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ABSTRACT

Objective: To evaluate the effect of different germination promoters on three maize genotypes grown in
Dystric Cambisol soils, since germination problems are linked to latency and restrict agronomic management.
Design/Methodology/Approach: We conducted an experiment at the Instituto Tecnoldgico Superior de
Juan Rodriguez Clara using a split-plot design with a factorial treatment arrangement. The large plot contained
genotypes (GEN) G1=MS-405, G2=Arlequin, and G3=MS-404; while the small one comprised promoter
(PROMO) HS=humic substance, CI=citrulline, and SA=salicylic acid. We evaluated the following variables:
germination speed (GS), emergence percentage (EMERG), stem and leaf volume (S&LV), root volume (RV),
chlorophyll (CHL), secondary roots (SECR), stem diameter (DMT), number of leaves (NL), foliar area (FA),
root length (RL), and plant height (PH). Then, we conducted a variance analysis and Tukey’s tests (¢<0.05).
Results: For each promoter, we observed main effects in EMERG, CHL, and PH for CI; S&LV, NL, FA, and
PH for HS; and RL for SA. In genotypes G2 and G3, variables GS, EMERG, NL, and PH were statistically
equivalent, DMT varied only in G2, and there were no statistical differences for S&LV, RV, CHL, SECR, FA,
and RL. We observed some simple effects in combinations with CI: GS and PH varied in G3, EMERG in G2
and G3, CHL in G1 and G3, DMT in G1 and G2, and S&LV in G2.

Study limitations/Implications: Soaking corn for one hour in the solution and weighing the correct amount
properly are required, since weighing too much may inhibit germination.

Findings/Conclusions: Promoter CI at a dose of 1,000 ppm accelerates the emergence speed of genotypes
G2 and G3 in acidic soils.

Keywords: Abscisic acid; Amino acids; Krebs cycle; Emergence.

INTRODUCTION

Knowing the germination processes is crucial, mainly because of the alterations
brought by climate change. When the embryo develops, the endosperm transfers
nutrients (Debouza et al., 2021), and once the mitochondria become active, they enter
the glycolysis process and then the Krebs cycle (Ali and Elozeiri, 2017). With the testa

rupture, cellular respiration increases, and reserves, glycosides, proteins, lipids, hormones,
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enzymes, carbohydrates, and phytins are mobilized in the endosperm (Gémez-Maqueo
and Gamboa-de Buen, 2016).

Using pre-germination chemical treatments stimulates germination and decreases
abscisic acid (ABA) (Bautista-Rodriguez et al., 2017). Moreover, these treatments remove
tissues such as coleorhiza (Anh et al., 2019). At the beginning of the Krebs cycle, using
(non-protein) amino acids such as citrulline (CI) (Song et al., 2020) improves nitrogen
balance and eliminates hydroxyl radicals. With biostimulants such as humic substances
(HS) (Veobides-Amador et al., 2018), the transport of organic and inorganic molecules and
the absorption of proteins, amino acids, and ionic nutrients becomes more efficient (Popa
et al., 2022). These same processes can be balanced with hormones such as gibberellin (GA)
(Tuan et al., 2018) or with salicylic acid (SA). The latter reduces oxidative damage (ROS)
due to excess or intoxication (Huang et al., 2021).

Mexico has areas of tropical climate, where soils are acidic. In the state of Veracruz,
in municipalities such as Juan Rodriguez Clara and Isla, soils contain scarce Dystric
Cambisol organic matter, which limits crop productivity (Tosquy-Valle ez al., 2020). With
pre-germination chemical treatments, promoters boost maize seed germination in acidic
soils. This study assessed the effects of different germination promoters in three maize
genotypes.

MATERIALS AND METHODS

We conducted the experiment on June 11,2021 —during the spring and summer cycle—,
on a zero tillage 1,800 m? plot at the Instituto Tecnolégico Superior (ITS) Juan Rodriguez
Clara. The I'TS is located in the Municipality of Juan Rodriguez Clara, Veracruz, Mexico
(18° 017 6.1’ N, 95° 94” 1.77 W, 133 masl). According to Képpen —modified by Garcia
(2004)— the climate is warm subhumid (AWO0), with an average temperature of 24.5 °C and
an average annual precipitation of 1,100 mm. The soil in the area is classified as Dystric
Cambisol by the Norma Oficial Mexicana de la Clasificacion Agronémica PROY-NOM-
021-RECNAT-2000 (Tosquy-Valle et al., 2020). We soaked the three maize genotypes in
the treatments (SA=salicylic acid, CI=citrulline, HS=humic substances) for one hour at a

concentration of 1,000 ppm. After sowing, we applied atrazine as herbicide.

