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SHORT COMMUNICATION

Phenotyping open-pollinated maize varieties for environments
with low nitrogen availability
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ABSTRACT
The high nitrogen nutrient requirement of maize is a major production
constraint in areas that have a low availability of soil nitrogen. A 2-year
field experiment was conducted to characterize open-pollinated varieties
of maize by identifying possible sources of variability targeting low N
environments. Twelve experimental varieties and two checks, AL Avaré
and Ipanema, were cultivated under high and low nitrogen levels and
evaluated for chlorophyll content index, lodging, prolificacy and grain
yield. The results indicate that the applied nitrogen resulted in differ-
ences in the chlorophyll content index between environments. Nitrogen
level affected the percentage of lodged plants of varieties K and L. Grain
yield and lodging were the traits that most affected genotypic variability,
and 17% of the studied varieties were considered as superior due to
higher lodging-resistance and higher grain yield.
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Introduction

Nitrogen (N) is the major nutrient taken up by maize (Zea mays) and the main constituent of
chlorophyll (Wasaya et al. 2017). For this reason, N plays a key role in important agronomic traits,
such as lodging, grain yield, and prolificacy. Shi et al. (2016) reported that increased stalk resistance
under adequate N supply, resulted in less lodged plants. Akhtar et al. (2015) studied the nitrogen
fertilization effect on maize and concluded that the nutrient had significant effect on increasing
grain yield. Prolificacy, defined as ears produced per plant, is an important secondary trait for
breeding under low N conditions (Talabi et al. 2017) since it results in higher grain yield.

Selection for high yielding maize genotypes is typically conducted in environments that are not
limiting for N (Badu-Apraku et al. 2012). However, sub-optimal soil nitrogen availability constitutes
an important restriction to crop production in several countries (Hu et al. 2008), which makes
developing cultivars adapted to low N condition a necessity for maize breeding programs. The best
methodology to select genotypes for low N environments is to compare the performance of these
genotypes in environments with high and low N availability (Han et al. 2015), to identify genotypes
carrying genes associated with tolerance to low N that can be used in breeding programs to obtain
superior and N efficient cultivars.

The development of superior cultivars depends on accurate characterization of the genotypes,
which is only possible in the presence of genetic variability. Open-pollinated varieties are less
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productive than modern cultivars such as hybrids, however, their complex genetic structure makes
them an important source of genes related to tolerance to abiotic stress (Coimbra et al. 2010). The
objective of this study was to characterize open-pollinated varieties of maize and identifying
possible sources of variability targeting low N environments.

Material and methods

Experimental site

The experiments were conducted in Jaboticabal, SP, Brazil (21º14ʹ33ʹ’S, 48º17ʹ10ʹ’W, and 565 m
above sea level), in the first season of 2015/2016 and the first season of 2016/2017. The experi-
mental soil is characterized as eutroferric red Oxisol in both areas. The regional climate is classified
as AW type (savanna with dry winter) according to Köppen. The area was maintained under
traditional cultivation system, and maize was sowed in 2012/2013, 2013/2014 and 2014/2015.

Before the experiments were initiated, soil samples were collected in 10 points per experimental
area in the 0–20 cm layer and analysis were performed according to Raij and Quaggio (1983). The
results for both harvests are shown in Table 1, as well as the accumulated rainfall in the periods.

Treatments and experimental design

Twelve open-pollinated experimental varieties and two checks were evaluated in this study. The
experimental varieties were obtained following the procedure described by Oliveira et al. (2016)
from 158 elite maize lines obtained from Cimmyt and Embrapa, which were divided in 12 groups
according to origin and time to maturity. The checks were the commercial varieties Ipanema and
AL Avaré. AL Avaré features high resistance to lodging and high yield potential, while Ipanema is
known by having a high developed root system.

