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Abstract 8 

 9 

In northwestern Spain, the grounded whole kernel of flint maize (Zea mays L.) landraces is 10 

traditionally used for making bread and other bakery products. We have identified some 11 

local varieties appropriate for traditional bakery. Thus far, evaluations have been made 12 

under low corn borer pressure, but to know their ability to compete for yield and quality in 13 

a wider area, evaluations should be done under higher corn borer, specifically targeting 14 

Sesamia nonagrioides (Lepidoptera: Noctuidae) and Ostrinia nubilalis (Lepidoptera: Crambidae) 15 

pressure. Therefore, the objectives of this study were to explore the stem and ear resistance 16 

to corn borer attack of maize landraces already evaluated for yield, kernel, and bread tasting 17 

qualities under organic farming conditions and to know possible relationships among yield, 18 

quality and corn borer damage traits. No significant correlation coefficients were detected 19 

between yield and quality-related traits. Therefore, simultaneous progress for yield and 20 

quality could be made. Many varieties providing high yield and kernel density under high 21 

insect pressure were similar to the ones selected by the same characteristics under low 22 

insect pressure in a previous study. However, under high insect pressure, varieties with less 23 

stem and shank damage by S. nonagrioides, are recommended for reducing losses and the risk 24 

of kernel contamination with fumonisins. Among the late varieties, Bianco Perla would be 25 

the most appropriate to obtain high yield along with reduced stem damage by S. nonagrioides 26 

and reduced risk of fumonisin contamination. In areas with shorter growing season, EPS12 27 

(T) C3, and Rebordanes would be the most suitable varieties for obtaining high quality 28 

flours under high insect pressure.  29 
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 33 

In Europe, two lepidopteran corn borers, O. nubilalis (European corn borer) and S. 34 

nonagrioides (pink stem borer or Mediterranean stem borer) are the primary species attacking 35 

maize (Zea mays L)(Malvar et al. 2004). Damage is mostly done by larvae of the second and 36 

subsequent generations that enter into the maize stalk after hatching and feed on the stalk 37 

pith (Malvar et al. 2008). Maize yield is affected by corn borer tunneling which interferes 38 

with assimilate movement and increases the risk of stalk lodging. In addition, corn borer 39 

damage can affect plant health by vectoring Fusarium moniliforme and facilitating fungal 40 

infections (Sobek and Munkvold 1999). The yield loss produced by corn borer attack of the 41 

ear is less important than yield reduction associated to stalk tunneling, but this kind of 42 

damage has been described as an important factor for favoring high levels of fumonisins in 43 

maize kernels (Avantiaggiato et al. 2002, Butron et al. 2006a). Larvae of O. nubilalis enter 44 

into the ear mainly trough the silk channel, whereas larvae of S. nonagrioides enter 45 

preferentially trough the ear shank (Velasco et al. 2002). World-wide control of corn borers 46 

in maize can involve either insecticide applications or the use of Bt-maize; however, 47 

European consumers have shown strong opposition to the cultivation of genetically 48 

modified organisms and refuse the extensive application of pesticides. In this context, 49 

conventional resistant varieties could be used to reduce borer attack and subsequent fungal 50 

infection and mycotoxin contamination when maize kernel is dedicated to human 51 

consumption. 52 

The quality of maize kernels for human consumption depends on three aspects: 1) 53 

kernel quality for optimization of milling, 2) nutritional quality, and 3) kernel health. The 54 

nutritional quality of maize is an important issue in developing countries, but, in developed 55 

countries, interest moves on to other aspects of maize kernel quality. Increased endosperm 56 

hardness is a desirable trait for dry milling and it is commonly associated to higher kernel 57 
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density (Dorseyredding et al. 1991, Cavanaugh et al. 1995, Shandera et al. 1997, Thompson 58 

and Goodman 2006). Hardness, related to density, affects storability, processing, and other 59 

characteristics (Pomeranz et al. 1984). Kernel hardness depends mainly on the relation 60 

between horny and floury endosperms, and secondarily on the structure and compacting of 61 

cell components and thickness of the pericarp. The level of hardness is determined in the 62 

cells of the endosperm by the structure of the zeins and starches and by the bond between 63 

both (Chandrashekar and Mazhar 1999).  64 

The most suitable maize to obtain high-quality flours should present adequate 65 

physical properties, but also healthy kernels, free as much as possible of damage by insects, 66 

fungal infections and mycotoxin contaminations. Logrieco et al. (2003) provide a detailed 67 

list of the mycotoxins that can be found on maize kernels. In Spain, fumonisin-producing 68 

fungi (Fusarium moniliforme Sheldom (syn.: F. verticilloides (Sacc.) Niremberg) and F. 69 

proliferatum (Matsushima) Niremberg) are the most frequently isolated fungi on maize 70 

kernels and maize-based food (Castellá et al. 1999, Bakan et al. 2002, Butrón et al. 2006b). 71 

