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Abstract

Humanity seeks to increase the productivity and quality of crops that provide basic or economic
benefits. The work aimed to evaluate the development of Agave angustifolia vitroplants fertigated
with different nutrient aliquots and inoculated with Azospirillum brasilense from 2023 to 2024. In
an experiment with a 3 x 2 x 3 factorial experimental design, the factors were: 1) initial plant size
(small, medium, and large); 2) inoculation with the bacterium A. brasilense and without inoculation;
and 3) concentrations of the Steiner nutrient solution (SN) (0, 75 and 100%). After 20 months,
morphological characteristics and the amount of nutrients in the leaves were evaluated. Plants with
a larger initial size maintained differences in growth compared to medium and small plants. The
plants fertigated with 100% SN had a height of 51 cm (18.6%), a rosette diameter of 85.8 cm (25.8%)
and a stem diameter of 9.6 cm (65.5%). Their largest leaf was 66 cm (13.7%), and their leaves
contained 6 987 ppm N (9.6%), 1 775 ppm P (11%), and 3 093 ppm K (-25.8%) compared to plants
irrigated only with water. The plants inoculated with the bacterium had more leaves, a larger rosette
diameter, greater leaf length, greater root volume and greater stem and root dry weight than non-
inoculated plants. The micropropagated A. angustifolia plants that were fertigated in a nursery and
in parallel, inoculated with A. brasilense reached adequate sizes for transplantation in the field.
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Introduction

In the state of Oaxaca, 17 700 ha are cultivated with agaves (SIAP, 2019; Olvera Vargas et al.,
2022). A. angustifolia is of great economic importance, as it occupies 80% of the plantation area and
in 2023, 86.31% of the raw material for mezcal production came from this species (Enriquez-del
Valle et al., 2023). Plantations of this species have increased over the recent decade, demanding
quality plants that ensure their survival and productivity in the field (Jarquin-Rosales et al., 2022).

Each plant species and genotype require an optimal nutritional supply for its normal growth and
development, thereby ensuring production that guarantees the growing demand for raw material for
the industry (Garcia and Oberschelp, 2015); one option is to apply inorganic fertilizers (Sanchez-
Mendoza et al., 2022). Zufiga-Estrada et al. (2018) showed that Agave tequilana plants that
received fertigation were superior to unfertilized plants in terms of height, number of leaves, and
dry matter production.

Likewise, A. angustifolia plants that received 100% fertilization via irrigation in a nursery for three
months reached a larger size and developed more leaves and leaf area than plants with a lower
nutritional supply (Enriquez-del Valle et al., 2023; Luna-Luna et al., 2017). On the other hand,
Dominguez-Duarte et al. (2019) point out that plant growth-promoting (PGP) microorganisms are a
set of different species that help plants to show more development and productivity. Among these
are the genera Rhizobium, Pseudomonas and Azospirillum (Bashan and Holguin, 1998).

Their mechanisms of action are phosphate solubilization, nitrogen fixation or hormone generation
(Glick, 2014); they have a direct impact on plant metabolism by increasing the absorption of water
and minerals, optimizing root development (Lavenus et al., 2013); they increase the activity of
enzymes in the plant or facilitate other beneficial microorganisms to exert a better effect on plants
(Shu et al., 2016). There is evidence of the advantages offered by plant growth-promoting bacteria
(PGPB). In this regard, Okon and Vanderleyden (1997) inoculated corn plants with the bacterium
Azospirillum, which resulted in larger tassels and higher productivity than in non-inoculated plants.

Likewise, Jarquin-Rosales et al. (2023) reported that A. angustifolia plants obtained from seed
germination, fertigated with SN-100% and inoculated with A. brasilense had greater height, greater
number and sizes of leaves, a larger stem diameter and greater dry weights of the aerial part, root
and leaf area compared to non-inoculated plants. The study aimed to determine the morphological
characteristics and leaf nutrient concentration of A. angustifolia vitroplants in the nursery stage
that were fertigated with different concentrations of Steiner nutrient solution and inoculated with
Azospirillum brasilense.