The two different experiments consisted of cultivating the 14 maize varieties in two soils
with contrasting N availability, low and high, in each period. All experiments were fertilized
with 24 kg ha−1 N, 84 kg ha−1 P2O5 and 48 kg ha−1 K2O at sowing, using the formula 08–28–16
as source. In addition, the high N experiments were covered with 120 kg ha−1 of N via urea,
applied continuously next to the seeding line during the growth stage of 4–5 fully expanded
leaves. The 2016/2017 experiment also received 25 kg ha−1 KCl due to low potassium level,
besides cover N fertilization.

The experiments followed a randomized complete block design, with five replicates. Each plot
consisted of two 5 m-long rows, spaced 0.5 m between rows and 28 cm between plants in the row,
totaling 28 plants per plot. The plant density obtained was 56,000 plants ha−1. In 2015/2016
experiment seeds were sown on 18 November 2015, and harvested on 15 April 2016, while in
2016/2017 experiment seeds were sown on 23 November 2016, and harvested on 27 March 2017.
Supplementary irrigation was not needed, since all the water requirement was supplied by the
rainfall (Table 1).

Traits evaluated and statistical analyses

At flowering, chlorophyll content index was measured at the middle third of the leaf above the ear
using the CM-200-Opti-Sciences equipment. At maturity, lodging (broken below the ear or leaning
more than 45 degrees from the vertical) was recorded for each plot and expressed as percentage of
the total number of plants in the plot. After physiological maturity, the ears of both rows of the
plot were hand-harvested; the kernels were separated and weighed to determine moisture con-
tent. The grain yield was adjusted to 13% grain moisture and corrected by covariance of ideal stand
for 56,000 plants ha−1. Prolificacy was given by the ratio between total number of ears per plot and
number of plants per plot.
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Data were tested for normality (Cramer-von Mises normality test) using the R software (Core
Team 2017), and no transformation was needed. Individual analysis of variance was carried out for
each experiment separately to verify the uniformity of residual variance, followed by joint analysis
of variance, considering year, N availability and variety as fixed effects. Tukey test was used to
compare the means, and t test was used to compare variety individual performance between N
levels. All these statistical analyses were performed using the PROC GLM procedure from SAS™
version 9.2 (SAS Institute, Inc 2009).

The characterization of the varieties was made using a multivariate approach to determinate the
‘ranking genotypes’, considering all traits in a genotype-by-trait (GT) biplot model, using standar-
dized values of the traits. The traits were considered as the tester and the cultivars as entries. For
lodging, it was used the percentage of non-lodged plant, allowing the selection of varieties with
the highest value for all traits. This analysis used the model described by Paramesh et al. (2016).
The GT Biplot was constructed using the package ‘GGEBiplotGUI’, test-centered and based on
genotype metric preserving (row metric preserving).

Results

Analysis of variance and means comparison

The coefficient of determination (R2), for chlorophyll content index, lodging, prolificacy and grain
yield was higher than 0.80 (Table 2), value considered as ideal according to Cargnelutti Filho and
Storck (2007).

Only the effects of N levels, variety, and their interaction were considered in the analysis of
variance since the year had no effect on the variety × N level interaction. Nitrogen level signifi-
cantly influenced the chlorophyll content index at flowering but had no effect on the other traits.

Table 2. Summary of the joint analyses of variance for chlorophyll content index (CCI), lodging (LOD), prolificacy
(PROL) and grain yield (GY) of 14 maize varieties in two years, under high and low nitrogen availability.

Mean squares

Source DF CCI LOD PROL GY

Nitrogen (N) 1 156.11* 12.01ns 0.0476ns 341252ns

Variety (V) 13 347.39** 202.08** 0.147** 12,543,587**
N × V 13 22.11ns 31.56ns 0.012ns 278166ns

Error 224 36.74 23.66 0.016 529,568
R2 - 0.90 0.89 0.90 0.96

**, * e ns: significant at 1%, 5% and non-significant by the F test, respectively. R2: coefficient of determination

Table 1. Results from the soil analyses of layer 0–20 cm, performed before the installation of the
experiment, and accumulated rainfall during the conduction of the experiment.