In northwestern Spain, Butrón et al. (2006b) detected levels of fumonisin above the 72 

maximum recommended content for non-processed maize (2000 µg/kg) in nine out of ten 73 

white maize hybrids evaluated. The moderate to high corn borer infestation present in the 74 

area (Cordero et al. 1998) could be partially responsible for the fumonisin content because 75 

kernel damage by corn borers has been associated with Fusarium infection and mycotoxin 76 

contamination (Hoenish and Davis 1994, Avantiaggiato et al. 2002, Butrón et al. 2006b). 77 

Therefore, reducing kernel damage by borers has been proposed as an effective way for 78 

diminishing mycotoxin contamination (Dowd et al. 2000, Cleveland et al. 2003, Wu 2006).  79 

Maize kernela are preferentially used for feedinglivestock, but in Africa, Asia, and 80 

America, is also an important item in the human diet. In the northwest of the Iberian 81 

peninsula, the grounded whole kernels of flint maize landraces are traditionally used for 82 
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making bread and other bakery products. We have identified some local varieties with 83 

white, yellow and black kernel, appropriate for manufacturing maize bread and other 84 

traditional products (A. B., unpublished data). These varieties have been evaluated under 85 

organic agricultural practices, showing appropriate agronomic performance and acceptable 86 

quality. Although a direct relationship between yield and quality has not yet been found, 87 

evaluations to date have been made under low corn borer pressure. Field trials are needed 88 

under higher insect pressure to evaluate their ability to compete for yield and quality under 89 

a wider area of environmental conditions. Therefore, the objectives of this study were to 90 

explore the stem and ear resistance to corn borer attack of maize landraces already 91 

evaluated for yield, kernel, and bread tasting qualities and to establish possible relationships 92 

among yield, quality and damage-related traits. 93 

94 
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Material and methods 95 

 96 

Eight maize landraces appropriate for manufacturing bread (Meiro, Bianco Perla, Sarraeus, 97 

Ribadumia, Rebordanes, S. Pedro do Sul, Gallego and Celanova), one breeding variety 98 

(Tuy(S)C1), and two resistant testers (EPS21(FR)S1, and EPS12(S)C3) were evaluated in 99 

2004 and 2005 for resistance to S. nonagrioides  and O. nubilalis. EPS12(S)C3 was obtained 100 

after three cycles of selection for reduced tunnel length, while maintaining yield under 101 

infestation with S. nonagrioides (Sandoya et al. 2008). EPS21(FR)C1 has been obtained after 102 

one cycle of reciprocal recurrent selection for yield, under infestation with S. nonagrioides, in 103 

a composite formed by eight non-Reid inbreds resistant to S. nonagrioides (Butrón et al. 104 

1999, 2003). Each year, the eleven maize varieties were arranged in a randomized complete 105 

block design with three replications, plots were infested with S. nonagrioides eggs. Adjacently, 106 

within one meter, a similar trial was infested with O. nubilalis eggs. Trials were planted in 107 

Pontevedra (42°24’N, 8°38’W; 20 m elevation). Each experimental plot consisted of one 108 

row with 17 two-plant hills. Rows were spaced 0.80 m and hills 0.21 m. Plots were 109 

overplanted and thinned to obtain a final density of approximately 60 000 plants ha-1.  110 

Number of days to silking (from sowing to 50% plants silking) was recorded for 111 

each entry. At the silking stage, ten plants per plot received a mass of about 40 eggs of 112 

either S.  nonagrioides or O. nubilalis, depending on the trial. Infestations were made 113 

according to Butrón et al. (1998), eggs were placed between the shank of the main ear and 114 

the stem. The rearing method of S. nonagrioides was described by Eizaguirre (1989). The O. 115 

nubilalis eggs were supplied by the Centre de Recherches de Poitou-Charentes (Institute 116 

National de la Recherche Agronomique, France). At harvest, stems of the infested plants 117 

from each plot were measured (length in cm from the ground to the last node) and 118 

dissected for the length (cm) of tunnels made by borers. Stem damage was computed by 119 
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dividing tunnel length by stem length and multiplying by 100. On the corresponding ears, 120 

kernel and shank damage were estimated on a 9-point scale (from 1 = wholly damaged, to 121 

