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ABSTRACT 

 

The present study sought to identify and evaluate the Germination Speed Index (GSI), the 

differences in growth and pigments in the hybrids Agroceres® (Hybrid AG 8780) and Pioneer® 

(Hybrid 30F53VYHR) submitted to stress by flooding in the vegetative stage. Two tests were 

carried out: in Trial I it was verified the GSI in both varieties, where it was found a higher 

germination tax and velocity for the variety Agroceres® (Hybrid AG8780). In Trial II, the plants 

that originated from Trial I were imposed to stress by flooding. From 3 DAF (Days After Flooding) 

it was evaluated: NDVI (Normalized Difference Vegetation Index), height, diameter of stem and 

visual analysis and, in the end of Trial II it was evaluated the photosynthetic pigment content. In 

the analysis of growth and photosynthetic pigment content, it was possible to verify that the 

Pioneer® (Hybrid 30F53VYHR) variety presented a better performance, with less variations when 

compared to the plants in control treatment, being more suitable for situations of stress by flooding.  

 

Keywords: Abiotic stress, AG 8780, NDVI, 30F53VYHR, Visual analysis, Zea mays. 

 

 
 

INTRODUCTION 

 

With origin in the Central America region, corn has a great economic value, being the cereal 

with the most significant relevance in the planet, with an annual production of 1 billion tons 

(GARCÍA-LARA & SERNA-SALDIVAR, 2019). 
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Environment factors, such as a flood, have a direct impact on plantations and can cause 

significant losses (KUMAR et al., 2020) which highlights the necessity of studies directed at flood 

and soil use planning.  

Flooding has become a recurring event due to climate changes, mainly when the soil is used 

in a non-planed manner, for example, with soil compaction due to agricultural machinery 

(LÖSCHNER & NORDBECK, 2019). 

Depending on the stress imposed in the corn, its first signal of injury can be seen in the 

leaves and, afterward with difficulty in the assimilation of dioxide carbonate being able to alter its 

radicular development that, when bad develop, can decrease contact area of the plant with soil and 

nutrients (MAO et al., 2017), being able to cause the death of cells and organs, depending on the 

stress factor duration.  

Thus, the present study sought to identify and evaluate the GSI, the differences in growth, 

visual and pigments in the hybrids Agroceres® (Hybrid AG 8780) and Pioneer® (Hybrid 

30F53VYHR) submitted to stress by flooding in the vegetative stage.  

 

MATERIAL AND METHODS 

 

The study was accomplished in the Gragoatá Campus from the Universidade Federal 

Fluminense, located in Niterói, Rio de Janeiro State, Brazil. The region has a climate Aw, according 

to the Köppen classification (KOTTEK et al., 2006). The location has a latitude of 22°54’00’ S, 

longitude of 43°08’00’’ W and an altitude of 8 meters.  

The seeds of corn Agroceres® (Hybrid AG 8780) and Pioneer® (Hybrid 30F53VYHR) 

were acquired through agricultural companies. The vases were initially filled with a layer of rocks 

to avoid soil loss in the base and facilitate drainage. The soil was added up to the eight litters 

marking in the vase.  

  After this initial phase, the referred work was divided into two trials for better 

comprehension. In Trial I: analysis of germination of seeds from different hybrids and in Trial II: 

flood of the plants originated from Trial I.  
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Trial I: Germination of Corn Seeds 

The corn (Zea mays) seeds Agroceres® (Hybrid AG 8780) and Pioneer® (Hybrid 

30F53VYHR) were sowed in 8 litters vases. Each sample unity (vase) contained two seeds, being 

each treatment, with 22 repetitions (vases for each hybrid).  

 

Tax of Germination and Germination Speed Index (GSI) 

The rate of germination was measured every day and was counted the seeds that presented 

themselves visible, above soil (BRASIL, 2009; MORAES et al., 2012), being counted until the 12º 

day after sowing, when all treatments did not present any new germinated seeds.  