Materials and methods

The research was conducted at the nursery of the Technological Institute of the Valley of Oaxaca,
in Santa Cruz Xoxocotlan, Oaxaca, Mexico, from 2023 to 2024. Micropropagated and acclimatized
A. angustifolia plants, which had been in the nursery for six months, were used. The plants were
separated into three size categories depending on the length of the largest leaf: 1) small (<12 cm),
2) medium (12 to 16 c¢m), and 3) large (>16 cm). They were established individually in 10 dm®
polyethylene pots containing a 1:2:1 v/v mixture of peat moss, sand, and forest soil, with a pH of
7.64, and an electrical conductivity of 1.11 dS m™.

To apply different irrigation methods, plants in each size category were separated into three groups
to receive: 1) water; 2) fertigation with the Steiner (1984) nutrient solution (SN) diluted to 50%; and
3) fertigation with 100% SN. The amount of nutrients in mg L™ of the 100% SN was: 102.6 N, 30.6
P, 220.1K, 182.3 Ca, 49 Mg and 110.9 S. Each plant was fertigated with 200 ml of SN once a week.
Subsequently, plants in each size category and irrigation type were separated into two subgroups,
and the first subgroup was inoculated with Azospirillum brasilense, applying 1 000 000 colony-
forming units (CFU) per plant each month; by contrast, the second subgroup was not inoculated.

The bacteria were obtained from the biological fertilizer AzoFer Plus®. The experiment was
organized according to a completely randomized design with a 3 x 3 x 2 factorial arrangement. At
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20 months after the experiment, the following traits were evaluated in six plants of each treatment:
number of leaves unfolded (NH), stem height (SH, cm), root length (RL, cm), length and width of
the largest leaf (LH, AH, cm), rosette diameter (RD, cm) and stem diameter (SD, mm).

A Steren® digital vernier was used for measurements. Subsequently, the leaves, stem
(pifla) and roots were separated; root volume (RV, ml) and stem volume (PV, ml) were
determined by immersion in a known volume of water in a 2 000 ml graduated cylinder, and the
volume of water displaced was recorded. Leaf fresh weight (LFW g), stem fresh weight (PFW,
g) and root fresh weight (RFW, g) were determined using a Torrey Pcr-20® digital scale;
subsequently, the vegetative parts of the plant (leaves, stem and root) were individually placed
in paper bags and dehydrated over four days in a Memmert drying oven, model 100-800, at a
temperature of 75 °C until a constant weight was obtained, and the dry weights of leaves, stem
and root (LDW, SDW and RDW, g) were recorded.

To determine the nutrient content, five dried leaves were taken from the center of the rosette and
pulverized in a Surtek® manual mill; the analysis was carried out in the Plant Nutrition Laboratory
of the Postgraduate Program in Edaphology of the College of Postgraduates, Montecillo Campus,
State of Mexico. N was determined following the method of Alcantar and Sandoval (1999) using
the Kjeldahl procedure. The concentrations of P, K, Ca, Mg, Fe, Cu, B and Na were determined
using ICP-OES spectrometry equipment.

The homogeneity of variances and the normality of the data were verified using the Shapiro-Wilk
and Bartlett tests (a= 0.05), respectively. Data that did not meet these assumptions were
transformed to e* for analysis of variance. For the test of means (Tukey, 0.05), the untransformed
data were used. The statistical analyses were performed using SAS (SAS Institute, 2011).

Results and discussion

Analyses of variance (Table 1) indicate that the morphological characteristics and nutrient contents
in leaf tissues of A. angustifolia plants were influenced by the initial plant size, the amount of nutrient
supply in fertigation, and the inoculation with A. brasilense they received for 20 months.

Table 1. Analysis of variance of morphological characteristics of Agave angustifolia vitroplants that were fertigated
for 20 months in a nursery with different concentrations of nutrients and inoculated with Azospirillum brasilense.

5\ DF SD NS HEI NL RL ADW RDW LA
TDZ 2 2.7% 5.1%* 4.99%* 7.21% 18.56** 1.03* 1.883* 0.06ns
BAP 2 0.2ns 0.2ns 0.01ns 0.13ns 0.06* 0.02ns 0.014ns 0.01ns
pH 2 0.4* 0.1ns 0.01ns 0.07ns 0.01ns 0.05ns 0.004ns 0.06ns
TDZxBAP 4 0.1ns 0.1ns 0.03* 0.39* 0.04* 0.08ns 0.013ns 0.14ns
TDZxpH 4 0.2ns 0.1ns 0.04* 0.32* 0.01ns 0.04ns 0.004ns 0.14ns
BAPxpH 4 0.1ns 0.2* 0.03* 0.08ns 0.01ns 0.15ns 0.025ns 0.19ns
TDZxBAPxpH 8 0.1ns 0.1ns 0.01ns 0.13ns 0.01ns 0.03ns 0.025* 0.04*