9 = without injury). In each plot, the percentage of grain moisture at harvest was recorded, 122 

and yield at 140 g kg-1 moisture content was calculated. Kernel density was measured by the 123 

ethanol column test method developed by Paulsen and Hill (1985). A 30-g sample of dried 124 

corn was placed into a graduated buret containing ethanol, and the kernel density in g/cm3 125 

was calculated as the ratio between the sample weight and the displaced volume of ethanol. 126 

A milling test was performed measuring the percentage of the weight of flour passing a 127 

sieve of 1mm netting diameter after milling 50 g grain samples with a grinder during a 128 

given time (15 s).  129 

 For each corn borer species, a combined analysis of variance across years was 130 

performed with the PROC GLM procedure of the SAS package (2000). Genotype was 131 

fixed and years and replications were random factors. Mean comparisons were made by 132 

using the Fisher’s protected LSD. To study the possible relationships among yield, quality 133 

and damage-related traits, the effect of precocity was controlled by computing the 134 

correlation coefficients between the residuals of the two variables after regression on days 135 

to silking (SAS 2000).  136 

137 
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Results 138 

 139 

Differences among genotypes were significant for days to silking, yield, and tunnel length 140 

either under infestation with S. nonagrioides or O. nubilalis (Tables 1 and 2). However, 141 

genotypes were significantly different for kernel moisture, stem damage and kernel density 142 

under infestation with O. nubilalis, whereas differences among genotypes for shank health 143 

were only significant under infestation with S. nonagrioides. The year × genotype interaction 144 

was significant only for days to silking and ear health under infestations with S. nonagrioides 145 

and O. nubilalis, respectively.  146 

Days to silking varied from 50 days for Celanova to 68 days for Bianco perla. The 147 

landraces Meiro and Bianco Perla produced the highest yield and did not differ from the 148 

best variety for kernel density, EPS12(S)C3 (Tables 3 and 4). In general, the damage of 149 

corn borers to the stem was high (>30% of the stem). Damage to the ear was less 150 

important because no variety had kernel health values below 7. Accounting for all damage 151 

by both corn borer species, EPS21(FR)C1, EPS12(S)C3, Rebordanes, and Gallego were the 152 

least damaged. Some varieties, such as Bianco Perla and Tuy(S)C1, showed high levels of 153 

tunneling, but did not differ from the least damaged variety for stem damage because these 154 

varieties had taller plants. Meiro and Ribadumia were among the most resistant varieties to 155 

shank damage, but had high levels of stem tunneling. By contrast, Celanova had a high 156 

proportion of shank damage, but tunnel length and stem damage did not differ from the 157 

least damaged variety, EPS12 (T) C3.  158 

In general, later genotypes produced higher yields, longer tunnel lengths, and higher 159 

kernel density. As the precocity effect is very important, correlation coefficients between 160 

yield, quality-related and damage-related traits, subtracting the effect of precocity (days to 161 

silking), were performed (Table 5). No significant correlation coefficients were detected 162 
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between yield and either quality or damage-related traits. Tunnel length was strongly 163 

correlated with the percentage of damaged stem, and shank health was related to kernel 164 

health. Finally, less stem damage and tunnel length were associated with higher kernel 165 

density.   166 

 167 

168 
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Discussion 169 

 170 

Overall, genotypes responded in a similar way to infestation by S. nonagrioides and O. 171 

nubilalis. Velasco et al. (1999) also concluded that resistance levels to both corn borer 172 

species were not independent; however, their assessment should be taken with caution 173 

because natural infestation of the predominant species could mask the damage by other 174 

corn borers (Malvar et al. 2004a). Therefore, in coastal northwestern Spain, higher 175 

abundance and voracity of S. nonagrioides larvae compared to O. nubilalis larvae (Velasco et 176 

al. 2007, Sandoya et al. 2008) suggest that the damage evaluated in this work is done 177 

primarily by S. nonagrioides and conclusions should be restricted to this corn borer species. 178 

