using InfoStat sottware 2020, Tukey's sim-
ultaneous test (p = 0.05) was used for means separation.

5. Conclusions

The synergistic application of GLU and 6-BAP showed beneficial effects on blueber-
rles, resulting in substantial increases in photosynthetic pigments, antioxidant defense
mechanisms, and the number of flower buds, which could result in an increase in yield.
The application of both biostimulants could be considered as a promising practice to im-
prove the production in quantity and quality of blueberry fruits.
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Flower bud bio-stimulation in blueberry cv. Biloxi

Maria I PEREZ-LEON', Jos¢ A. GONZALEZ-FUENTES", Adalberto
BENAVIDES-MENDOZA', Luis A. VALDEZ-AGUILAR', Danicla
ALVARADO-CAMARILLO?, Carlos E. CASTILLO-CHACON?,

'Anconio Narro Aumoomeus Agrarian Univensity, Deparrment of Horticulrure, Caizada Ancanio Narra 1923, Buenavista,

25313, Sakitlo, Coahuila, Mexico: mariaperesgecolposm . agl23 2001 g0 pmadlcom , abenmengguall.com,
huisilonso_saithounailoom (“corcesponding authar)
'Antouio Narro Autonomious Agrarian Universiey, Department of Soil Science, Calrads Ameounio Narro 1923, Buenavista 25315,
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'Agricufeural Production Technical Consultants, Guadalsjara, Jalisco, Mexico: carlosccatiliof S pmailcom

Abstract

Blucberry iy higghly damanded fruit in furcign markets, the growing consumprion i duc to dhe
benelicial effeces on human health, due o o bioacrive compounds wich high anciosidant capacicy. The
inerest in increasing producdon in quality and quancicy las led w die application of teclinigues such s bio-
stimubation, The objective of this research was toassess the effec of exogenous application of glusumic acid
(GLU) and 6 benzylaminopurine (6 BAP) as bio stimulants on flower bud sprouting, fruit qualicy and
antioxidant compounds in Biloxi blueberry. The experiment was carried out in a cunnel type greenhouse,
where plants were grown in 30 L pots using coconut fiber as a growing medium, mineral nutrition was
supplied chrough the irrigation system. The experiment was established under a completely randomized
design with facrorial arrangement, treatments consisted of three doses of GLU (0, 250 and 500 mg L) and
three doses of 6 BAP (0, 10 and 20 mg L") giving a cotal of nine treacments. The application of GLU and &
BAP positively affecred bud sprouting, fruic quality and antioxidanc content. The interaction of GLU 500
mg L' and 6 BAP 10 mg L' led o an increase in the number of flower buds, while the interaction of GLU
500 mgL 'and 6 BAP 20 mg L ' generated fruits wich higher content of flavonoids, vitamin C, anthocyanins
and higher enzymartic activicy in catalase (CAT) and ascorbare peroxidise (APX) enzymes.

Keywords: 6-benzylaminopurine, antioxidanes, blucberry, bio-stimulant, quality. L-glutamic acid,
buds.
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Introduction

Blucherry ( Vaccinium corymbosum L.) is 4 highly demanded fruit in the international markers,
mainly in the United States (Pérez er al, 2022). The increasing consumption of blueberry is due to the
beneficial effects on human healch due to its bioactive compounds with high antioxidant capacity (Celik e
al, 2018; Colak er al., 2018; Jara-Palacios et al., 2019}, which explains why it continues gaining new areas
for commercialization and consumers.

Mexico has the potenrial o become an imporeant producer of blueberries, however, to achieve this
goal it is necessary to implement sustainable and environmentally friendly production techniques (Sarkar ec
al, 2020); these techniques should allow carly and uniform flowering to concentrate fruit production carly
in the season in order to take advantage of the high prices in the marker. An alternative technique chae has
worked out i other fruit trees to manipulate fruit production is the use of bio-stimulanes (Del Buono,
2021), A bio-sumulant can be defined as a substance or microorganism thar can sumulace plant growth,
development, improve nutrition, qualicy and resistance to different types of stress when applied exogenously
at low concentrations (Dalal ee al. 2019; du Jardin, 2015; Panfili er al, 2019).

Glutamate (GLU) is one of the most abundant amino acids, it can exise as free glutamate or bound
with other amino acids to form peptides (Albarracin ec al, 2016), It plays an important role in plant
germinacion, growch and development {Hassan eral, 2020; Kong er al, 2015; Qi er al, 2020). It has been
reported thar che application of GLU effectively induces the sprouting of vegerative and reproductive buds,
increases the concentration of chlorophyll and improves the quality of fruits, including weight, size, firmness
and the concentration of citric acid (Mazher er al.. 2011; Serna-Rodriguez et al.. 2011; Soberanes-Pérez et
al, 2020). It has effects on pollination and fruir ser, induces the production of secondary metabolites
(Michard cral, 2011; Wadick eral, 2018; Yu er al, 2010; E)-Shickh & Umaharan, 2014) and induces the
expression of genes relared to defense and stress response (Kan e al, 2017; Li ec al, 2019; Li et al, 2019
Yoshida eral., 2016).