Assessed variables

We evaluated emergence percentage (EMERG); germination speed (GS) (Sobarzo-
Bernal et al., 2021); stem and leaf volume (S&LV) —using the buoyancy technique by
submerging the roots in a cylinder full of water and measuring the displaced liquid in cm’®
(Angulo-Castro et al., 2017)—; root length (RL) in cm; foliar area (FA) in cm’; chlorophyll
(CHL); and number of leaves (NL). We measured EMERG daily (PE) starting the third day
after sowing. To determine seedling germination (TE) we followed the formulas suggested

by Sharma et al., (2022):

_ Number of emerged seeds X100
B Total number of seeds

PE
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_ NI*T1+N2*T2+ N3*T3+..Nn*1In
Total number of emerged seeds

1E

Where N=number of particles appearing consecutively and 7=time elapsed from the

beginning of the test to the end of the measurement period.

For S&LV, we used a 50 ml submerged tube. For RL, we used a measuring tape in cm.
We counted the number of roots. To obtain the foliar area (IA), we measured leaf length
and width (Berdjour et al., 2020). To measure leaf CHL contents, we used a chlorophyll
meter (FT Green LLC®, USOS) (Mendoza-Tafolla et al., 2022).

Statistical analysis

We chose a split-plot design in a 3X3 factorial treatment arrangement with three
replications. Factor A covered GEN (G1=MS-405, G2=Arlequin, and G3=MS-404),
and factor B comprised PROMO (SA=salicylic acid, CI=citrulline, and HS=humic
substances). With the data obtained, we conducted a variance analysis and a comparison
of means using Tukey’s test (p<0.05). To process the data, we resorted to the SAS statistical
package (SAS, 2009).

RESULTS AND DISCUSSION
Emergence in acidic soils

Due to the hydration of pre-germination treatments, the seeds showed an increase in
germination speed (GS) and emergence percentage (EMERG) (Escobar-Alvarez et al.,
2021). In the variance analysis (Table 1), we can observe high significance (p<0.05) for
GEN in germination speed (GS), emergence percentage (EMERG), stem and leaf volume

Table 1. Variance analysis (mean squares and statistical significance) for the following variables: germination speed (GS), emergence percentage
(EMERG), stem and leaf volume (S&LV), chlorophyll (CHL), secondary roots (SECR), stem diameter (DMT), number of leaves (NL), leaf area
(LA), and root length (RL), plant height (PH).

Gen Block B* Gen Promo Gen *Promo Error Total CV (%)
DF 2 2 4 2 4

GS 486.96" 14.44 58.55 7.8 97.02" 6.17 738.4 13
EMERG 3880.07" 190.29 192.59 492.74" 880.81" 49.7 6148.96 8
” S&LV 925.35" 0.24 0.33 4.16" 2.34" 0.06 33.17 4
= CHL 283.05" 32.39 19.63 530.63" 468.79° 16 1526.62 9
2 SECR 1.73 7.16 5.52 8.85 10.21 1.97 56.9 13
& DMT 0.19° 0.039 0.019 0.052" 0.20" 0.0081 0.6 13
- NL 11.87" 0.008 0.016 3.52" 6.36" 0.26 24.9 8
LA 364.28 791.41" 1090.74" 1007.03" 3885.94" 78.13 8077.04 15
RL 465.87 65.34 143.27 363.81" 820.41" 21.9 2121.61 17
PH 25.80" 0.06 1.71 8.52 4.7 0.66 48.78 10

DF: Degrees of freedom, Gen: genotype, Block, B*Gen: Bloc * Gen: Gen*promo: genotype*promoter, CV: Coefficient of variation. ** Highly

significant * Significant (Tukey, 0.05).
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(S&LV), and number of leaves (NL), with coefficients of variation (CV) of 13, 8, 4, and 8%,
respectively. Regarding PROMO, high significance is only observed for S&LV. Moreover,
there is significance (p<0.0001) when promoter * genotype interaction (Promoter * Gen)
occurs. Dago ¢t al. (2021) mention that using biostimulants promotes germination and
improves stem length and diameter.