The differences found between both infestations could be explained by the higher or lower 179 

pressure of S. nonagrioides larvae. As S. nonagrioides larvae pass from stem to ear through the 180 

shank (Malvar et al. 2004b), only homogeneous presence of the insect, guaranteed by the 181 

infestation with S. nonagrioides eggs, allowed discrimination among genotypes for shank 182 

health. Slightly reduced damage by O. nubilalis allowed detection of differences for stem 183 

damage and kernel density.    184 

 Genotypes flowering later tend to be vigorous, taller and more productive. In 185 

addition, as corn borer larvae preferentially attack the stem bellow the main ear (Velasco et 186 

al. 2007), tall plants would provide larger extensions to be damaged because plant and ear 187 

heights are highly correlated. Therefore, to study the possible relationships among yield, 188 

quality and damage-related traits, the effect of precocity was controlled. No significant 189 

correlation coefficients were detected between yield and quality-related traits. Therefore, 190 

simultaneous progress for yield and quality could be made as has been previously stated 191 

(Cavanaugh et al. 1995). In addition, increased resistance to stem damage was associated 192 
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with higher kernel density. Godfrey et al. (1991) also detected that yield losses from larval 193 

tunneling by O. nubilalis were mainly caused by a reduction in kernel density.  194 

 Differences among genotypes for tunnel length and stem damage were highly 195 

significant, but, when differences among genotypes for precocity are high, the percentage 196 

of the stem damaged gives a better estimation of the genotype performance under stem 197 

borer attack because later genotypes are normally taller and more productive. Yield losses 198 

caused by the same amount of damage could be compensated by the higher yield potential 199 

(Butrón et al. 2006a). In this study, the good performance under corn borer infestation 200 

shown previously by varieties Bianco Perla, Tuy, and S. Pedro do Sul (Malvar et al. 2007) 201 

has been confirmed, and new varieties such as Rebordanes, Gallego and Celanova have 202 

shown comparable stem resistance. Hundreds of maize varieties have been evaluated for 203 

resistance to stem tunneling by O. nubilalis and S. nonagrioides (Hudon and Chiang 1985, 204 

Reid et al. 1991, Melchinger et al. 1998, Malvar et al. 1993, 2004a, 2007, Butron et al. 1999, 205 

2006a, Soengas et al. 2004). However, previous studies have pointed out the importance of 206 

examining broad groups of germplasm because each germplasm group could have distinct 207 

resistance profiles (Reid et al. 1991). In this work, landraces with high bread tasting 208 

qualities have been evaluated because they could be directly used by organic farmers.   209 

S. nonagrioides larvae attack stems rather than ears, and genetic differences were not 210 

detected for kernel attack. However, kernel and shank health were highly correlated and 211 

genotypes significantly differed for shank health. Therefore, decreasing the level of damage 212 

on the shank could prevent, in part, kernel damage by borers and subsequent mycotoxin 213 

contaminations because S. nonagrioides larvae generally penetrate the ear through the shank 214 

(Velasco et al. 2002). As reducing shank damage could increase kernel health, varieties 215 

Bianco Perla, Rebordanes, and S. Pedro do Sul along with the resistant tester EPS12 (T) C3 216 
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would be the most appropriate for reducing yield losses by S. nonagrioides and the risk of 217 

fumonisin contamination.  218 

 Maize varieties included in this study, except EPS12(S)C3 and Bianco Perla, were 219 

previously evaluated for yield, kernel, and bread tasting qualities under organic farming 220 

conditions (unpublished data). All varieties had acceptable bread tasting quality (bread 221 

appearance, flavor, and uniformity), although those with yellow kernel had slightly superior 222 

qualifications. In the present study, Meiro and Bianco Perla were the most productive, 223 

although Bianco Perla did not differ from Tuy(S)C1 and EPS21(FR)C1. These results 224 

obtained under high insect pressure confirmed the high yields shown by Meiro, Tuy(S)C1, 225 

and EPS21(FR)C1 under organic farming conditions (unpublished data). Both studies 226 

agreed in pointing out that Meiro, EPS21(FR)C1, and Rebordanes were among the varieties 227 

with the largest kernel density, but S. Pedro do Sul showed a comparative better kernel 228 

density under higher insect pressure.   229 

 Taking into account productive and quality traits, among the late varieties, Bianco 230 

Perla would be the most appropriate to obtain high yield along with reduced stem damage 231 

by S. nonagrioides and reduced risk of fumonisin contamination. In areas with shorter 232 

growing season EPS12 (T) C3, and Rebordanes would be the most suitable maize varieties 233 

for obtaining high quality flours under high insect pressure conditions. 234 

As conclusions, varieties that stood out for showing high yield and kernel density 235 

under high insect pressure were similar to those selected by the same characteristics under 236 

low insect pressure in a previous study. However, under high insect pressure, the varieties 237 