Cyrokinins are plant hormones involved in the groweh and development, regulation of cell division
processes, delay in senescence and regulacion of apical dormancy {(Cortleven ceal. 2019; Saini e al, 2021),
It has been reported that the application of 6 benzylaminopurine (6 BAP) in selected crops favors the
production of buds (Duarte, 2022; Li er al, 2016) and the generation of roots and Howers (Mangena, 2022;
Ramy et al, 2019), in addition to the removal of reactive oxygen species (Burke, 2013; Yang ee al, 2018;
Wang et al, 2020; Wang et al, 2022).

Currently, information on the cffects of GLU and 6-BAP on blucberry is scarce, Therefore, the
present seudy was proposed to evaluate the effects of exogenous application of GLU and 6-BAP as bio-
stimulants on flower bud sprouting and fruic quality in blucherry ev Biloxi,
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Materials and methods
Seudy area

The study was carried our in a tunnel-type greenhouse in the Deparrment of Horiculrure ar the
Antonio Narro Autonomous Agrarian University, in Saltillo, Coahuila, Mexico.

Vegeral marerial

Two-year-old Biloxi blucherry plants were grown in 30 L capaciry containers using coconur fiber as a
growing medium. The mineral nutrition was modified according ro the phenological stage of the crop (Table
1) and it was applicd through a drip irrigation system.

Table 1. lon concentration of the nutrient solution used in the different stages of the
cultivation of blueberry | Vaccinium corymbosum L) cv. Biloxi.

: meq /1.
Pimologlel Siagi CE [ pH | NO¢ | NH | HPOo | SO7 | KT | Ca | Mg
Vegetative LEI2 | 5055 | 4 5 15 5.5 25 |2 1.5
Differentiation-Flowering | 0.8-09 | 5055 | 2 2 15 b s |2 1O
Fruit production LIL3 | 5055 | 5 3 15 6 4 22§ 1.25
Experimental design and rreacments

The experiment was established under a completely randomized design wich factorial arrangement,
with nine trearments (Table 2) and four replicates cach; the trearments consisted of three different
concencrations of GLU and three of 6-BAP plus che interaction of both factors The treaements were applied
weekly (cight weeks) via drench after pruning,

Tablc 2. Bio-stimulant treatments applicd to blucherry ( Vaccininm corymbosum L.) cov. Biloxi

Tratamicnto GLU (mg L") 5-BAP (mgL") Keys

Tl ) 0 GLUOmg L'/6-BAPOmg L'
T2 U 10 GLUD m&L'/G—BAPWﬂ\SL'
I3 n 20 GLUOmgL"/6-BAP 20 mg L'
T4 150 0 GLU 250 mg L /6-BAP 0 mg L'
T5 3 10 GLU 250 mg L /6-BAP 10 mg L'
16 250 20 GLU 250 mg L'/6-BAP 20 mg L.
7 500 0 GLU SO0 myg L /6-BAF O mg L'
s 500 10 GLU 500 myg L' /6-BAF 10 mg L'
9 300 20 GLU SO0 mg L '/6-BAP 20 mg 1!

(GLU) Glusamic acid, (6-BAP) 6-beraylaminoparine.

Fruit quality

A sample of 50 ripe fruits from each trearment and replicacion was taken and evaluared. Total Soluble
Solids (“Brix) were evaluaced by placinga drop of fruit juice on the lens of an analog refractometer (ATAGO,
MASTER-alfa), The polar and equatorial diameter of the fruit (mm) were measured with a digial caliper
(STEREN model HER-411), Fruit weight (g) was decermined with a balance (T] model MH-500),
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Titratable acidity (% citric acid) was desermined by colorimetry according to AOAC (2000). Fresh
fruic (20 g) were weighed and macerated homogencously, then, the mixture was filcered with a sterile gavze
and 10 mL of the macerate was taken, five drops of phenolphehalein were added and tierated with NaOH
(0.1 N) unsil a pinkish coloration was oburained. Where VNaOH=volume spent of NaOH,
NNaOH =normality of NaOH, meq citric acid= 0.064

Vitamin C (mg 100 g' fresh weight) was determined by the titration method with 2,6
dichlorophenolindophenol (Padayarey ec al, 2001), 20 g of fresh fruit were weighed, macerared in a mortar
with 10 mL of hydrochloric acid (HCI) 2% and 100 mL of discilled water were added. fileered dhrough seerile
gauze then a 10 mL aliquoe was taken and titrated with 2-6 dichlorophenolindophenol uneil a pinkish color
was obtained,

Sarple prepuracion (or biochemical analysis,

Ripe fruits and leaves were collected from cach ereatment, which were freeze-dried (FreeZone2,5-liter
Benchrop Free Dry System, LABCON) and ground with a morar to later carry our the subsequent analyses,
The harvest index was taken based on the color of the completely blue fruit, free of damage and lesions.