The behavior of means in the double entry table (Table 2) shows main effects of
PROMO as follows: CI in variables EMERG, CHL, and PH; HS in S&LV, NL, FA, and
PH; and SA in RL. Regarding germination in GEN (G1, G2, and G3), G2 and G3 were
statistically equivalent in GS, EMERG, NL, and PH. Only G2 varied in DMT. There was
no statistical difference for variables S&LV, RV, CHL, SECR, FA, and RL. We observed
some simple effects in combinations with CI: GS and PH varied in G3, EMERG in G2 and
G3,CHLin G1 and G3, DMT in G1 and G2, and S&LV in G2. Song ¢t al. (2020) mention
that citrulline eases nitrogen assimilation, thus increasing the content of chlorophyll and
stem and leaf tissue. HS produces variations in EMERG and S&LV in G2 and G3, and in
NL, FA, and PH in G3. Bijanzadeh et al. (2019) mention that humic substances produce
biochemical effects, promote potassium absorption, improve photosynthesis, increase
cellular respiration, and improve seedling growth in maize (Figure 1). HS are also related
to the amino acid and Krebs cycle metabolism (Popa ez al., 2022). As for SA, it produces
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Figure 1. Height of genotypes MS-405, Arlequin, and MS-404, measured for eight days after emergence,
considering controllers SH (HS)=humic substance, CI=citrulline, and AS (SA)=salicylic acid.
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Table 2. Means for promoter effects (HS=humic substances, CI=citrulline, and SA=salicylic acid) on maize
genotypes G1, G2, and G3, and interaction regarding germination speed (GS), emergence percentage (EMERG),
stem and leaf volume (S&LV), chlorophyll (CHL), stem diameter (DMT), number of leaves (NL), foliar area (FA),
root length (RL), and plant height (PH).

Promovedor
VAR GEN
SH CI AS MEDIA
Gl 13.75 cd 15.66 bed 9.17d 12.86 b
VG G2 18.87 abc 18.21 abc 22.54 ab 19.87 a
G3 22.63 ab 24.06 a 22.38 ab 23.02 a
MEDIA 1841 a 19.31 a 18.03 a
Gl 60 b 84 a 60 b 68 b
G2 90 a 93 a 100 a 94 a
EMERG
G3 90 a 94 a 94 a 93 a
MEDIA 80 b 90 a 85 ab
Gl 10.1 ab 12.7 ab 6.2 b 9.6 a
G2 15.0a 15.0a 12.0 ab 14.0a
VTYH
G3 15.0a 7.0b 9.0 ab 10.3a
MEDIA 134 a 11.6 ab 9.1b
Gl 45.6 ab 51.9a 44.0 ab 47.2 a
G2 40.1 ac 46.7 ab 53.6 a 44.1 a
CLFI
G3 319c¢ 51.5a 37.0 be 40.1 a
MEDIA 39.2 ¢ 50.1 a 449b
Gl 0.54 be 0.77 a 0.40 ¢ 0.57b
G2 0.70 ab 0.83 a 0.80 a 0.78 a
DMT
G3 0.70 ab 0.60 abc 0.70 ab 0.67 ab
MEDIA 0.65 a 0.73 a 0.63 a
Gl 6.1b 6.0b 4.7 c 5.6b
G2 7.0 ab 7.0 ab 7.0 ab 7.3 a
NH
G3 8.0a 6.0b 7.0 ab 7.0a
MEDIA 7.0a 6.3b 6.2 b
Gl 61.2 abc 63.7 abc 45.5 be 56.8 a
AF G2 51.2 abc 78.2 ab 61.9 abc 74.0 a
G3 819a 40.5 ¢ 435¢ 55.3 a
MEDIA 64.8 a 60.8 ab 50.3 b
Gl 20.2 b 25.7b 23.0b 23.0a
IR G2 21.0b 33.7 ab 25.0b 28.6 a
G3 27.0b 25.0b 47.0a 33.0a
MEDIA 22.7b 28.1 ab 31.7a
Gl 7.81abc 6.46 bc 6.03 ¢ 6.77 b
G2 8.31 ab 8.67ab 7.88 abc 8.29 a
ALT
G3 9.52 a 9.98 a 7.94 abc 9.15a
MEDIA 8.55a 8.37 a 7.28 b

" The variables VG (GS), EMERG, VTYH (S&LV), CLFI (CHL), DMT, NH (NL), AF (FA), LR (RL), and ALT (PH)
presented statistical differences between promoters (SH / HS, CI, AS / SA) and genotypes (G1, G2, and G3) (p=<0.05).
a,b,c: Mean values per column with different letters are statistically different (p=<0.05). VG (GS)=%, EMERG="%,
VTYH (S&LV)=mm, CLFI (CHL)=nm, DMT=mm, AF (FA)=cm? LR (RL)=cm, and ALT (PH)=cm.
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variations in EMERG for G2 and G3, in CHL and DMT for G2, and in RL for G3.
Bijanzadeh et al. (2019) and Dzib-Ek et al. (2022) mention that SA at concentrations of 1
and 0.01 uM significantly promotes root length and secondary root formation (p<0.05),
regulates plant growth and development processes, including seed germination, and
improves vigor (Chitnis ez al., 2014).