Soil parameters 2015/2016 2016/2017

pH (CaCl2) 6.3 5.5
Organic matter (g dm−3) 25.5 25.0
P (resin) (mg dm−3) 32.0 35.0
S (mg dm−3) 5.5 12.0
H + Al (mmolc dm

−3) 24.5 15.0
K (mmolc dm

−3) 4.7 3.1
Ca (mmolc dm

−3) 43.0 36.0
Mg (mmolc dm

−3) 15.5 15.0
CTC (mmolc dm

−3) 97.7 69.3
V (%) 73 78
Accumulated rainfall
From sowing to cover fertilization (mm) 387.4 127.2
From cover fertilization to flowering (mm) 479.9 261.8
From flowering to physiological maturation (mm) 357.3 301.6
Total rainfall (mm) 1,224.6 690.6
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The varieties differ significantly for all traits, but there was no interaction between varieties and N
levels (Table 2).

Chlorophyll content index of all varieties was 2% higher for high N level compared to low N. The
chlorophyll content index ranged from 50.48 to 67.15 among the studied varieties. Tukey test
differentiated four varieties with significant higher chlorophyll index values, including check
Ipanema, above 61.70, while five varieties had indices lower than 56.73. The varieties with the
lowest values included the AL Avaré check (Table 3).

Average lodging was 4.89% and not affect by N level. Five experimental varieties had the
highest percentage of lodged plants, ranging from 11 to 7%. The lowest lodging percentage,
2%, was observed for AL Avaré and similar to 50% of the experimental varieties and the other
check, Ipanema (Table 3).

Similarly, N level did not affect prolificacy, and the plants produced, on average, one ear per
plant for both N levels. Also, prolificacy ranged between 0.94 and 1.28 for varieties G and I,
respectively. The checks presented intermediate values of 1.08 and 1.00 for AL Avaré and
Ipanema, respectively (Table 3).

Also, nitrogen level did not affect grain yield, which was of 5,633 kg ha−1, and the varieties
showed values ranging from 4,373 kg ha−1 to 6,681 kg ha−1. The checks and 42% of the experi-
mental varieties had grain yield up to 5,904 kg ha−1, whereas the other varieties had values at least
603 kg ha−1 lower (Table 3).

Overall, N level did not affect chlorophyll content index, prolificacy and grain yield of the
studied varieties, when comparing within each variety; however, it affected lodging of some
varieties. The lodging percentage of variety K increased (p < 0.05) by 58% under low N, while
variety L decreased (p < 0.01) by 49% in the same condition (Figure 1). The other varieties were not
affected by N level.

GT biplot

The mean performance of chlorophyll content index, percentage of non-lodged plants, prolificacy and grain
yield under low N levels were used to identify the varieties with the best performance.

The principal components PC1 and PC2 described as AXIS 1 and AXIS 2, respectively, explained 83.23% of the
total variation observed among the traits (Figure 2). The varieties considered as ideal were varieties D and E,
allocated at the innermost concentric circle with an arrow, followed by the check AL Avaré. The check Ipanema

Table 3. Means of chlorophyll content index (CCI), lodging (LOD, %), prolificacy (PROL, nº) and grain yield (GY, kg ha−a)
of 14 maize varieties in two years, under high (HN) and low (LN) nitrogen availability.