Photosynthetic pigments

The photosynthesic pigments such as Cilorophyll 2, ciloroplyll b and eoal didorophyll were
determined according 1o tie medhodology reported by Ammon (1949) wnd Munira er @l (2015), 50 g of
lyophilized cissue were weighed, plas 10 g of magnesium carbonace and 2 L of 90% acetone was added
chien it wis conurifuged (Labnee Prisin reftigerated mictocentrifuge) for 5 min a 12 500 spmae 4°C; dhe
supernatant was taken and read in a spectrophotomerer { Thermo Scientific GENESYS 108 UV Vis) ac 645
and 663 nm, The resules were expressed in milligrams per 100 grams of dry weighe (mg 100 g 'DW).

Non-enzymatic antioxidants

To determine total phenols (Yu & Dahlgren, 2000), 100 mg of lyophilized tissue (leaves and fruies)
were weighed then 1000 gL of water : acetone (1:1, v/v) was added and then it was cenrrifuged ac 12,500
rpm for 10 min, an aliquoc of 50 pL. of supernatant was taken, 200 gL were added of Folin-Ciocalteu, 500
ul. of sodium carbonare (NaxCO+, 20%) and 5 mL of distilled water, subsequently voreexed for 30 seconds
and placed in 4 water bath for 30 min ac 45 °C, the absorbance was read ac 750 nm.

For the extraction of flavonoids (Arvoner-Grand er al., 1994) 20 mg of tissue were weighed and added
2 mL of methanol, they were homogenized and the mixeure was fileered with PYDF (0.45 gm 13 mm
diameter), for the quantification 2 mL of extract were taken, then 2 mL of aluminum crichloride (2% AIC)
were added and left to stand in the dark for 20 min. Subsequently the reading was taken ar 415 nm.

Reduced glueachione (GSH) was derermined according to the technique reported by Xue er al
(2001) through a reaction of 5.5 dithio-bis-2 nitrobenzoic acid (DTNB). Subsequently the reading was
taken ac 412 nm.

Anthocyanins were quanrified by differential pH according o the rechnique described by (Ginsei &
Wrolsead , 2001).
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Enzymaric extract

Previously lyophilized and macerated plant tisue (200 mg) were mixed with 20 myg of
polyvinylpyrrolidone and 1.5 ml of phosphate buffer pH 7-7.2 (0.1 M), sonicated for 5 min, then
centrifuged ar 12,500 rpm for 10 min ar 4°C, The supernatant was collected and fileered chrough 2 0.45 ¢
PVDF membrane, Finally, ic was diluted ro 4 1:20 ratio with phosphate buffer. From chis enzymatic excract,
the enzymatic activity was determined such as catalase (CAT), glutachione peroxidase (GPX),
phenylalanine ammonium lyase (PAL), ascorbate peroxidase (APX) and reduced glutachione (GSH).

Catalase (CAT, EC L11.1L6) was quantified by measuring two reaction times (T0 and T1) by
specrrophotometry (Dhindsa ct al., 1982). For TO, 100 oL of enzyme extract was taken, 400 of H.SO, (5%)
and 1000 pL of H,O: (100 mM) were added and the reading was taken ar a wavelength of 270 nm in a
spectrophotometer ( Thermo Scientific GENESYS 10§ UV-Vis). Ac T1, 100 pL of extract, 1000 gl of H,O,
(100 mM) were taken. the sample was shaken for 1 min and immediately 400 uLL of H.SO, (5%) were added
and the reading was raken again. The calibeation curve was performed with H;O; and the resules were
expressed in units per gram of total protein (U g' PT), where U is equal to the equivalent mM of H;O;
consumed per millilicer per minure.