Bianco Perla, EPS12 (T) C3 and Rebordanes, which showed less stem and shank damage 238 

by S. nonagrioides, are recommended for reducing losses by S. nonagrioides and the risk of 239 

kernel contamination with fumonisins.    240 
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 Table 1. Mean squares of the analysis of variance of eleven maize varieties evaluated for yield, resistance to corn borers, and quality-related traits 353 

under artificial infestation with S. nonagrioides in two years, 2004-2005.  354 

Sources of 

Variation 

Degrees 

of 

freedom  

Days to 

silking 

Kernel 

moisture 

 

Yield 

Tunnel 

length 

Stem 

damage 

Shank 

health 

Ear 

health 

Milling 

test 

Kernel 

density 

Year (Y) 1 0.74 40.34** 9.25* 8999.95** 1886.41** 4.94* 0.88 6725.93** 0.0001 

Replication/Y  4 0.76 8.27 2.47 330.66* 127.15* 1.03 0.34 42.73 0.0017 

Genotype (G) 10 136.49** 7.27 7.66** 275.18* 47.24 5.27** 0.34 15.43 0.0014 

Y × G 10 4.01** 2.68 0.91 145.29 37.24 0.47 0.15 9.56 0.0007 

Error 40 1.32 4.98 1.33 110.03 37.72 1.12 0.37 16.65 0.0009 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 355 

356 
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Table 2. Mean squares of the analysis of variance of eleven maize varieties evaluated for yield, resistance to corn borers, and quality-related traits 357 

under artificial infestation with O. nubilalis in two years, 2004-2005.  358 

Sources of 

Variation 

Degrees 

of 

freedom  

Days to 

silking 

Kernel 

moisture 

 

Yield 

Tunnel 

length 

Stem 

damage 

Shank 

health 

Ear 

health 

Milling 

test 

Kernel 

density 

Year (Y) 1 17.52* 62.06** 61.30** 10808.76** 2813.80** 38.23** 1.04* 8870.14** 0.000005 

Replication/Y 4 7.76 8.37* 1.05 81.94 8.79 0.39 0.11 34.15* 0.000099 

Genotype (G) 10 154.62** 5.81* 8.32** 835.51** 159.59* 3.52 0.96 20.18 0.004022** 

Y × G 10 5.22 4.33 1.12 183.88 56.66 2.79 1.00** 24.4 0.000996 

Error 40 3.57 2.49 1.54 191.37 74.20 1.72 0.17 12.29 0.001136 

*, ** Significant at 0.05 and 0.01 probability level, respectively 359 

 360 

361 
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Table 3. Means of eleven maize varieties for yield, resistance to corn borers, and kernel quality-related traits evaluated under artificial infestation 362 

with S. nonagrioides in two years, 2004-2005.  363 

Maize 

varieties 

 

Days to silking 

Kernel 

moisture 

 

Yield 

Tunnel 

length 

Stem 

damage 

Shank 

health 

Kernel  

health 

Milling 

Testa 

Kernel 

density 

  % t/ha      cm        %  (1-9)b (1-9)b % g/cm3 

Meiro 64 b 26.6 a 9.6 a 63.4 a 38.2 a 5.9 ab 7.5 a  74 a 1.24 a 

Bianco Perla 68 a 25.6 a 8.2 b 64.7 a 37.6 a 6.2 ab 7.1 a 73 a 1.24 a 

Tuy (S) C1 60 cd 24.7 a 7.8 bc 61.3 a 40.4 a 5.1 bc 7.4 a 74 a 1.23 ab 

EPS21 (FR) C1 59 cd 24.2 a 7.3 b-d 49.0 b 33.9 a 5.1 bc 7.5 a 75 a 1.22 ab 

Sarreaus 53 f 23.2 a 7.1 b-d 56.1 ab 43.0 a 3.6 d 7.4 a 74 a 1.20 b 

Ribadumia 61 c 25.4 a 7.0 b-d 61.6 a 40.0 a 6.1 ab 7.7 a 77 a 1.21 ab 

Rebordanes 59 cd 24.7 a 6.4 de 54.7 ab 36.3 a 6.7 a 7.7 a 72 a 1.24 ab 

EPS12 (T) C3 59 cd 26.4 a 6.6 c-e 48.9 b 33.8 a 6.0 ab 7.7 a 76 a 1.25 a 

S. Pedro do Sul 58 de 24.8 a 6.5 c-e 55.6 ab 38.4 a 5.7 ab 8.1 a 72 a 1.24 a 

Gallego 56 ef 25.8 a 6.0 de 47.6 b 35.3 a 5.3 b 7.7 a 74 a 1.23 ab 
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Celanova 51 g 23.4 a 5.5 e 45.9 b 37.9 a 4.1 cd 7.5 a 73 a 1.22 ab 

