
  

 

 

 

 
Vol. 11(27), pp. 2403-2411, 7 July, 2016 

DOI: 10.5897/AJAR2016.11232 

Article  Number: 7CF4E5359322 

ISSN 1991-637X 

Copyright ©2016 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJAR 

African Journal of Agricultural  
Research 

 
 
  
 
 

Full Length Research Paper 
 

Harvest time, stem and grain sensibility of maize 
hybrids with contrasting growth cycles 

 

Fernando Panison*, Luís Sangoi, Ricardo Trezzi Casa and Murilo Miguel Durli 

 
Department of Agronomy, Santa Catarina State University, UDESC, Lages, SC, Brazil. 

 
Received 17 May, 2016; Accepted 8 June, 2016 

 

The delay of maize harvest may affect the stem and grain sanity. This work was carried out aiming to 
evaluate the effects of harvest time on the incidence of stem rots and rotten grains of maize hybrids 
with contrasting growth cycles. The experiment was set in Lages, SC, during the 2012/2013 and 
2013/2014 growing seasons. A randomized block design, disposed in split plots was used. Five single-
cross hybrids were tested in the main plots: P1630H and P32R22H (hipper early cycle), P2530 (super 
early cycle) and P30F53YH and P30R50YH (early cycle).  Five harvest times were assessed in the split 
plots: 0 (grain physiological maturity), 10, 20, 30 and 40 days after physiological maturity. The incidence 
of stem rots increased proportionally to the delay in harvest time, regardless of hybrid growth cycle. 
More than 60% of the stems presented rot symptoms when harvest was performed 30 and 40 days after 
physiological maturity. Such behavior enhanced the percentage of lodged and broken stems when 
harvest was postponed. Harvest time did not affect the percentage of rotten grains, which was higher 
for hybrid P32R22H due to its poor ear husk coverage. Harvest delay affected more significantly the 
stem than grain sanity of maize hybrids. 
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INTRODUCTION 
 
The concomitant presence of maize and soybean is 
common in Southern Brazilian farms due to the need of 
establishing a crop rotation system. This management 
strategy is important to stimulate nutrient recycling, to 
increase soil water storage capacity, to enhance weed 
control efficiency and to prevent disease occurrence in 
both crops (Olibone et al., 2010; Castro et al., 2011; 
Franchini et al., 2012). The development of earlier 
ripening soybean cultivars and the anticipation of its 
planting date to early Spring (beginning of October) have 

accelerated soybean harvest to February, a month where 
maize is also ready to be harvested (Stülp et al., 2009). 
When this situation occurs, growers harvest soybean first 
because it is more profitable and more sensitive to 
harvest delay (Cella et al., 2014). Many times, such 
decision forces maize to stay in the field for over 30 days 
after grain physiological maturity (Panison et al., 2016). 

The delay on maize harvest is a risky management 
decision because it brings several negative 
consequences, such as stem lodging and breaking,  

 

*Corresponding author. E-mail: fernandopanison@hotmail.com. Tel: (55)4932899294. 

  

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


  

2404          Afr. J. Agric. Res. 
 
 
 
kernel germination at the ear and insect attack (Panison 
et al., 2016). These effects are more intense when maize 
is grown after plants of the same botanical family, such 
as black oat (Avena sativa). This species hosts fungi 
such as Fusarium graminearum and Colletotrichum 
gramínicola that cause stem and grain rot (Casa et al., 
2007, 2009). 

The intensity of stem lodging and breaking due to 
harvest delay depends on the hybrid’s traits, management 
practices (fertilization level, plant density and row 
spacing), meteorological conditions at the end of the crop 
cycle and damages caused by insects and diseases 
(Gomes et al., 2010). Soils with high fertility, crowded 
stands, windy and rainy conditions during grain filling 
increase the percentage of broken stems at harvest 
(Casa et al., 2007; Schmitt, 2014). Stem lodging is also 
enhanced because maize stores more than 50% of its 
biomass in the grain at harvest (Sangoi et al., 2010). 
Therefore, the longer maize remains in the field after 
grain physiological maturity, the higher is the risk of 
having broken stems before harvesting the crop (Ferreira 
et al., 2012).   