Error 297 0.1 0.1 0.01 0.08 0.01

SV=sources of variation; DF= degrees of freedom; NL= number of leaves; PH= plant height; RD= rosette diameter; LL=
leaf length; SD= stem diameter; RL= root length; ADW= aerial dry weight (leaves + stem); RDW= root dry weight; LA=
leaf area; *= significant F-values (p< 0.05); **= highly significant F-values (p< 0.01); ns= non-significant F-values (p>
0.05); = transformed variables.

For the plant size factor, the evidence shows that plants that were initially large had the highest
values for the size of the aerial part (stem and leaves) and roots, surpassing the plants of medium
and small initial sizes by 5 and 15%, respectively (Table 2). Plants with a small initial size continued
to be the smallest. For the fertilization factor, the plants that received the lowest nutrient supply
were the smallest across all the variables evaluated, and the plants reached larger sizes as they
received greater nutrient supply.
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Table 2. Morphological characteristics of plants as a function of levels of main factors.
Variable Plant size Fertilization Inoculation
Small Medium Large 0 50 100 Without With
NL 46 c 48.1b 49.8 a 43.6¢C 485b 518a 46.9b 49.1a
PH (cm) 8.4c 9b 9.8a 79c 89b 105a 9b 9.2a
RD (mm) 76.9b 76.9b 80.2 a 68.2¢c 76.3b 85.8a 75.7b 778 a
LL (cm) 6l.2¢c 63.7b 66.2 a 58.3¢c 63.2b 66.7 a 63.2b 64.2 a
SD (cm) 7c 76b 8.3a 5.8¢c 75b 96a 75b 7.7a
RL (cm) 3l4c 35.2b 384 a 295¢c 34b 415a 32.8b 37.2a
RV (cm?®) 232¢c 265.4b 305.4 a 182.7c 249.3b 370.8 a 2515b 283.8a
PV (cm®) 131c 143.6 b 154.2 a 101l.4 ¢ 142.4b 185 a 133.8b 152.1a
PDW (g) 41c 48b 54 a 35¢ 47b 6la 46b 49 a
RDW (g) 90c 110 b 120 a 80c 110 b 140 a 100 b 120 a
LDW (g) 440 a 490 a 520 a 430 b 470 b 550 a 480 a 490 a
NL= number of leaves; PH= plant height; RD= rosette diameter; LL= leaf length; SD= stem diameter; RL= root length;
RV= root volume; PV= pineapple volume; PDW= pineapple dry weight; RDW= root dry weight; LDW= |leaf dry weight.
Values with the same letter within each column and by factor are not significantly different (Tukey, a= 0.05).

The plants that received nutrient solution at 100% concentration of nutrients, and the plants irrigated
only with water had 51 and 43 leaves, a rosette diameter of 85.8 and 68.2 cm, a leaf length of
66 and 58 cm, a stem diameter of 9.6 and 5.8 cm, and dry weights of stem (pineapple), root and
leaves of 61 and 35 g, 140 and 80 g, 550 and 430 g, respectively, magnitudes that were significantly
different (Tukey, 0.05) in each case. The plants inoculated with Azospirillum brasilense reached a
larger size and greater dry weights than non-inoculated plants in most of the evaluated stem, leaf
and root variables (Table 2).

The supply of nutrients in quantity and during critical periods is an important factor, among
others: water supply, temperature range, lighting (intensity and photoperiod), which influence the
magnitude of plant growth (Mufioz-Flores et al., 2015), that of having less than optimal supply
limits growth and productivity. Pérez-Santiago et al. (2014) in Agave americana, described that
there is a positive relationship between the magnitude of vegetative growth and nutrient supply to
plants during the nursery stage and this relationship determines the quality, vigor in growth and
morphology of plants.