It was determined the percentage of germination and the GSI. The germination percentage 

was calculated by formula proposed in the Regras para Análise de Sementes (BRASIL, 2009) and 

the GSI according to a formula adapted by Moraes et al. (2012).  

 

Trial II: Flooding of Corn Plants   

To carry out Trial II, the plants originated from Trial I stayed in their corresponding vases 

and were distributed in the same manner, randomly, with approximately 40 cm of distance between 

vases. The plants of the flooded treatment remained with water in the vases to provide flooding of 

the soil for 17 days, larger vases (18 litters) were purchased and later, the eight litter vases were 

added inside the 18 litters vases to contain the water.  

Initially it was done a thinning, leaving only one plant per vase. Each treatment contained 

11 repetitions each, totalizing 44 vases and 44 plants.  

Afterwards, the flooding was carried out in the vases for the flooded treatment. For such, 

the vases of 18 litters were filled until the water in them went to the vases of eight litters, through 

holes in its base. During all the experiment period, it was maintained a water blade of 2.5 cm above 

the layer of soil. The plants in control treatment stayed in the eight litters vases, with irrigation in 

field capacity.   

From the third day after flooding (3 DAF), the following were evaluated: NDVI, height, 

stem diameter, and visual analysis. The evaluations were repeated at 5 DAF, 8 DAF, 13 DAF, 15 

DAF, and 17 DAF, as determined in preliminary experiments. At the end of Trial II, the 

photosynthetic pigment content was analyzed. 
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Analysis of the Normalized Difference Vegetation Index (NDVI) 

To determine the NDVI, photos were taken during the experiment to verify different 

treatments vegetative action. For that, the concept of NDVI and application by ENVI® software 

was used as described by Cho (2019).  

A cell phone camera took the photos and after were loaded in the ENVI® 4.5 software using 

the NDVI tool and choosing the bands of red and green. As it was impossible to acquire the infrared 

band, the green band replaced it as the green band is also reflected by plants (PRASANNAKUMAR 

et al., 2014).  

It is important to highlight that, in an ideal situation, the value of +1 for the NDVI presents 

a higher production of biomass in the plant and a -1 represents a plant with no biomass production, 

that is, dead.  

The data collected in the ENVI® software was a statistical analysis of the values along with 

the growth parameters.  

 

Growth Parameters 

During the experiment it was done a follow-up of height and diameter of stem of the plants. 

For the height, a graduated ruler was used in centimeters, measuring from the base of the sprout 

until its apical apex. For the diameter of the stem, it was used a digital caliper rule. 

 

Visual Analysis 

 Throughout the experiment it was acquired photos of the plants in the flooded treatments 

that presented defensive mechanisms against the stress by flooding as a way to highlight if there 

was a variety more susceptible to the stress by flooding.  

  

Photosynthetic Pigment Content  

In the end of the experiment, it was also determined the photosynthetic pigment content, it 

was done spectrophotometrically in accord to Arnon (1949). Samples of 0.15 g of foliar tissue from 

the leaves were macerated in the presence of acetone 80% and estimated by the equations of Hendry 

& Grime (1993) and expressed in µmol gMF*1. 
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Experimental design and statistical analysis 

 The experimental design used in this study was internally random. The data were submitted 

to analysis of variance (ANOVA, p ≤ 0,05) and the averages were compared by Tukey’s test (p ≤ 

0,05) when there was a significative difference by the test F, with the help of the SISVAR® 

software. 
 

RESULTS AND DISCUSSION 

 

Trial I: Germination of Corn Seeds 

The germination of corn seeds for both hybrids was 86% for the Pioneer® (Hybrid 

30F53VYHR) variety and 95% for the Agroceres® (Hybrid AG8780) variety. The germination of 

seeds was stabilized with 4 and 3 days after the beginning of germination and the first day of 

germination was with 6 and 5 days after sowing (DAS) for the hybrids Pioneer® (Hybrid 

30F53VYHR) and Agroceres® (Hybrid AG8780) respectively (Figure 1 A and B). 