CONCLUSIONS

Pre-germination treatment by soaking in citrulline at 1,000 ppm in the MS-404
and Arlequin maize genotypes showed positive effects on germination speed (94%) and
percentage (93%), as well as on the development of seedlings in acidic soils during a 15-
day monitoring period. Other studies can follow up on the effects of pre-germination

treatments and establish whether their application impacts production completion.

ACKNOWLEDGEMENTS
The authors would like to thank Ing. Aarén De la Rosa Garcilazo - Nutri Best (Semillas Mejoradas MATER
Semillas) and the Instituto Tecnolégico Superior de Juan Rodriguez Clara ITSJRC).

REFERENCES

Ali AS. y Elozeiri AA (2017). Metabolic Processes During Seed Germination. Seed Biology. 8:141-166. DOI:
10.5772/intechopen.70653

Angulo-Castro A, Ferrera-Cerrato R, Alarcén A, Almaraz-Sudrez JJ, Delgadillo-Martinez J, Jiménez-
Fernandez M y Garcia-Barradas O. (2017). Crecimiento y eficiencia fotoquimica en del fotosistema ii
plédntulas de 2 variedades de Capsicum inoculadas annuum L. con rizobacterias u hongos micorricicos
arbusculares. Revista de Argentina de Microbiologia 50(2): 178-188

Anh TP, Sun M, Tran-Nguyen N, Park S and Ayele BT (2019). Molecular mechanisms of seed germination.
Sprouted Grains 1:1-24 https://doi.org/10.1016/B978-0-12-811525-1.00001-4

Bautista-Rodriguez EI, Lagunes-Espinoza LC, Lara-Viveros FM, Casteldn-Estrada M, Conde-Martinez V
(2017). Comparison of pre-germination treatments in Lupinus spp. and their effects on germination and
related solutes. Botanical Sciences 95(3): 577-590, https://doi.org/10.17129/botsci.893

Berdjour A, Yakamba Dugje I, Yaya Kamara A, Abdul Rahman N, Asomaning Odoom D y Ajala S. (2020).
Direct Estimation of Maize Leaf Area Index as Influenced by Organic and Inorganic Fertilizer Rates
in Guinea Savanna. Journal of Agricultural Science. 72(6): 66-75

Bijanzadeh E, Naderi R, and Egan TP (2019). Exogenous application of humic acid and salicylic acid to
alleviate seedling drought stress in two corn (Zea mays L.) hybrids. Journal of Plant Nutrition. 42(13):
1483-1495

Chitnis VR., Gao F, Yao Z, Jordan MC, Park S, Ayele BT (2014). After-Ripening Induced Transcriptional
Changes of Hormonal Genes in Wheat Seeds: The Cases of Brassinosteroids, Ethylene, Cytokinin and
Salicylic Acid. PLOS ONE. 9(1):1-14

Dago DY, Santana BY, Herndndez GL. (2021). Efecto de los bioestimulantes sobre la germinacién y crecimiento
de pléntulas de Vigna unguiculata Subsp. Sesquipedalis 1. Cv. Cantén 1. Revista Cientifica Agroecosistemas.
I1):11-17.

Debouza NE, Thruppoyil SB, Gopi K, Zain S, Ksiksi T (2021). Plant and seed germination responses to global
change, with a focus on CO: A review. One Ecosystem.1-34

Dzib-Ek G, Villanueva-Couoh E, Garruna-Hernandez R, Vergara Yoisura S, Larqué-Saavedra A (2022).
Efecto del 4cido salicilico en la germinacién y crecimiento radicular del tomate. Revista mexicana de
ciencias agricolas 12(4): 735-740

Escobar-Alvarez JL, Ramirez-Reynoso O, Cisneros-Saguilén P, Gutiérrez-Dorado R, Maldonado-Peralta
MA, Valenzuela-Lagarda JL. (2021). Viabilidad y germinacién en semillas de maiz criollo del estado de
Guerrero. Ecosistemas y Recursos Agropecuarios. 8(II): 1-10. https://doi.org/10.19136/era.a8nl1.2963