In the present work, fertigated plants developed more leaves and were, on average, larger than
those developed by non-fertigated plants. This could be reflected in differences in photosynthetic
capacity (Jarquin-Rosales et al., 2023). Cruz-Garcia et al., (2019) demonstrated the positive effect
of nutrient supply on Agave americana var. Oaxacensis plants fertigated with 100% nutrient solution
in a nursery, which exhibited greater vegetative growth compared to non-fertigated plants.

Data reported by Rios-Ramirez et al. (2021) show the positive effect of nutrient supply, since A.
angustifolia plants that during seven months in a nursery were fertigated with nutrient solution and
plants irrigated only with water had 453 and 282 g of leaf dry matter, 103 and 75 g of root dry
matter and 14 957 and 7 225 ppm N and 6 719 and 3 017 ppm P in their leaves. The results
obtained from this evaluation are consistent with those reported by Enriquez-del Valle et al. (2018),
that highlight that, in various crop species, plants that receive adequate nutritional supply, mainly
nitrogen, increase their photosynthetic activity and the magnitude of biomass accumulation.

Likewise, Yescas-Arreola et al. (2016) reported that A. americana var. Oaxacensis plants that in
nursery were fertigated with SN-100% solution, developed a greater quantity and size of leaves, in
comparison with plants irrigated only with water. The leaves of the plants in the various treatments
reached sizes, measured in length and width of the largest leaf, appropriate for the subsequent
stage which is establishment in the field. In addition, plants that received a higher nutritional supply
had better morphological characteristics.
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Nutritional contents in leaves

The analyses of variance (Table 3), indicates that, the nutritional content of the leaf tissues of A.
angustifolia plants showed differences attributable to the treatments. As the nutrient supply was
increased by fertigation, the plants had a higher concentration of N, P, K, as well as Ca, Cu, B and
Na in their leaf tissues, since the plants fertigated with 100% SN and the plants irrigated only with
water had 6 987 and 6 291 ppm N, 1 775 and 1 599 ppm P, 3093 and 4 170 ppm K and 3 075 and
2 257 ppm Ca in their leaves, amounts that were significantly (Tukey, 0.05) different (Table 4).

Table 3. Analysis of variance of nutrient contents in leaf tissues of Agave angustifolia plants that were fertigated for
20 months in a nursery with different nutrient concentrations and inoculated with Azospirillum brasilense.

SV Siz Fer Inoc SxF Sx| FxI SxFx| Error
N7 0.014** 0.004** 0.001ns ** ** ** ** 0.0003
p* 2.8ns 45.1* 15.7ns *x *x *x *x 5.94

K 54101.1ns 7572836.3**  708819.7ns *x *x * *x 184658.8
Ca 21239313ns 1263723687** 91220425ns ** ns ns ** 14824338
Mg 835084.6**  2841411.7**  508857.2** *x *x *x *x 140817.9
Fe” 133.83** 336.89** 310.25** ** ** ** ** 2.32
cu’ 0.34* 1.03** 0.34ns ** ** ns ** 0.1
B” 3.48** 9.41** 2.51% ** ** ** ** 0.08
Na* 37.42% 117.07* 10.66ns *x ns * *x 4.81

SV=sources of variation; Siz= size; Fer= fertilization; Inoc= inoculation; SxF= size x fertilization interaction; SxI= size x

inoculation interaction; FxI= fertilization x inoculation interaction; SxFxI= size x fertilization x inoculation interaction;

T= total; DF= degrees of freedom; N= nitrogen; P= phosphorus; K= potassium; Ca= calcium; Mg= magnesium; Fe= iron;

Cu= copper; B= boron; Na= sodium; ni= transformed variables; ns= non-significant F-values (p> 0.05); *= significant F-
values (p< 0.05) and, **= highly significant F-values (p< 0.01).

Table 4. Nutrient contents (ppm) in leaves of Agave angustifolia Haw plants as a function of levels of main factors.