The maintenance of maize kernels in the field for long 
periods of time after physiological maturity favors ear 
infection by fungi that decrease grain quality (Kaaya et 
al., 2005; Lauren et al., 2007). Harvest delay is the major 
responsible for the increase in rotten grains and 
mycotoxin content derived from the presence of 
Aspergillus, Penicillium and Fusarium (Marques et al., 
2009). Such fungi use endosperm storage compounds as 
energy source for their growth and development 
(Alakonya et al., 2008). Therefore, they reduce kernel 
mass, changing grain quality and visual appearance 
(Pinto et al., 2007). Losses due to fungi attack usually 
range from 7 to 15%, but they can exceed 50% under 
extreme conditions (Kaaya et al., 2005). Furthermore, 
these fungi produce toxic chemical compounds, 
compromising the use of maize kernels to produce oil or 
feed humans and livestock (Zain, 2011). 

The cultivar’s choice is a management strategy that 
can help to mitigate damages caused by late harvests. 
Maize hybrids present great variability regarding growth 
cycle duration, kernel type and plant resistance to 
diseases (Ferreira, 2012). The presence of decumbent 
ears at the end of grain filling maybe a desirable trait 
because it prevents water accumulation at the ear tip 
(Fonseca, 2005). Another favorable feature is adequate 
ear coverage with well developed husks. This trait avoids 
the exposition of kernels located at the upper part of the 
ear to unfavorable weather conditions (Guiscem et al., 
2002). 

This work was carried out based on two hypotheses: 
Harvest delay after grain physiological maturity increases 
the incidence of rotten stems, favoring plant lodging and 
decreasing kernel quality; the magnitude of damages 
caused by late harvest depends on the hybrid’s traits. 
The experiment aimed to evaluate the effects of harvest 

 
 
 
 
time on stem and kernel sanity of maize hybrids with 
different growth cycles. 
 
 

MATERIALS AND METHODS 
 
The experiment was conducted in the city of Lages, Santa Catarina 
State, in the highlands of southern Brazil, during the growing 
seasons of 2012/2013 and 2013/2014. The experimental site is 
located at 27º52’ latitude south, 50º18’ longitude west and 900 m 
above sea level. The climate of the region is classified by Köppen-
Geiger, mentioned by Kotteck (2006), as Cfb, presenting mild 
summers, cold winters and adequate rainfall during the whole year. 

The soil at the study site was an Oxisol (Hapludox), according to 
Embrapa (2006), having the following chemical characteristics: Clay 
content, 560 g kg-1; organic matter content, 60.0 g kg-1; water pH, 
5.2; SMP pH, 5.7; phosphorus, 4.4 mg dm-³; potassium, 186 mg 
dm-³; calcium, 5.79 cmolc dm-³; magnesium, 2.47 cmolc dm-³; 
aluminium, 0.2 cmolc dm-³; CTC, 8.94 cmolc dm-³. 

A randomized block design arranged in split plots was used, with 
four replicates per treatment. Five single-cross hybrids with 
contrasting growth cycles were assessed in the main plots:  Two 
hipper early hybrids (P32R22H and P1630H) that require 1282 and 
1220 heat units (HU) to reach physiological maturity; one super 
early hybrid (P2530) that requires 1390 HU to attain physiological 
maturity; and two early hybrids (P30R50YH and P30F53YH) that 
achieve physiological maturity with 1493 and 1556 HU. Five harvest 
times were evaluated in the split plots: 0 (grain physiological 
maturity), 10, 20, 30 and 40 days after physiological maturity. The 
first harvest time for each hybrid was carried out when there was a 
visible black layer in the grain insertion point on the cob (R6 stage 
of the growth scale proposed by Ritchie et al. (1993). Each split plot 
comprised four rows, 0.7 m apart and 7 m long. All measurements 
were taken from the two central rows, leaving borders of 0.5 m at 
the end of each row. 