 

Figure 1. Percentage of germination for the varieties of corn (Zea mays) (-▲-) Pioneer® (Hybrid 

30F53VYHR) and (-•-) Agroceres® (Hybrid AG8780) (A). Germination Speed Index 

(GSI) for the corn varieties (-▲-) Pioneer® (Hybrid 30F53VYHR) and (-•-) Agroceres® 

(Hybrid AG8780) (B). 
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It was possible to observe that the Agroceres® (Hybrid AG8780) variety had a better 

performance as to the GSI, the Agroceres® (Hybrid AG8780) variety had a higher germination 

velocity (8.39), showing a peak of germination velocity in the fifth DAS. As for the Pioneer® 

(Hybrid 30F53VYHR) variety, the highest germination velocity (3.44) occurred with six DAS.  

 

Trial II: Flooding of Corn Plants   

Growth Parameters 

Initially the plants from the Agroceres® (Hybrid AG8780) variety in the flooded treatment 

showed higher growth when compared to the control treatment, presenting higher diameters, 

heights and NDVI. From the 15 DAF the plants in the control treatment presented better growth 

parameters, highlighting the NDVI with 8 DAF and 15 DAF that presented statistical differences 

when compared to the control treatment, showing a higher production of biomass (Figure 2 A).  

 

Figure 2. Variation in diameter, height, and Normalized Difference Vegetation Index (NDVI) for 

the varieties of corn (Zea mays) Agroceres® (Hybrid AG8780) (A) and Pioneer® 

(Hybrid 30F53VYHR) (B) in the control and flooded treatments. * Values followed by the same 

letters are not significantly different at p ≤ 0.05 according to Tukey’s test. 
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The Pioneer® (Hybrid 30F53VYHR) variety presented some changes, especially in the 

NDVI with 8 DAF however, not in one moment was there a statistical difference between the 

flooded and control treatments (Figure 2 B).  

 

Visual Analysis 

 

With 3 DAF it was possible to observe some symptoms of stress caused by flooding in the 

plants as loss of color of leaves closer to the soil (Figure 3 A), change in leaves color (Figure 3 A) 

and root exit from the soil (Figure 3 B). The changes occurred in higher number for the Agroceres® 

(Hybrid AG 8780) variety.  

 

Figure 3. Plant of corn (Zea mays) in the treatment Agroceres® (Hybrid AG 8780) flooded with 

purple leaves (A). Plant of corn (Zea mays) in the treatment Agroceres® (Hybrid AG 

8780) flooded with adventitious roots (B). Fissure (aerenchyma) in the base of the plant 

stalk of a flooded plant of the Agroceres® (Hybrid AG 8780) variety with 15 DAF (Days 

after flood) (C). Roots of the variety Pioneer® (Hybrid 30F53VYHR) with and without 

flood, respectively (D). Roots of variety Agroceres® (Hybrid AG 8780) without and 

with flood, respectively (E).  
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It was also observed that, with 5 DAF, the plants of the Agroceres® (Hybrid AG8780) 

variety presented a higher number of adventitious roots (Figure 3 B).  

With the passing of days in stress, with 15 DAF it was possible to observe that, some of the 

plants of the Agroceres® (Hybrid AG8780) variety in the flooded treatment, possibly were in 

situation of anoxia, seeing that the plant searched for oxygen through a fissure at the base of the 

stem (Figure 3 C), response due to the formation of aerenchyma in the stem region (WANG & 

CAO, 2012). 

With 17 DAF, it was possible to visually verify the variations between flooded and control 

treatments of Agroceres® (Hybrid AG8780) and Pioneer® (Hybrid 30F53VYHR), showing 

differences in growth and coloring in roots, with darker coloration and smaller size in the flooded 

treatments for both varieties (Figure 3 D and E). 

 

Photosynthetic Pigment Content  

It was possible to observe that there was no significative difference when comparing the 

averages of photosynthetic pigment content, in the same variety, between flooded and control 

treatments (data not shown). 