Var Plant size Fertilization Inoculation
Small Medium Large 0 50 100 Without With
N 6162.5b 6270.8b 7320.8a 6291.7b 6475b 6987.5a 6486.1a 6683.3a
1591a 1635a 1665a 1517b 1599b 1775a 1595a 1665a
3668a 3748 a 3752a 3093b 3905a 4170 a 3623a 3822a
Ca 2919a 3002 a 3107 a 2257c 3067b 3705a 2897b 3122a
Mg 3874b 4192 a 4202 a 3707b 4187 a 4374 a 4005 a 4173 a
Fe 734 b 730 b 1036 a 965 a 993 a 544 b 701 b 966 a
Cu 129b 12.65b 1449 a 11.45b 14.18 a 1443 a 12.75b 1394 a
B 14.83¢c 16.71b 21.3la 13.37¢c 15.02 b 24.46 a 1592 b 19.31a
Na 280.6 b 287.7b 352.3a 2325¢c 306.3 b 381.9a 292 a 321a

Var= variable; N= nitrogen; P= phosphorus; K= potassium; Ca= calcium; Mg= magnesium; Fe= iron; Cu= copper; B= boron; Na=
sodium. Values with the same letter within each column and by factor are not significantly different (Tukey, a= 0.05).

For the plant size factor, the highest concentrations of nitrogen, iron, copper and boron were
recorded in plants of large initial size, which differs from plants of smaller sizes. The nutritional
concentrations of P, K and Ca were statistically similar in the three plant sizes. In this regard, Cruz-
Garcia et al. (2019) indicate that, a higher N content present in the leaves, agave plants develop
larger and heavier stems (pineapple).

The inoculated plants did not show differences (p # 0.05) in nutrient concentrations for nitrogen,
phosphorus, potassium and sodium; however, they did have significantly more Ca, Fe, Cu and
B (Tukey, 0.05) than the non-inoculated plants (Table 4). Jarquin-Rosales et al. (2023) reported
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that A. angustifolia plants obtained from inflorescence bulbils and established for eight weeks in a
nursery and they reported that some plants inoculated with the bacterium Azospirillum brasilense
had significantly higher values in size, number of leaves, stem diameter, rosette diameter, leaf
length, root volume, pineapple volume and fresh root weight than non-inoculated plants.

Conclusions

Micropropagated Agave angustifolia plants, classified into three initial size categories, that were
established for 20 months in a nursery and received nutritional supply through fertigation at 100%
concentration and inoculation of Azospirillum brasilense reached higher values in height, stem
diameter, number of leaves, leaf length and dry weights of stem, root and leaves and accumulated
higher concentrations of N, P, K, Ca, Mg, Cu and B in their leaf tissues than non-fertigated or
non-inoculated plants. The plants that had a larger initial size continued to be larger than those
with medium and small initial sizes. All plants in all the treatments were the appropriate size for
establishment in the field.

Acknowledgements

To the National Council of Humanities, Sciences and Technologies (CONAHCYT, by its Spanish
acronym), now the Secretariat of Science, Humanities, Technology and Innovation (SECIHTI, by
its Spanish acronym), for the doctoral scholarship in Sciences awarded to Maura Elisama Miguel
Luna and to the Technological Institute of the Valley of Oaxaca (ITVO, by its Spanish acronym).

Bibliography

1 Alcantar, G. G.y Sandoval, V. M. 1999. Manual de analisis quimico de tejido vegetal. Sociedad
Mexicana de la Ciencia del Suelo, AC. Chapingo, México. Publicacién especial 10. 156 p.

2 Bashan, Y. and Holguin, G. 1998. A proposal for the division of “plant growth-promoting
rhizobacteria” into two classifications: biocontrol-plant growth-promoting bacteria and plant
growth-promoting bacteria. Soil Biology and Biochemistry. 30(9):1225-1228.

3 Cruz-Garcia, H.; Campos-Angeles, G. V.; Enriquez-Valle, J. R.; Rodriguez-Ortiz, G. y
Velasco-Velasco, V. A. 2019. Desarrollo de plantas micropropagadas de Agave americana
var. Oaxacensis durante su aclimatizacion en invernadero. Revista Mexicana de Ciencias
Agricolas. 10(7):1491-1503. https://doi.org/10.29312/remexca.v10i7.1625.

4 Dominguez-Duarte, C. F.; Cecato, U.; Trento-Biserra, T.; Mamédio D. y Galbeiro, S. 2019.
Azospirillum spp. en gramineas y forrajeras. Revista Mexicana de Ciencias Pecuarias.
11(1):223-240. https://doi.org/10.22319/rmcp.v11i1.4951.

5 Enriquez-Valle, J. R.; Rodriguez-Ortiz, G.; Ruiz-Luna, J.; Pacheco-Ramirez, A. J. y Vazquez-
Vazquez L. 2018. Crecimiento y condicién nutrimental en plantas micropropagadas de A.
angustifolia abonadas vy fertirrigadas en vivero. Revista Mexicana de Agroecosistemas.
5(2):106-115.