Glutachione peroxidase (GPX, EC 1.11.1.9) was desermined by the mechodology of Flohé & Giinzler
(1984). To perform the extraction, 200 mL of enzyme extrace, 400 pL. of reduced glutathione standard (0.01
mM) and 200 ul. of Na:HPO, (0.067 M) were homogenized, the mixture was placed in 2 water bath ac 25
“C for 5 min, Subscquently, 200 pL of H:O: (1.3 mM) was added and allowed to react for 10 min,
Subsequently, 1 mL of 1% trichloroaceric acid was added, immediacely the samples were taken to an ice bath
for 30 min. To determine the GPX acrivity, 480 plL. of supernatant were taken, 2.2 ml. of Na:HPO, (0,32
M) and 320 uL of the dye 5.5 dithio-bis-2 nitro benzoic acid (1 mM) were added, and the reading was taken
acawavelengrh of 412 nm in a spectrophorometer. Resules were expressed in units per gram of total protein
(U g' PT), where U is equal to the mM equivalent of GSH per milliliter per minure.

Phenylalanine ammonium lyase (PAL, EC 4.3.1.5) was determined according to the methodology of
Syklowska Baranck et al {2012), 100 L of enzyme exeenct were taken, 900 pL of phenylalanine (6 mM)
were added and placed in a water bath ac 40°C for 30 min, After the time elapsed, 250 ul. of § N hydrochloric
acid (HCI) were added to stop the reaction, the samples were placed into an ice bath and 5 ml. of distilled
water was added. Samples were read at a wavelengeh of 290 nm. A calbration curve was made wich trans
cinnamic acid.

The ascorbate peroxidase (APX, EC 1.11.1.11) enzymatic activity was decermined according to whar
was eseablished by Nakano & Asada (1987). T0, 100 uL of enzyme extrace, 500 gL of ascorbate (10 mg L),
400 gL of H:SO, and 1000 uL of HyO; (100 mM) were added, then absorbance was immediately measared
ata wavelengrh of 266 nm. In T1, an aliquot of 100 pL of enzyme extrace was taken, 500 pL of ascorbaze (10
mg L-1}, 1000 uL. of H.O, (100 mM) were added, the sample was shaken for 1 min and immediately 400 wl.
of H.SO, (5%) were added, The results were expressed in unies per geam of coeal protein (U g 'PT), where
U is equal to umel equivalent of oxidized ascorbare per millilicer per minuee,

Searistical analysis

32



169
170

171
172

173
174
175
176
177

178
179
180
181
182

183

185

187
188
189
190
191
192
193
194

Data were analyzed by ewo-way ANOVA using InfoStat sofeware 2020, The Tukey's simuleancous
test (p < 0.05) was used for means separation.

Results and discussion
Number of buds and fruit qualicy

The resules showed thar the application of GLU pesitively affected bud sprouting and fruit quality (Table
3). The plants ereated wich GLU ar 500 mg L' presented an inceease of 23% in number of buds per stem,
while for TSS, polar diameter, equatorial diameter and fruit weight, they exhibited an increase of 15,12,16,
and 37%. Respectively, in relation to the control plants. There was an 8% decrease in the cieric acid content
in the fruits with the application of GLU 500 mg L.

The application of 6 BAP presented i positive effect on the number of buds, polar dinmeter, equatorial
diwmerer ared fruic weighe, gencrating averuge increases of 15, 19, 32 wd 59%, respectively, whes compared
o the control plaine, however, dhere were nosignificane differences between both concentrationy, The wweal
suluble solids (TSS) increased by 9%, compared o the concrol planes, with &BAP ac 20 myg L', however ic
was noe stacbtically different,

Polar

. Number of Tonl S'ol uble Diameer of : l’.qmmlh.l | Fruit Wrighe Tm,"fh"
Treatments Solids A Diamrer of Fruit Acidicy
bait (“Brix) wodo i) @ | mdeac)
Cinin) % o9

0 1397 ¢ 1L.00 D 770 ¢ 11.20d 0.68 ¢ 0.31 be
0-10 16,67 be 1475 a 11.53a 1753, 1.73a 0.35 be
020 16,58 be 14.752 11.28a 1605 & 1482 0.30 be
25040 16.63 be 16504 960 b 1208 ¢d 1.03 be 0562
150-10 16.62 be 14.50 a 10,45 ab 14.45 be 1.43ab 0.31 be
250-20 16.71 be 15504 10,6 ab 15,65 ab 1.68 ab 0.34 be
S00-0 16.79 be 14504 11.00 ab 14.08 bed 148 ab 0.40 be
500-10 20.42a 15.50 4 11983 17.88 & 2 3 0.25¢
500-20 195 ab 15.50a 1138 a 1748 a 1.85a 044 b
ANOVA 000826 0025 (Lo0a2 00427 0, 10008 00007
V.C. 735 9.0 €52 8409 18.21 16.31