The experiment was set using a no-tillage system under a dead 
coverage of black oat (Avena strigosa). The experimental area was 
planted with maize for three consecutive years before installing the 
trial. The soil fertilization was determined aiming to achieve a grain 
yield of 18,000 kg ha-1. Fertilization was performed at the sowing 
date by applying 30 kg ha-1 of N, 295 kg ha-1 of P2O5 and 170 kg ha-

1 of K2O. The fertilizers were superficially placed close to the sowing 
rows. Nitrogen was also side-dressed, applying 250 kg of N divided 
into three equal parts when the plants were at the V4, V8 and V12 
growth stages, according to Ritchie et al. (1993). Urea was used as 
the N source. 

The experiment was hand planted on 12/5/2012 and 10/5/2013. 
The plots were over-sown, dropping three seeds per hill and 
thinned to the desired density (80,000 plants ha-1) when the plants 
had three expanded leaves. 

The weeds were controlled with two herbicide applications. The 
first was carried out immediately after sowing and prior to plant 
emergence with a combination of atrasine (1,400 g a.i. per hectare) 
and metolachlor (2,100 g a.i. per hectare). The second application 
was performed when maize plants were at V4, using tembotriona 
(100 g ha-1 de i.a.). Army worm (Spodoptera frugiperda) was 
controlled by spraying the insecticides lufenuron + 
lambdacyhalothrin (15 + 7.5 g de i.a. ha-1) when the crop reached 
the V6 and V12 growth stages, according to Ritchie et al. (1993).  

The percentage of lodged and broken stems was determined on 
the harvest day of each treatment. The plant that presents stem 
rupture below the ear insertion node was considered broken. The 
plant that has an angle between the lower stem inter-nodes and the 
soil smaller than 45º was considered lodged. 

On the harvest day of each treatment, ear coverage by husks 
was also evaluated. A scale with grades ranging from 1 (best husk 
coverage) to 5 (worst husk coverage) was used to assess this  
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Figure 1. Scale of grades for ear husk coverage of maize hybrids.  Lages, SC, 2014.  

 
 
 
variable. The evaluation was carried out visually, observing the 
extension of the modified leaves that protect the ear and identifying 
the presence of visible kernels not protected by husks at the ear tip. 
More details about the scale can be seen on Figure 1. 

In 2012/2013, harvest time 0 (grain physiological maturity) was 
carried out on 05/01/2013 and 05/10/2013 for the hipper early and 
the other hybrids, respectively. In 2013/2014, harvest time 0 was 
performed on 03/06/2014, 03/16/2014 and 03/26/2014 for the 
hyper, super and early hybrids, respectively. The other harvests for 
each hybrid were performed at constant intervals of 10 days from 
harvest time 0. At all harvest times, the ears were collected 
manually. 

The occurrence of stem rot was evaluated right after ears’ 
harvest. This evaluation was performed following the methodology 
presented by Reis and Casa (1996). The stems were cut with a 
knife nearly 30 cm above the soil surface. After that, they were 
longitudinally opened.  The stems that presented internal visual 
discoloration symptoms were considered sick. The percentage of 
rotten stems was calculated dividing the number of stems with 
disease symptoms by the total number of stems of each split plot. A 
sample of symptomatic stems was taken to the Pathology Lab of 
Santa Catarina State University to identify the causal agents 
responsible for the diseases detected in the field. 

At all harvest times, ears wee manually collected. Kernels were 
weighted and have their moisture contend determined. A kernel 
sample with 500 g was separated and placed in an oven at 65ºC 
until kernels were entirely dried. Subsequently, another sample of 
200 g was taken to determine the incidence of rotten grains. Every 
kernel that presented more than 25% of its surface area discolored 
was considered rotten. The discolored kernels were weighted, 
allowing estimation of the percentage of rotten grains on each 
treatment. 