6 Enriquez-Valle, J. R.; Chavez-Cruz, |. L.; Rodriguez-Ortiz, G. y Campos-Angeles, G. V.
2023. Vitroplantas de Agave angustifolia Haw. obtenidas en ambientes de incubacion

contrastantes, aclimatadas en diferentes sustratos. Revista Fitotecnia Mexicana.
46(3):291-298. Doi: https://doi.org/10.35196/rfm.2023.3.291.

7 Garcia, M. A. y Oberschelp, G. P. J. 2015. Fertilizacion de Eucalyptus grandis en vivero:
calidad de las plantas y comportamiento a campo. XXIX Jornadas forestales de entre rios.
5 p. http://hdl.handle.net/20.500.12123/17698.

8 Glick, B. R. 2014. Bacteria with ACC deaminase can promote plant growth and help to feed the
world. Microbiology Research. 169:30-39. https://doi.org/10.1016/j.micres.2013.09.009.

elocation-id: e4325 6

—_


https://doi.org/10.29312/remexca.v17i3.4325
https://doi.org/10.29312/remexca.v10i7.1625
https://doi.org/10.22319/rmcp.v11i1.4951
https://doi.org/10.35196/rfm.2023.3.291
http://hdl.handle.net/20.500.12123/17698
https://doi.org/10.1016/j.micres.2013.09.009

s

DOI: https://doi.org/10.29312/remexca.v17i3.4325

9 Jarquin-Rosales, D.; Enriquez-Valle, J. R.; Alpuche-Osorno, J. J.; Rodriguez-Ortiz, G.; Martin,
M. P. and Campos-Angeles, G. V. 2022. The effects of fertirrigation and Azospirillum
brasilense inoculation on photosynthetic compounds of Agave angustifolia. Australian
Journal of Crop Science. 16(01):162-168. Doi: 10.21475/ajcs.22.16.01.p3280.

10 Jarquin-Rosales, D.; Enriquez-Valle, J. R.; Alpuche-Osorno, J. J.; Rodriguez-Ortiz, G.;
Campos-Angeles, G. V. and Morales, |. 2023. Agave angustifolia bulbil growth in differents
substrates, with doses of fertirrigation and inoculation with Azospirillum brasilense. Ciencia
Rural. 53(3):€20210863. http://doi.org/10.1590/0103-8478cr20210863.

11 Lavenus, J.; Goh, T.; Roberts, I.; Guyomarc'h, S.; Lucas, M.; Smet, |. and Fukaki, H. 2013.
Lateral root development in arabidopsis: fifty shades of auxin. Trends Plant Science.
18(8):450-458. https://doi.org/10.1016/j.tplants.2013.04.006.

12 Luna-Luna, J. S.; Enriquez-Valle, J. R.; Rodriguez-Ortiz, G.; Carrillo-Rodriguez, J. C.
y Velasco-Velasco, V. A. 2017. Anatomia y morfologia de plantas micropropagadas-
aclimatadas de Agave potatorum zucc. fertirrigadas en vivero. Revista Fitotecnia Mexicana.
40(4):491-494. https://doi.org/10.35196/rfm.2017.4.491-494.

13 Mufoz-Flores, H. J.; Saenz-Reyes, J. T.; Coria-Avalos, V. M.; Garcia-Magafa, J. J.;
Herndndez-Ramos, J. y Manzanilla-Quijada, G. E. 2015. Calidad de planta en el
vivero forestal La Dieta, Municipio Zitdcuaro, Michoacan. Revista Mexicana de Ciencias
Forestales. 6(27):72-89.

14 Okon, Y. and Vanderleyden, J. 1997. Root-associated Azospirillum species can stimulate
plants. Applied Environment Microbiology. 63(7):366-370.

15 Olvera-Vargas, L. A. J.; Pardo-Nufiez, N.; Aguilar-Rivera, D. y Contreras-Medina, . 2022.
Deteccién de Agave angustifolia y Agave cupreata con técnicas geomaticas en Guerrero,
México. Ciencia y Tecnologia Agropecuaria. 23(2):e2241. https://doi.org/10.21930/
rcta.vol23-numz2-art:2241.