For the control treatment, both varieties Agroceres® (Hybrid AG8780) and Pioneer® 

(Hybrid 30F53VYHR) showed similar averages, without significative differences between each 

other (data not shown). 

When compared the two genotypes, in the flooded treatments, it was possible to verify that 

there was a significative difference for the pigment content a, b, carotenoids and total pigments 

with higher averages for the Agroceres® (Hybrid AG8780) variety showing that, despite not 

showing significant difference between them in the control treatment, when subjected to flooding 

stress the variety Pioneer® (Hybrid 30F53VYHR) had lower pigment content than the plants of 

the Agroceres® (Hybrid AG8780) variety (data not shown). 

Lastly, even showing lower concentrations of chlorophyll a and b pigments, the variety 

Pioneer® (Hybrid 30F53VYHR) appears superior to the Agroceres® (Hybrid AG8780) variety, 

the pigments showed a minimal variation of averages between flooded and control treatments, with 

other parameters such as total leaf area and fresh and dry mass showing higher averages for the 

Pioneer® (Hybrid 30F53VYHR) variety, again demonstrating less accentuated changes than the 
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Agroceres® (Hybrid AG8780) variety, fact observed in a previous study by our research group 

(CORREIA et al., 2021). 

In Trial I turns out that, for the climatic conditions of Niteroi – RJ (Brazil) and in the 

experimental conditions, the highest tax and germination velocity occurred for the Agroceres® 

(Hybrid AG8780) variety when compared with the Pioneer® (Hybrid 30F53VYHR) variety.  

This difference in germination velocity was due to the delay in germination which reflected 

in a lower germination percentage in the Pioneer® (Hybrid 30F53VYHR) variety, showing that 

the Agroceres® (Hybrid AG8780) variety had a better performance of tax and germination 

velocity.  

In Trial II the plants did not present statistical difference in most of the growth parameters, 

except for the NDVI for the plants in the Agroceres® (Hybrid AG8780) variety with 8 DAF and 

15 DAF where the flooded plants presented statistical difference when compared to the control 

treatment. This alteration was due to a lower investment in maintaining plant metabolisms, 

differing from the Pioneer® (Hybrid 30F53VYHR) variety that maintained itself at control level.  

For the visual analysis, it was possible to verify that the plants of the Agroceres® (Hybrid 

AG8780) variety presented more significant changes. These reactions to the stressing factor 

occurred because the absorption of nitrogen and other nutrients present in the soil is impaired since 

the corn plants are dependent on diazotrophs bacteria for that, resulting in a purple color (in young 

leaves) or yellow (for older leaves) (MARENCO & LOPES, 2013). 

In situations of low concentration of nitrogen, it is common the occurrence of accumulation 

of anthocyanin, a type of flavonoid that confers purplish colors to the plant, this accumulation of 

anthocyanin in the plant rises its tolerance to the deficiency of nitrogen (FALLAH et al., 2020). 

The occurrence of adventitious roots is a common response to the flooding stress to increase 

the availability of oxygen in the radicular system and consequently increase the production of ATP 

(adenosine triphosphate), highly dependent on the presence of oxygen in the plant (HÜTHER et 

al., 2017).  

All the visual alterations occurred in greater quantity in the Agroceres® (Hybrid AG8780) 

variety, showing again a greater difficulty in maintaining itself at control level, showing that its 

investment in the maintenance of metabolism in the plant was not as efficient as the Pioneer® 

(Hybrid 30F53VYHR) variety.  
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The alteration in the photosynthetic pigments demonstrates stress in the plant, this alteration 

can modify its performance (NASCIMENTO & MARENCO, 2010). When submitted to stress by 

flooding the Pioneer® (Hybrid 30F53VYHR) variety showed higher degradation of pigments than 

the Agroceres® (Hybrid AG8780) variety. The pigment content is involved in the light absorption, 

each pigment absorbs a different wavelength, its decrease entails in a lower absorption of energy 

by the plant (SOSNOWSKI & TRUBA, 2021), a fact confirmed in other studies by our research 

group (CORREIA et al., 2021).  