The application of 6-BAP at 10 mg L' caused a 30% decrease in the titracable acidity (T. A.) (Table 3). The
results showed a greater increase in the number of buds per stem with the application of GLU 500 mg L in
synergy with 6-BAP 10 mg L *, followed by the application of GLU 500 mg L '/6-BAP 20 mg L ', presenting
increases of 46% and 40% respectively compared to the contral planes (Table 3), An increase in the number
of flower buds and quantity of lowers induces greater fruic formation, which in turn may be associated to a
higher fruit yield (Avila er al, 2013; Kumarihami er al, 2021). E-Merwally er al, (2022) reported chae the
application of 20 mg L' GLU in peanuts increased the number of branches and fruies per plane, whereas the
application of SmM GLU in sunflower plants under Cr stress improved morphological characreristics, root
length, plant height and number of flowers (Farid er 2, 2020). Regarding the beneficial effeces of 6-BAP Li
et al, (2016) and Zhang et al. (2022) reported that the application of 300 mg L' and 30 mg L' on apple and
mulberry plants increased growth, and the number of shoors and buds.
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The applied teearments did not present statistical differences among them in the TSS cantent, but
when compared with the control, cansed an average increase of 38% compared to the control plants (Table
3). The polar and equatorial diameter of fruits was similar in the treatments GLU O mg L '/6-BAP 10 mg L.
LGLUOmgL '/6-BAP 20 mg L', GLU 500 mg L. /6-BAP10 mg L and GLU 500 mg L "/6-BAP-20 mg
L' (Table 3); these treauments being those that presented fruits with grearer diameter and weighe, The T.
A. increased by 80% with respect to the control; Ariza Flores et al (2015) reported an increase in citric acid
in lime fruits Weighe, size and soluble solids content are paramerers related to fruit quality (Valverde-
Miranda et al, 2021). The percentage of TSS obrained in this research ranged berween 11 and 165 "Brix,
which coincides with the quality standards reported by Madrid and Beaudry (2020); these authors pointed
thar the acidity of the fruit should not exceed 0.7% and the “Brix, must be higher than 10%. The qualicy
protocol for fresh blueberries issued by FAO [2007) classifics the size of the fruit according o the equatorial
diameter expressed in millimeters as: small fruit size (6-8 mm), medium (9-11 mm) and large (212 mm);
according to these standards, our trearments, with the exceprion of the control, were rated as fruirs of large
fruir size. Abdelgadie er al (2010) reporred increases in the number of flowers per plant, number of fruits
per cluster, and the weight and size of facropha curcas fruits with the application of 6-BAP at 3 mM. The
application of 100 mg L' of BAP increased fruit size and yield in Duke and Bluecrop blueberries (Mili¢ e
al, 2018). Similar findings were reported through the application of BAP increased the quality and size of
the fruit (Canli & Pekras, 2015).

Noun eneymaric antioxidanes

Phenols | Flavonoids Wd Vieamin C Anthocyanins (mg
; 5 gurathione 1  fey
Trearments | (mgg (mgg (manal 100 ¢! (mgl0bg cyanidine 3-
W) DW) W) & FW) glucoside/100g ' DW)

0-0 ¥71a 4918 ¢ 085 h 116¢ 21315¢
O-10 35.16a 292: 118 ab 12,48 be 212.53¢
0-20 46.18 2 67742 1352 1247 be 175.76a
2500 46,33 a S60.02 b 1272 1276 Ix 19696 ¢
250-10 4l42a 6L15h 1.19ab 1274 be 36096 a
250-20 38.36a 56.58 be L1vab 1257 be 3M7.10b
500-0 4171 a 64.68 b 1,263 1295 be 265.55¢
SX-10 43642 704 I.5a 14.04 ab 269.74 Ix
S00-20 3738a T0Al 1372 15.1 2 399470
ANOVA (L0148 <0.0001 008 0.0096 <0.0001
CV. 1465 751 1347 462 1265

{DW) Dry Weighe, (FW) Fresh Weight, (V' C.) Variation coefficient. *Different lereers within cofumns
indicste ssgnificant statistical difference (Tukey, p < 0.08),