Garcia AE (2004). Modificaciones al Sistema de Clasificacién Climdtica de Képpen para Adaptarlo a las
Condiciones de la Republica Mexicana. Offset Larios. México. 246


https://doi.org/10.1016/B978-0-12-811525-1.00001-4
https://doi.org/10.17129/botsci.893
https://doi.org/10.19136/era.a8nII.2963

AGRO PRODUCTIVIDAD 2023. https://doi.org/10.32854/agrop.v16i12.2772 87

Goémez-Maqueo X and Gamboa-de Buen A (2016). The Dynamics of Plant Cell Wall In Muro Modifications
and its Physiological Implications on Seed Germination. New Challenges in Seed Biology. IntechOpen.
155-176

Huang YT, Cai SY, Ruan XL, Chen SY, Mei GF, Ruan GH, Cao DD. (2021). Salicylic acid enhances sunflower
seed germination under Zn2+ stress via involvement in Zn2+ metabolic balance and phytohormone
interactions. Scientia Horticulturae. (275):1-11.

Mendoza-Tafolla RO, Juarez-Lopez P, Ontiveros-Capurata RE, Alia-Tejacal I, Guillén-Sdnchez D, Villegas-
Torres OG y Chavez-Bdrcenas AT. (2022). Estimacién de la concentracién de clorofila, nitrégeno y
biomasa en arugula (Eruca sativa Mill.) mediante mediciones portatiles no destructivas. Bioagro 34(2):
151-162. http://www.doi.org/10.51372/bioagro342.5

Popa DG, Lupu C, Constantinescu-Aruxandei D, and Oancea F (2022). Humic Substances as Microalgal
Biostimulants—Implications for Microalgal Biotechnology. Mar Drugs. Biotechnology 20(5):327 https://
doi.org/10.3390/md20050327

SAS (2009) SAS Institute. SAS/STATR®©9.2. User Guide Release. Cary, NC: SAS Institute Inc. USA. 111.

Sharma Sushma, Singh Vikram, Tanwar Hemender, Singh MV, Kumar M, Chander PR, Singh DM, Khan
M, Sangwan S, Bhuker A, Shekhar DC, Yashveer S, Singh J. (2022). Impact of High Temperature on
Germination, Seedling Growth and Enzymatic Activity of Wheat. Agriculture. 12(9): 1-19.

Sobarzo-Bernal O, Gémez-Merino FC, Alcdntar-Gonzdlez G, Saucedo-Veloz C y Trejo-Téllez LI. (2021).
Biostimulant Effects of Cerium on Seed Germination and Initial Growth of Tomato Seedlings.
Agronomy 711(1525): 1-14. https://doi.org/10.3390/agronomy11081525

Song Q, Joshi M, DiPiazza J y Joshi V (2020). Functional Relevance of Citrulline in the Vegetative Tissues of
Watermelon During Abiotic Stresses. Frontiers in Plant Science. 17(512): 1-13

Tosquy-Valle OH, Zetina-Lezama R, Lépez-Salinas E, Ibarra-Pérez FJ, Villar-Sanchez B. y Rodriguez-
Rodriguez JR. (2020). Comparacién de genotipos de frijol negro opaco en suelos acidos del sur de
Veracruz. Terra Latinoamericana 38: 91-102. https://doi.org/10.28940/terra.v38i1.411

Tuan PA, Kumar R, Rehal PK, Toora PK, Ayele AT. (2018). Molecular Mechanisms Underlying Abscisic Acid/
Gibberellin Balance in the Control of Seed Dormancy and Germination in Cereals. Frontiers in plant
science. 9(668): 1-14.

Veobides-Amador H, Guridi-Izquierdo F, Vazquez-Padrén V. (2018). Las sustancias humicas como
bioestimulantes de plantas bajo condiciones de estrés ambiental. Cultivos Tropicales. 39(4): 102-109


http://www.doi.org/10.51372/bioagro342.5
https://doi.org/10.3390/md20050327
https://doi.org/10.3390/md20050327
https://doi.org/10.3390/agronomy11081525
https://doi.org/10.28940/terra.v38i1.411

	_GoBack
	_Hlk134872345
	_Hlk134626149
	_Hlk147949500
	_Hlk146469703
	_Hlk143598414
	_Hlk143557744
	_Hlk134642363
	_Hlk143555166
	_Hlk148715785
	_Hlk147955429
	_Hlk143160686
	_Hlk146469648
	_Hlk146471917
	_Hlk135061324
	_Hlk146469682
	_Hlk146471948
	_Hlk135061388
	_Hlk146469703
	_Hlk135061407
	_Hlk135061442
	_Hlk146472008
	_Hlk135061528
	_Hlk146709071
	_Hlk143202200