Lastly, even with the alterations in the photosynthetic pigment content, when compared to 

the Agroceres® (Hybrid AG8780) treatment, the Pioneer® (Hybrid 30F53VYHR) variety 

presented a higher capacity of maintaining itself in control level, that is, demonstrated a higher 

investment in the maintenance of its metabolisms, being this variety the best recommended for 

situations of stress by flooding. 

 

CONCLUSIONS 

 

In Trial I it was verified that the higher tax and velocity of germination occurred for the 

Agroceres® (Hybrid AG8780) variety. In Trial II it was verified, by the parameters of growth, 

visual analysis and photosynthetic pigment content, that the Pioneer® (Hybrid 30F53VYHR) 

variety had a higher capacity of maintenance of growth and development in the situation of stress 

by flooding.  

 

ACKNOWLEDGEMENTS 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior- Brasil (CAPES)- Finance Code 001, Conselho Nacional de Desenvolvimento 

Científico e Tecnológico (CNPq) and Fundação de Amparo à Pesquisa do Estado do Rio de Janeiro 

(FAPERJ). 

REFERENCES 

 

ARNON D.I. 1949. Copper enzymes in isolated chloroplasts: polyphenoloxydase in Beta vulgaris. 

Plant Physiology, 24, 1-15. DOI: https://doi.org/10.1104/pp.24.1.1 

BRASIL. Ministério da Agricultura, Pecuária e Abastecimento. 2009. Regras para análise de 

sementes. Ministério da Agricultura, Pecuária e Abastecimento. Secretaria de Defesa 

Agropecuária. Brasília: MAPA/ACS. 395.  



Brazilian Journal of Agriculture                                                                                   v.98, n.2, p. 68 – 79, 2023 

DOI: 10.37856/bja.v98i2.4324 
 

78 

 

CHO M.A.; RAMOELO A. 2019. Optimal dates for assessing long-term changes in tree-cover in 

the semi-arid biomes of South Africa using MODIS NDVI time series (2001-2018). 

International Journal of Applied Earth Observation and Geoinformation, 81, 27--36. 

DOI: https://doi.org/10.1016/j.jag.2019.05.014 

CORREIA D.M.; HÜTHER C.M.; SILVA J.A.; RODRIGUES N.F.; ALMEIDA R.D.B.; 

HAMACHER L.S.; RIGUEIRA R.J.A.; PEREIRA C.R. 2021. Variedades de Milho 

Submetidas ao Alagamento no Estádio Inicial de Desenvolvimento: Fluorescência da Clorofila 

como Indicativo de Estresse e Crescimento. A face transdisciplinar das ciências agrárias, 

14--25. DOI: 10.22533/at.ed.917211008 

FALLAH A.A.; SARMAST E.; JAFARI T. 2020. Effect of dietary anthocyanins on biomarkers of 

oxidative stress and antioxidative capacity: A systematic review and meta-analysis of 

randomized controlled trials. Journal of Functional Foods, 68. DOI: 

https://doi.org/10.1016/j.jff.2020.103912 

GARCÍA-LARA S.; SERNA-SALDIVAR S. O. 2019. Corn (Third Edition). Chemistry and 

Technology, 1-18. https://doi.org/10.1016/B978-0-12-811971-6.00001-2  

HENDRY G.A.F.; GRIME J.P. 1993. Methods in Comparative Plant Ecology: a laboratory 

manual. Chapman Hall, London, 148-152. 

HÜTHER C.M.; MARTINAZZO E.G.; ROMBALDI C.V.; BACARIN M.A. 2017. Effects of 

flooding stress in ‘Micro-Tom’ tomato plants transformed with different levels of 

mitochondrial sHSP23.6. Brazilian Journal of Biology, 77(1), 43--51. DOI: 

http://dx.doi.org/10.1590/1519-6984.08815 

KOTTEK M.; GRIESER J.; BECK C.; RUDOLF B.; RUBEL F. 2006. World Map of the Köppen-

Geiger climate classification updated. Meteorologische Zeitschrift, 15, 259--263. 