The data were statistically evaluated by a variance analysis, using 
the F test, at the significance level of 5%. The data were previously 
transformed before carrying out the variance analysis using the 
expression (x + 1)1/2. When the F values were significant, the values 
were compared using Tukey’s test. The effect of delaying harvest 
time was also assessed by polynomial regression analysis, testing 
the linear and quadratic models. Both evaluations were conducted 
at the significance level of 5%. 
 
 
RESULTS AND DISCUSSION 
 
The percentage of lodged and broken stems was affected 
by harvest time at both growing seasons (Table 1). It 
ranged from 0 to 33.4% in 2012/2013 and from 0 to 
95.4% in 2013/2014 (Table 2). In both growing seasons, 
the percentage of the lodged and broken plants 
increased proportionally to the delay in harvest time. The 
numeric values of the lodged and broken plants were 
greater in 2013/2014 than in 2012/2013. According to the 
regression analysis adjusted for the average values of 
the five hybrids, the percentage of lodged and broken 
stems presented a linear increase of 4.3 and 10.8% for 
each 10 days of delay in harvest time for the first and 
second growing seasons, respectively (Figure 2a).  

In 2012/2013, there was no difference in the percentage 
of the lodged and broken stems among the hybrids 
(Table 2). Conversely, in 2013/2014 the hipper  
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Table 1. F values calculated by the Variance Analysis for the main effects of hybrids (A), harvest time (B) and the 
interaction between hybrids and harvest time (A x B). Lages, SC, Brazil. 
 

Agronomic trait Hybrid (A) Harvest time (B) Interaction (A x B) 

 Growing season  2012/2013 

Percentage lodged and broken stems 7.77
NS

 17.67** 1.53
NS

 

Percentage of rotten stems 27.61** 89.55** 1.36
NS

 

Ear husk coverage grade 15.78** 1.74
NS

 1.03
NS

 

Percentage ofrotten grains 158.94** 0.77
NS

 0.42
NS

 
    

 Growing season 2013/2014 

Percentage lodged and broken stems 10.70* 23.03** 3.20
NS

 

Percentage of rotten stems 11.93** 110.92** 1.97
NS

 

Grain of husk coverage 7.98** 0.83
NS

 1.18
NS

 

Percentage of rot grains 5.68* 3.83
NS

 0.43
NS

 
 

* Significant differences by the F test (P < 0.05). **Significant differences by the F test (P < 0.01). NS - Differences not 
significant by the F test (P>0.05). 

 
 
 

Table 2. Percentage of lodged and broken stems of maize hybrids with contrasting growth cycles as affected by harvest time. Lages, 
South Brazil. 
 

Days after 
physiological maturity 

Hybrids 
Average CV (%) 

P1630H P32R22H P2530 P30F53YH P30R50YH 

Lodged and broken stems   

Growing season  2012/2013   

0 0.0 0.0 0.0 2.1 3.6 1.1** 

79.1 

10 4.5 5.7 0.4 2.5 8.2 4.3 

20 4.8 4.0 4.8 6.5 5.9 5.2 

30 17.9 25.1 10.4 10.2 10.6 14.9 

40 17.3 33.4 14.5 10.4 12.4 17.6 

Averages 8.9
NS

 13.6 6.0 6.3 8.1   

CV (%) 96.2   
    

 Growing season 2013/2014   

0 0.0 3.1 10.8 0.5 0.0 2.9** 

80.7 

10 2.4 10.7 13.1 0.5 0.0 5.3 

20 4.5 19.9 19.8 6.7 5.3 11.2 

30 8.3 33.7 61.0 3.9 18.6 25.1 

40 58.4 95.4 50.4 15.8 17.0 47.4 

Averages 14.7
ab

* 32.6
a
 31

a
 5,5

b
 8,2

b
   

CV (%) 81.7   
 

Differences among averages not significant in the row (P>0.05); *Differences among averages significant in the row (P < 0.05). Averages 
succeeded by the same lower case letter do not differ by the Tukey’s test. ** Differences among averages significant in the column (P < 0.01). 
** Differences among averages in the column significant by the F test (P < 0.01). 