Plants wreated with GLU 0 mg L '/6-BAP 20 mg L " and GLU 500 mg L '/6-BAP 20 mg L' showed
increases by 38% and 43%, respectively, in phenol content comparted ro the conrol planes (Table 4). The
GLU 500 mg L '/6-BAP 20 mg L' treatment presented a higher vitamin C concentration, exceeding the
obeained by the conerol plants by 30% (Table 4). The anthocyanin content increased 76, 69 and 87 % in the
tecarments GLU 0 mg L'/6-BAP20 mg 1., GLU 250 mg L '/6-BAP10 mg L ' and GLU 500 mg L '/6-BAP
20 mg L" respectively (Table 4), The vicamin C content obtained in blucberry fruits is higher than the
vitamin C content of 9.7 mg 100 g ' FW' reported for blucherry in the USDA nutrient base.
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The application of treatments generated modifications in the content of non-enzymatic antioxidants
in leaves (Table 5). Both doses of GLU increased che content of phenols in che leaf, exceeding the control
by up to 34%, while the content of flavonoids presented an average increase of 7% (Table 5). In the case of
GSH, the concentration increased by 17% with the application of GLU at 250 mg L. The dosc of 6-BAP
10 mg L' increased the content of phenols in the leaf by 14% (Table 5). Regarding GSH content, the
application of both doses of 6 BAP induced a decrease of up to 18%, in reference 1o the control plants, The
interactions GLU 250 mg L.'/6-BAP 10 mg ", GLU 250 mg L '/6-BAP 20 mg L', GLU 500 mg L '/6-
BAP 10 mg L 'and GLU 500 mg L /6-BAP 20 mg L. ' showed higher phenol concentrations with an average
increase of 39% compared co the control (Tabk: 5). There was an increase of up to 16% in flavonoid content
with the application of GLU 250 mg L '/6-BAP 10 mg L' and GLU 500 mg L'/6-BAP 20 mg L', The
GLU 250 mg L '/6-BAP 10 mg L' treatment increased 7% in GSH content compared to the control, while
the GLU 500 mg L '/6-BAP 10mg L ' and GLU 500 mg L. '/6-BAP 20 mg L. ' treatments showed an average
decrease of 29% (Table 5). The interest in producing and marketing blueberries is relared o cheir high
content of bioactive compounds (phenols, lavonoids, anthocyaning, etc.), which are beneficial to human
health (Gonzilez- Villsgra e al, 2020). The benehicial effect of these compounds is mainly based on their
antioxidant properties and free radical scavenging capaciry in the human body (Alam er al, 2021),

El-Merwally et al, (2022) reported that dhie application of GLU increased die content of favonwids
and phenols in peanue fruits and leaves. The exogenous application of GLU in different concentrations
promuoted dhe accumulation of anchocyanins in liedhi fruio, und inapple, pear and peach leaves (LingDu ce
al,2012; L Wany et al, 2006; Li et il 2022:(Wei-bing 2012) Han ecal, 2012}, Tt wins reporeed an increine
in the content of totd phenols in onion bullbs and an increase in dhe contene of Bavonoids in tie leaf and
wor ol Crazaegus pimmacifida by spplying GLU (Amin e al, 2011 Cui er al, 2015), Increases in favonoil
content in mulberry leaves and total phenols in cucumber fruies have been reported by application of 6 BAP
(Chen & Yang, 2013; Zhang er al, 2022),

Trearments Phenols H id Reduced glutachione
(mge'DW) | (mgg'DW) | (mmol 100 ¢ DW)

0-) 35.02cd 38.11 be 392 ab

D-10 42,69 ahe 3732 191 ¢

0-20 3L36d 39.52 be 3.73 be

250-0 40.29 be 39.66 be 362 be

250-10 48054 43984 421

250-20 48.56a 41.09 ab 333

30040 474 abe 40.26 be 36

S00-10 48.82a 37.94 be 299d

500-20 49.6 4 44.025 4 2924

ANOVA 00009 <0onni <0000

V. R4R 457 662

(DW) Dry Weighs, (V. C.) Variation coefficient, *Different Jeveers within columns

indivare signifiounn statistical difference (Tukey, p < 0.05).

Photosynthetic pigments

I Trcatascnes ] Chlocoplyll & I Cldorophidl b l Totd Cllucopliyl ]
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249

250
251

ShERY

257

259

(my 100 ' FW) (myg 100 ¢ ' FW) (my L0 g ' FW)

-9 71.624d 53.72 be 12533
D-10 69.7d 5174 be 121444
0-20 71.64d 50.76 by 122.4d
2500 76.52 bx 59.2 ab 135.72 he
25010 76.83 be 59.98 ab 136810
250-20 7253 cd 49,35 ¢ 121.88d
500-0 TTA5h 5485 b 1323 bed
500-10 86,034 51.65 In 13768 b
500-20 88,37 a 65.89a 154.26 2
ANOVA <0.0001 <0.0001 <0001
C.V. 289 8.24 408

(FW) Fresh Weighs (V. C.) Vanation soefficient. *Different lereers within <ol i sgnifi

stacistical difference (Tukey, p < 0.03).