KUMAR A.; PERPETUINI G.; PETCHKONGKAEW A.; TAN R.; AVALLONE S.; TOFALO 

R.; NGUYEN H.V.; CHU-KY S.; HO P.H.; PHAN T.T.; WACHÉ Y. 2020. Food safety risks 

in traditional fermented food from South-East Asia. Food Control, 109. DOI: 

https://doi.org/10.1016/j.foodcont.2019.106922 

LÖSCHNER L.; NORDBECK R. 2019. Switzerland’s transition from flood defence to flood-

adapted land use-A policy coordination perspective. Land Use Policy. DOI: 

https://doi.org/10.1016/j.landusepol.2019.02.032 

MAO J.; YU Y.; YANG J.; LI G.; CHUNYAN L.; QI X.; WEN T.; HU J. 2017. Comparative 

transcriptome analysis of sweet corn seedlings under low-temperature stress. The Crop 

Journal, 5, 396-406. DOI: https://doi.org/10.1016/j.cj.2017.03.005. 

MARENCO R.A.; LOPES N.F. 2013. Fisiologia Vegetal. Editora UFV, 3, pp. 486.  

MELO H.F.; SOUZA E.R.; CUNHA J.C. 2017. Fluorescence of chlorophyll a and photosynthetic 

pigments in Atriplex nummularia under abiotic stresses. Revista Brasileira de Engenharia 

Agrícola e Ambiental, 21(4). DOI: https://doi.org/10.1590/1807-1929/agriambi.v21n4p232-

237  

MORAES D.M.; BANDEIRA J. M.; MARINI P.; LIMA M.G.S.; MENDES C.R. 2012. Práticas 

laboratoriais em Fisiologia Vegetal. Pelotas: Editora Cópias Santa Cruz Ltda, 1, 162. 

NASCIMENTO H.C.S.; MARENCO R.A. 2010. SPAD-502 readings in response to photon 

fluence in leaves with different chlorophyll content. Revista Ceres, 57(5). DOI: 

https://doi.org/10.1590/S0034-737X2010000500008 

PRASANNAKUMAR N.R.; CHANDER S.; SAHOO R.N. 2014. Characterization of brown 

planthopper damage on rice crops through hyperspectral remote sensing under field conditions. 



DIFFERENCES IN GERMINATION AND FLOODING TOLERANCE AMONG CORN VARIETIES   

 
 

 

79 

 

Phytoparasitica, 42, 387-395. DOI: https://doi-

org.ez24.periodicos.capes.gov.br/10.1007/s12600-013-0375-0  

SATO T.; SHIMODA Y.; MATSUDA K.; TANAKA A.; ITO H. 2018. Mg-dechelation of 

chlorophyll a by Stay-Green activates chlorophyll b degradation through expressing Non-

Yellow Coloring 1 in Arabidopsis thaliana. Journal of Plant Physiology, 222, 94--102. DOI: 

https://doi.org/10.1016/j.jplph.2018.01.010 

SOSNOWSKI J.; TRUBA M. 2021. Photosynthetic activity and chlorophyll pigment concentration 

in Medicago x varia T. Martyn leaves treated with the Tytanit growth regulator. Saudi Journal 

of Biological Sciences, 28(7), 4039--4045. DOI: https://doi.org/10.1016/j.sjbs.2021.03.073 

WANG G.B.; CAO F.L. 2012. Formation and function of aerenchyma in baldcypress (Taxodium 

distichum (L.) Rich.) and Chinese tallow tree (Sapium sebiferum (L.) Roxb.) under flooding. 

South African Journal of Botany, 81, 71--78. DOI: 

https://doi.org/10.1016/j.sajb.2012.05.008 

 

 
 

Received in: May, 8, 2023.  

Accepted in: Aug, 7, 2023. 