 
 

 

and super early hybrids P32R22H, P1630H and P2530 
had a higher percentage of lodged and broken stems 
than the early hybrids P30F53YH and P30R50YH.  

The delay of maize harvest time is a risky management 
strategy because it favours stem lodging due to wind and 
rain (Gomes et al., 2010). This tendency was confirmed 
in the present work for both growing seasons. Maize 
allocates more than 50% of the plant biomass to the 
grains at physiological maturity (Sangoi et al., 2010). 

Therefore, when the harvest is postponed, tissue 
senescence at the stem base and the constant presence 
of rainfall and temperatures below 17ºC that occur during 
April, May and June in the highlands of South Brazil 
(Table 3) increase the ear weight, favouring stem lodging 
and breaking. This behaviour is accentuated by the 
crop’s early ripening because maize hybrids with shorter 
growth cycles remobilize greater amounts of the stem-
stored carbohydrates to the kernels during grain filling  
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Figure 2. Percentage of lodged/broken stems (a) and percentage of rotten stems of maize hybrids (b), 
as affected by harvest time. Lages, SC, Brazil. 

 
 
 
(Blum et al., 2003).  

The percentage of rotten stems was affected by the 
main effects of hybrid and harvest time at both growing 
seasons (Table 1). The average value presented by the 
five hybrids for this variable was more than three times 
higher at the last harvest date than when maize was 
harvest at the grain physiological maturity (Table 4). The 
hipper and super early hybrids (P1630H, P32R22H and 
P2530) presented greater percentage of rotten stems 
than the early hybrids (P30F53YH and P30R50YH), at 
the average of harvest times According to the regression 
analysis, in 2012/2013 the percentage of rotten stems 
increased linearly 12.1% for each 10 days of delay in 

harvest time (Figure 2b). In the second growing season, 
the rate of increase in rotten stem incidence was 16.9% 
for each 10 days of harvest delay. 

The rotten stems cause direct damage to maize due to 
the colonization of the vascular tissue, accelerating plant 
death (Romero Luna and Wise, 2015). Such behavior 
weakens the stem, favoring plant lodging and increasing 
grain losses during harvest (Casa et al., 2007). The 
greater incidence of rotten stems recorded in late 
harvests (Figure 2b) contributed to the higher values of 
stem lodging and breaking observed when harvest was 
performed 40 days after physiological maturity (Figure 
2a). The cropping system used in the experimental area,
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Table 3. Monthly average temperatures and pluvial precipitation during maize growing seasons in Lages, South Brazil. 
 

Month 
Growing season 2012/2013

1/
 

Dec. Jan. Feb. Mar. Apr. Mai. Jun. Average 

Average temperature (°C) 21.4 18.9 19.5 17.4 15.3 12.9 12.0 16.7 

Precipitation (mm) 203.5 195.4 214.7 179.2 62.3 86.3 199.3 162.9 

         

  Growing season 2013/2014 

Month Oct. Nov. Dec. Jan. Feb. Mar. Apr.  

Average temperature (°C) 15.1 17.4 20.2 21.4 21.0 18.5 16.3 18.5 

Precipitation (mm) 136.9 146.1 107.7 182.9 210.9 121.3 94.2 142.9 
 

1/ Temperature and precipitation data were collected from a meteorological experimental station located 20 km from the experimental site. 
 
 
 

Table 4. Percentage of rotten stems of maize hybrids with contrasting growth cycles as affected by harvest time. Lages, SC, Brazil. 
 