LSD 3 - 1.3 12.2 - 1.2 - - - 

a The milling test was performed measuring the weight percentage of flour passing a sieve of 1mm netting diameter after milling 50 g grain 364 

samples with a grinder during a given time (15 s).  365 

b Kernel health and shank health were estimated on a 9-point scale (1 = 90-100% damaged, 2 = 80-90%, 3 = 70-80%, 4 = 60-70%, 5 =40-60%, 366 

6 = 30-40%, 7 = 20-30%, 8 = 1-20%, and 9 = without injury). 367 

 368 

369 
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Table 4. Means of eleven maize varieties for yield, resistance to corn borers, and kernel quality-related traits evaluated under artificial infestation 370 

with O. nubilaliss in two years, 2004-2005.  371 

Maize 

varieties 

 

Days to silking 

Kernel 

moisture 

 

Yield 

Tunnel 

length 

Stem 

damage 

Shank 

health 

Kernel  

health 

Milling 

Testa 

Kernel 

density 

  % t/ha      cm        %  (1-9)b (1-9)b % g/cm3 

Meiro 65 b 25.8 ab 9.2 a 71.4 a 42.4 ab 6.4 a 7.9 a 70 a 1.24 a-c  

Bianco Perla 69 a 27.1 a 8.7 ab 61.6 ab 33.8 b-d 5.8 a 7.7 a 72 a 1.25 ab 

Tuy (S) C1 60 cd 25.1 b-d 8.0 a-c 53.4  bc 34.8 b-d 6.0 a 7.8 a 73 a 1.21 b-d 

EPS21 (FR) C1 59 de 23.8 cd 7.5 b-d 49.9 b-d 34.7 b-d 6.5 a 8.1 a 75 a 1.25 a 

Sarreaus 55 g 24.2 b-d 7.1 c-e 53.0 bc 39.4 a-c 4.1 a 7.2 a 74 a 1.20 cd 

Ribadumia 63 c 25.5 a-d 6.8 c-e 72.0 a 45.6 a 6.2 a 8.0 a 74 a 1.18 d 

Rebordanes 59 de 25.0 b-d 7.1 c-e 44.1 cd 32.2 cd 6.6 a 8.1 a 73 a 1.23 a-c 

EPS12 (T) C3 58 de 25.4 a-d 6.3 d-f 41.1 cd 29.0 d 6.4 a 8.4 a 76 a 1.26 a 

S. Pedro do Sul 58 ef 25.5 a-d 6.2 d-f 54.2 bc 35.3 b-d 5.8 a 7.9 a 72 a 1.22 a-d 

Gallego 56 fg 25.6 a-c 6.1 ef 42.9 cd 33.8 b-d 5.7 a 7.5 a 71 a 1.20 cd 
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Celanova 50 h 23.7 d 5.3 f 36.1 d 29.1 d 5.0 a 7.1 a 75 a 1.19 d 

LSD 2 1.8 1.4 16.1 10.1 - - - 0.04 

a The milling test was performed measuring the weight percentage of flour passing a sieve of 1mm netting diameter after milling 50 g grain 372 

samples with a grinder during a given time (15 s).  373 

b Kernel health and shank health were estimated on a 9-point scale (1 = 90-100% damaged, 2 = 80-90%, 3 = 70-80%, 4 = 60-70%, 5 =40-60%, 374 

6 = 30-40%, 7 = 20-30%, 8 = 1-20%, and 9 = without injury). 375 

 376 

 377 
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Table 5. Correlation coefficients among yield, damage-related and kernel quality-related traits controlling the effect of precocity.   378 

 Tunnel length  

cm 

Stem damage 

% 

Shank health 

(1-9) 

Kernel health 

(1-9) 

Milling test 

(%) 

Kernel density 

g/cm3 

Yield (t/ha) 0.43 0.42 -0.57 -0.40 -0.19 -0.05 

Tunnel length   0.98** -0.52 -0.22 -0.08 -0.74* 

Stem damage    -0.51 -0.22 -0.02 -0.78** 

Shank health    0.81** 0.11 0.41 

Kernel  health     0.24 0.44 

Milling test      -0.10 

*, ** Significant at 0.05 and 0.01 probability level, respectively. 379 

 380 

 381 

 382 

 383 