Clilorophyll (2, b and owal) showed significanc effecrs amony the evaluaced creaanenes (Table 6),
The content of cdorophiyll a, b and weal increased by 18%, 10% and 15%, respectively, due o GLU
applications (Table 6). The application of both concentrations of 6-BAP increased the concentrution of
chdorophiylla by 3%, while chiloropliyll b and toual clilorophyll did nor show significant effeces with respect
w the control plans (Table 6). The GLU 500 g L'/6-BAP 20 mig L' lteraction showed increases in
dilorophylla, b and weal diloropliyll (Table 6). Several authors lave puinted the positive effect of GLU on
photosynthetic efficiency and didorophyll concentration. Our resules parially agree with those repored by
El-Meowully ecal (2022) ws dhie applicucion of 20wy L' GLU inceeased die content of chlorophivll s, b, col
and ¢ I courrise, Franzoni ce ad, (2022) and Wang er al (2022), reporeed thiac the
application of GLU and & BAP had no pesitive effect on chlorophyll content and yield,

sidy in P

Enzymatic antioxidants
Catalase Phenylalanine Glutathione Ascorbare
Treatments (U g 100g' TP) ammonia lyase peroxidase peroxidase
& (Ugloog' TP) | (Ugloog' TP) | (Ug1o0g' TP)

0 398hb 0357 1 398 b 6.76 ab
150 3.34b 0.49 b 371hb 6924
300 5.06 2 0612 S.da 593 b
ANOVA 00009 00025 0.0001 0.0356

] 4093 05b 376h 6.53a

10 4383 0,55 ab 451a 647

20 192a 0631 4522 6,624
ANOVA 0.54%5 0.0012 0.0192 0.9229
e 4.33ab 0,52 be 364 be T09a
D-10 492 ab 0,53 be 362 I 6354
020 269k 067 ah 469 ah HR4a
2500 314ah 05 he 277 ¢ (02a
250-10 2.89h 047 ¢ 443 abe 7.12a
250-20 399ab 0,51 be 393 ab 7.62a
300-0 480 ab 047 ¢ 4.88 ab 647 a
500-10 5.32a 0.66 aly 554 5.93a
500-20 S.07 ab 0.7a 4.94 ab S4a
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BEER

ANOVA 00318 Q0272 U058 07 2%

C.V, 27.81 16,04 18,76 174

(V. C.) Varuoon coefficient. *“Dhferent lecrers within columns indscare significant statistical

difference (Tukey, p < 0.05),

GLU application modified che activity of CAT and GPX enzymes in blucberry fruic (Table 7). The
concentration of GLU 500 mg L ' increased the activity of CA'T and GPX by 27% and 28% in relation to
the control (Table 7). The application of GLU 250 mg L' caused a 20% decrease in PAL compared to the
control, and there was also a 14% decrease in APX enzymaric activity when GLU 500 mg L' was applied
compared to GLU 250 mg L, which showed higher activiey (Table 7). The application of 6-BAP did not
modify the enzymatic activity of CAT and APX, while at 20 mg L ' it increased the activity of PAL and GPX
by 26 and 20%, respectively The GLU 500 mg L'/6-BAP10 mg L7 interaction induced higher CAT
activity, however, it was not staristically different from the conerol (Table 7). The GLU 250 mg L'/6-
BAP10 mg LT and GLU 500 mg L'/6-BAP O mg L. treatments showed a decrease of 33 % compared to the
GLU 500 mg L'/6-BAP 20 mg L' trearment, which showed higher PAL activity. GPX enzyme activity was
higher in the GLU 500 mg L '/6-BAP 10 mg L' erearmene (Table 7). The application of the trearments did
not influence the enzymatic activity of APX.

The enzymatic activity in blucherry leaves was affecred by the erearments applied (Table 8). GLU had
a positive effect on CAT and APX, generating increases of 68% and 36% when GLU was applied at 500 mg
L', while the application of 6-BAP at 20 mg L' showed increases of 33% and 29%, respectively (Table 8),
GLU at 250 mg L' gencrated higher PAL and GPX acivity, however, they were noe seatstically different
from that of the control plants. There was a decrease in the GPX enzymutic activiey when applying 6-BAP
at 10 mgL ' based on the control treatment (Table 8). PAL activity was not affeceed by the application of 6-
BAP (Table 8}, CAT and APX acrivity showed positive effects through the GLU 500 mg L '/6-BAP 20 my
L interaction, increasing by 86% and 74%, respectively. GLU O mg L '/6-BAP20 mg L. ' sreatment increased
GPX activity by 22%, however, the opposite effect occurred with GLU 0 mg L'/6-BAP 10 mg L " since it
decreased by 30% (Table 8). Regarding PAL, the GLU 0 mg L'/6-BAP 10 mg L' trearment showed a
decrease of 68% with respect to the GLU 250 mg L '/6-BAP 10 mg L' ercatment, which showed greater

acriviry.