Days after 
physiological 
maturity 

Hybrids 

Averages 
P1630H P32R22H P2530 P30F53YH P30R50YH 

Rotten stems (%) 

Growing season 2012/2013 

0 50 39. 21 18 16 26 ** 

10 68 65 45 33 38 48 

20 86 71 63 41 38 54 

30 83 74 69 49 56 64 

40 91 90 88 64 74 79 

Averages 76
a
* 68

ab
 58

bc
 41

d
 45

cd
  

C.V. (%) 21.7  
   

 Growing season 2013/2014  

0 26 20 34 21 8 22 ** 

10 56 51 55 37 27 45 

20 69 84 78 39 45 62 

30 82 85 85 68 84 81 

40 89 98 95 82 81 89 

Averages 65
a
* 68

a
 70

a
 49

b
 49

b
  

C.V. (%) 18.6  
 

*Differences among averages significant in the row (P < 0.05). Averages succeeded by the same lower case letter do not differ by the Tukey’s 
Test. **Differences among averages significant in the column (P < 0.01). 

 
 
 

with the succession of black oat and maize for three 
consecutive years, probably enhanced the percentage of 
rotten, lodged and broken stems when harvest was 
delayed. The three main fungi species detected in rotten 
stems were Colletotrichum graminicola, Stenocarpela 
macrospora and Fusarium graminearum, which are 
necotrophic pathogens favored by cropping systems that 
include plants of the same grass family (Casa et al., 
2014).  

The most efficient way to mitigate the negative effects 
of fungi infection to maize kernels is the correct hybrid 
choice (Carson et al., 2002).  Cota et al. (2009) observed 
different responses of maize hybrids to the infection of C. 
graminicola, indicating that some genotypes presented 

higher ability to prevent the initial penetration of this 
pathogen inside the plant. Similar results were reported 
by Blum et al. (2003). These authors, testing cultivars 
with contrasting growth cycles, noticed that the hipper 
and super early ripening hybrids were more prone to 
rotten stems than the early hybrids. The same trend was 
detected in the present work. Hybrids with a short growth 
cycle also present small leaf area. Such trait increases 
the remobilization of carbohydrates from the stems to the 
kernels during grain filling, making the stems more 
susceptible to the infection of pathogens (Sangoi et al., 
2010). 

Harvest time did not interfere with the ear husk 
coverage grade probably because this trait is defined 
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Table 5. Ear husk coverage grade of maize hybrids with contrasting growth cycles as affected by harvest time. Lages, SC. 
 

Days after 
physiological 
maturity 

Hybrids 

Averages  CV (%) P1630H P32R22H P2530 P30F53YH P30R50YH 

Ear husk coverage grade 
1/ 

 Safra 2012/2013   

0 4 5 2 2 2 3
NS

 

22,2 

10 4 5 2 2 2 3 

20 4 5 2 2 2 3 

30 4 5 2 2 2 3 

40 4 5 2 2 2 3 

Averages 4
b
 5

a
* 2

c
 2

c
 2

c
    

CV (%) 43.2   
    

 Safra 2013/2014    

0 4 5 3 3 2 3.4
NS

 

17,3 

10 4 5 3 3 2 3.4 

20 4 5 3 3 2 3.4 

30 4 5 3 3 2 3.4 

40 4 5 3 3 2 3.4 

Média 4
b
 5

a
 3

b
 3

b
 2

c
   

CV (%) 34.0     
 
NS

Differences among averages not significant in the column (P>0.05). * Differences among averages significant in the row (P < 0.05). 
Averages succeeded by the same lower case letter do not differ by the Tukey’s Test. 

1/ 
Grade 1: Ears completely covered, with elongated 

husks united at the tip; Grade 2: Ears completely covered without the presence of elongated husks at the tip, grains not visible; Grade 3: 
Ears with a small husk coverage deficiency at the tip, without showing visible grains; Grade 4: Poor husk coverage at the ear tip with the 
presence of visible grains; Grade 5: Poor husk coverage at the medium and upper part of the ear with significant amount of visible grains. 