16  Pérez-Santiago, R.; Enriquez-Valle, J. R.; Castafieda-Hidalgo, E.; Velasco-Velasco, A. V.;
Rodriguez-Ortiz, G. y Campos-Angeles, G. V. 2014. Dosis de fertirriego durante la
aclimatacién de plantas de Agave americana Micropropagadas. Revista Mexicana de
Agroecosistemas. 1(1):20-27.

17  Rios-Ramirez, S. C.; Enriquez-Valle, J. R.; Rodriguez-Ortiz, G.; Ruiz-Luna, J. y Velasco-
Velasco, V. A. 2021. El crecimiento de Agave angustifolia Haw. con relacién a la
condicién nutrimental. Revista Mexicana de Ciencias Agricolas. 12(5):865-873. https://
doi.org/10.29312/remexca.v12i5.2638.

18  Sanchez-Mendoza, S.; Bautista-Aparicio, G. and Bautista-Cruz, A. 2022. Inorganic fertilization
improves Agave potatorum Zucc growth and nutrition. International Journal of Agriculture
and Natural Resources. 49(3):147-156. Doi: 10.7764/ijanr.v 49i3.2338.

19 SAS Institute. 2011. SAS/STAT User’s Guide. Ver. 9.3. SAS Institute, Inc. Cary, NC. 8621.
http://support.sas.com/documentation/cdl/en/statug/63962/PDF/default/statug.pdf.

20 Shu, K.; Liu, X. D.; Xie, Q. and He, Z. H. 2016. Two faces of one seed: hormonal
regulation of dormancy and germination. Molecular Plant. 9:34-45. https://doi.org/10.1016/
j-molp.2015.08.010.

21 SIAP. 2019. Servicio de Informacion Agroalimentaria y Pesquera. Secretaria de Agricultura 'y
Desarrollo Rural. Ciudad de México. https://nube.siap.gob.mx/cierreagricola/.

22 Steiner, A. A. 1984. The universal nutrient solution. In: proceedings of IWOSC 1984 6 the
International Congress on Soilless Culture. Wageningen, the netherlands. 633-650 pp.

23 Zuhiga-Estrada, L.; Rosales-Robles, E.; Yafiez-Morales, M. J. y Jacques-Hernandez, C. 2018.
Caracteristicas y productividad de una planta MAC, Agave tequilana desarrollada con
fertigacion en Tamaulipas, México. Revista Mexicana de Ciencias Agricolas. 9(3):553-564.
https://doi.org/10.29312/remexca.v9i3.1214.

elocation-id: e4325 7

—_


https://doi.org/10.29312/remexca.v17i3.4325
http://doi.org/10.1590/0103-8478cr20210863
https://doi.org/10.1016/j.tplants.2013.04.006
https://doi.org/10.35196/rfm.2017.4.491-494
https://doi.org/10.21930/
https://doi.org/10.29312/remexca.v12i5.2638
https://doi.org/10.29312/remexca.v12i5.2638
http://support.sas.com/documentation/cdl/en/statug/63962/PDF/default/statug.pdf
https://doi.org/10.1016/
https://nube.siap.gob.mx/cierreagricola/
https://doi.org/10.29312/remexca.v9i3.1214

- TR

DOI: https://doi.org/10.29312/remexca.v17i3.4325

Fertigation and Azospirillum in the nutrition of Agave angustifolia
vitroplants in a nursery

Journal Information Article/Issue Information
Journal ID (publisher-id): remexca Date received: 01 February 2026
Title: Revista mexicana de ciencias agricolas Date accepted: 01 April 2026
Abbreviated Title: Rev. Mex. Cienc. Agric Publication date: 01 May 2026
ISSN (print): 2007-0934 Publication date: May-Jun 2026
Publisher: Instituto Nacional de Investigaciones Volume: 17
Forestales, Agricolas y Pecuarias Issue: 3
Electronic Location Identifier: 4325
DOI: 10.29312/remexca.v17i3.4325

Categories
Subject: Articulo

Keywords:
Keywords:
nutrient analysis
plant growth-promoting bacteria
nutrient content
plant micropropagation
nutrient solution

Counts
Figures: 0
Tables: 4
Equations: 0
References: 23

elocation-id: e4325 8



https://doi.org/10.29312/remexca.v17i3.4325