During the process of establishment, development and growth, planes face adverse conditions causing
stress and increased production of reactive oxygen species (ROS) (Zhang et al, 2022). The ROS are
presented even when it is considered that the planes arc in optimal conditions (Fardus eral, 2021a). ROS,
including hydrogen peroxide (H:O:), hydroxyl radical (OH-), superoxide anion (O:) and singlet oxygen
(0 2), are a by-produce of merabalic processes (Qamer er al, 2021), Excessive ROS production leads to lipid
peroxidation, membrane injury, enzyme inactivation, inhibition of photosynthesis, respiration, plant
growth, and secondary metabolite production (Chen er al, 2016). Plants have developed defense
mechanisms, capable of eliminating ROS and preventing oxidative damage, which include ancioxidant
enzymes such as superoxide dismutase (SOD), peroxidase (POD), CAT, APX and glutathione reducrase
(GR), and non-enzymatic antioxidants such as ascorbate (AsA) and GSH (O'Brien et al., 2012),

Various authors have reported a decrease in reactive oxygen species and lipid peroxidation, presenting
increases in enzymaric activity through applications of GLU and 6-BAP (Fardus er al. 2021b). The resules
of Chen er al, (2016) and Yang et al. (2018) showed chat 6-BAP increased the enzymatic activity of CAT
and APX. Orther studics reported that GLU application favored higher APX and CAT activity in leaves and
oot of sunflower plants (Farid e al, 2020) and higher CAT aceivity in soybean plants (Teixeira eral, 2017,
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Although PAL is not an antioxidant, it is a key enzyme in the phenylpropanoid pathway, it catalyzes
the conversion of L-phenylalanine into trans-cinnamic acid. which is the precursor of a variety of phenolic
compounds with structural and defense functions, such as lignin, favonoids and coumarins (Astanch ec al,
2018), The resulrs partially agree with those by Cui ecal (2015), Liu er al (2019), Teixeira ezal (2017),and
Zhang ce al (2022) who reported increases in PAL activity by GLU and 6-BAP applications. Increases in
PAL activity can be induced by the application of exogenous agents, including some hormones (Chen ec al,
2006).

The cffectiveness of GLU and 6-BAP treatments depends largely on the species, concentration,
timing and method of application; doses reported by various rescarchers have presented null or roxic cffects
when applied in other species (Chen er al, 2016; Franzoni er al,, 2022).

5 Phenylalanine Glutathione
Treatments (v mﬂ“ ammonia lyase peroxidase A“(:Bd“lt&': l"olx::l)uc
" (ugroog'TP) | (Ugl00g'TP) &

0 14703 b 46.93 2 460,51 2 20,33 b
50 18042 b 51705 512972 19.59b
500 247A42a 46934 437.05 4 27692
ANOVA 0.0001 2278 00729 <0.0001
0 17477 h 5211a 492114 2003 b
10 168.17 b 50.10 & 407.29b 21.96b
20 23193 a S$3.14a S11.14a 25.6a
ANOVYA 0.0062 L8588 00071 <0,000]1
D) 157.82 be 6743 ab S09.05 ab 1899 b
D-10 90,96 ¢ 23.15¢ 25382¢ 19.86 b

-20) 19231 abe 50.20 be 618,65 22.15h
25040 153.17 be 41.22be 548.34 ab 1898 b
250-10 178.13 abc 73304 540.18 be 18.26 b
250-20 209.96 ab 40.57 be 4504 ab 21.53h
500-0 21332ab 47.69 be 41893 he 2.11b
500-10 235.42ab 53.86 be 427 86 be 27.82a
500-20 293524 63,64 ab 464,36 ab 33.13a
ANOVA 0.3328 <0.0001 <0001 10,0067
CGNG 29.26 29.52 19.07 11.83

(V. C.) Varartian coefficienc. * Different lerters within col indicate significant staristical
difference (Tukey, p £ 0.03)
Conclusions

The synergistic application of GLU and 6-BAP presented beneficial eflects on the blucherry, resulting
in substantial increases in photosynthetic pigments, ancioxidane defense mechanismy, and number of flower
buds, which could resulr in an increase in vield. The application of both bio-stimulants could be considered
a promising practice to improve the production in quantity and quality of blucberry fruics,
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CONCLUSIONES GENERALES.
Este estudio se demostré el impacto de la aplicacion de 4cido glutdmico y 6-
benzilaminopurina, individualmente y en combinacidon, en la produccion de yemas
florales, calidad postcosecha y compuestos antioxidantes enzimaticos y no enzimaticos.
Los efectos benéficos del acido glutamico y 6-benzilaminopurina en las plantas de
arandano dependen de la concentracion utilizada.
La aplicacion combinada de estos elicitores mejoro significativamente la produccion de
yemas floreales.
Estos hallazgos podrian ayudar incrementando la produccion de arandano con propiedades

funcionales mejoradas para aplicaciones agricolas y nutracéuticas.
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