 
 
 
before the kernels achieve their physiological maturity 
(Tables 1 and 5). On the other hand, there were 
significant differences among hybrids regarding to this 
variable at both growing seasons. The hipper early 
hybrids P1630H e P32R22H showed the worst husk 
coverage, presenting exposed kernels at the ear tip 
(Figure 1). The fast cob expansion at the beginning of 
grain filling that characterizes early ripening maturing 
hybrids probably contributed to the poor husk coverage 
presented by P1630H and P32R22H (Guiscem et al., 
2002).   

There were significant differences among hybrids in the 
percentage of rotten grains at both growing seasons 
(Tables 1 and 6). The hyper early hybrid P32R22H 
presented the higher percentage of rotten grains, on the 
average of five harvest times. This behavior was probably 
caused by its worst ear husk coverage (Table 5).   Poorly 
covered ears, with short and loose husks, are more 
susceptible to fungi infection, due to the easier access of 
fungi such as S. macrospora and F. graminearum to the 
kernels, which increase the occurrence of rotten grains 
(Costa et al., 2011). 

Harvest time did not affect the percentage of rotten 
grains (Tables 1 and 6). This result differs than the data 
reported by Santin et al. (2004) and Marques et al. 
(2009), who observed an increase in the amount of rotten 
grains when harvest was postponed. In the present work, 

harvest delay increased the percentage of rotten stems 
caused by S. macrospora and F. graminearum (Table 4). 
After infecting the stem, these fungi can migrate to the 
 ear, enhancing the percentage of rotten grains (Casa et 
al., 2009). Nonetheless, there was no significant effect of 
harvest time in the percentage of rotten grains (Table 6). 
This apparent contradiction can be explained by the fact 
that the fungi that promote rotten ears and subsequently 
rotten grains infect the kernels during the early stages of 
grain filling. Therefore, they hardly colonize maize female 
inflorescence after the plant physiological maturity (Casa 
et al., 2014). Such behavior explains the lack of 
association between the increase in rotten stems and 
rotten grains incidence when harvest was delayed. 
  
 
Conclusions 
 
1. The delay of maize harvest time increased the 
percentage of rotten stems and the percentage of lodged 
and broken plants, regardless of hybrid’s growth cycle. 
2. The delay of maize harvest time did not affect the 
percentage of rotten grains of the five evaluated hybrids. 
3. The hipper early ripening hybrid P32R22 presented the 
worst ear husk coverage and the highest percentage of 
rotten grains, regardless of harvest time. 
4. Harvest delay affected more significantly the stem than  
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Table 6. Percentage of rotten grains of maize hybrids with contrasting growth cycles as affected by harvest time. Lages, SC. 
 

Days after 
physiological 
maturity 

Hybrids 

Average CV (%) P1630H P32R22H P2530 P30F53YH P30R50YH 

Rotten grains (%) 

 2012/2013 Growing season   

0 8.8 12.7 2.1 3.4 0.7 5.2 NS 

51.4 

10 7.6 9.3 1.7 4.1 0.9 4.6 

20 10,6 11.2 1.3 4.4 1.8 5.4 

30 9.8 8.5 1.8 4.3 1.6 4.7 

40 9.6 10.2 4.1 3.9 3.1 5.7 

Average 9.3
a
* 10.4

a
 2.2 

c
 4.1

b
 1.6

c
   

CV (%) 23.2   
    

 2013/2014 Growing season   

0 2.4 3.9 1.4 4.0 3.3 3.0 NS 

53.5 

10 2.7 3.4 2.8 6.9 3.1 3.8 

20 6.8 9.4 3.4 8.2 6.7 6.9 

30 5.0 6.1 5.2 6.2 6.8 5.9 

40 6.3 8.2 3.6 7.1 7.3 6.5 

Average 4,6
ab

 6.2
a
 3.3

b
 6.5

a
 5.4

ab
   

CV (%) 39.8    
 
NS

Differences among averages not significant in the column (P>0.05). *Differences among averages significant in the row (P < 0.05). Averages 
succeeded by the same lower case letter do not differ by the Tukey’s Test. 

 
 
 
grain sanity of maize hybrids. 
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