CCI LOD PROL GY

Nitrogen LN 57.58 4.68 1.00 5,598
HN 59.08 5.10 1.03 5,668

Variety A 57.22 bca 2 e 1.03 bc 6,297 a
B 54.22 cd 2 e 1.04 bc 6,194 a
C 56.73 bcd 4 cde 1.05 bc 6,224 a
D 57.20 bc 2 e 0.96 bc 6,587 a
E 58.17 bc 2 de 0.97 bc 6,570 a
F 61.77 ab 9 ab 1.01 bc 5,014 cd
G 58.68 bc 7 abcd 0.94 c 4,789 cd
H 67.15 a 3 cde 1.00 bc 4,987 cd
I 50.48 d 11 a 1.28 a 4,959 cd
J 54.42 cd 3 cde 0.95 bc 4,373 d
K 62.54 ab 8 abc 0.97 bc 4,982 cd
L 60.18 bc 8 abc 0.96 bc 5,301 bc
AL Avaré 56.15 bcd 2 e 1.08 b 6,681 a
Ipanema 61.70 ab 4 bcde 1.00 bc 5,904 ab

Standard error 0.43 0.38 0.009 74.74
aMeans followed by the same letter did not differ based on Tukey’s test.
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was allocated in the seventh concentric circles. Among all studied varieties, 58% are outside the concentric
circles and considered as “non-ideal”. Grain yield and percentage of non-lodged plants were the traits that
most affected the varieties.

Discussion

R2 values obtained indicate that variability is due to genotype, and not to environment, as well
good experimental precision (Cargnelutti Filho and Storck 2007) and a high probability of selection
on genetic traits that may be heritable.

Nitrogen is an essential nutrient that plays a key role in the chlorophyll content, as part of the
molecule itself and in its synthesis (Wasaya et al. 2017) and therefore, the chlorophyll index is
expected to increase when N levels in the soil are high. Wei et al. (2016) evaluated the response of

Figure 1. Means of lodged plants (%) of 14 varieties under low level (LN) and high level (HN) of nitrogen.
** and*: significant at 1% and 5% by the F test, respectively. Av: AL Avaré. Ipa: Ipanema.

Figure 2. A vector view of genotype x trait biplot showing the ranking of 14 maize varieties for chlorophyll content index (CCI),
percentage of non-lodged plants (NLOD), prolificacy (PROL) and grain yield (GY) under low nitrogen availability.
Av = AL Avaré. Ipa = Ipanema.
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maize to field conditions with and without N fertilizers and reported that the leaf chlorophyll
concentration decreased under low N compared to high N. To this end, the increase in chlorophyll
content also indicates that the N applied in this study was able to distinguish between the
environments for this trait.

Because chlorophyll plays a major role in photosynthesis, higher values of chlorophyll index are
often associated with higher grain yield. Széles et al. (2012) reported strong positive phenotypic
correlation between chlorophyll content at flowering and grain yield, and between N levels and
chlorophyll content. Al-Naggar et al. (2015) studied the effect of four increasing N doses on
chlorophyll content index, also measured by CCM-200, and on grain yield per plant of 15 diallel
maize crosses, and found values ranging from 28.9 to 56.4 for chlorophyll index and 87.8 to 163.8 g
per plant for grain yield. Despite the effect on chlorophyll content index, the different N levels used
in this study were not sufficient to affect the other traits studied.

Considering only the genotypic effect, the varieties studied showed difference for all traits.
Genotypic variability among quantitative traits of different maize genotypes have been widely
reported (Serpolay-Besson et al. 2014; Yang et al. 2016), and it is a prerequisite for the selection
process.

Interaction between maize hybrids and N levels are shown in many studies, indicating that these
genotypes are recommended for high or low N environments (Han et al. 2015). However, Semagn
et al. (2014) demonstrated that the open-pollinated varieties are constituted by a high number of
genotypes leading to large variability within the population, implying in high ability to maintain
performance across multiple environments (Mansfield and Mumm 2014). In this case, the complex
structure of the varieties confers the ability to maintain the average performance, regardless of N
level, contrary to what happens for hybrids. Likewise, Ferro et al. (2007) studied maize landraces
and observed no differences on individual means when N was applied to the crop, evidencing that
populations constituted by a large number of genotypes are usually less responsive to environ-
mental changes. The results of this study support the finding described by Ferro et al. (2007), since
N had no effect on the individual means of the varieties.

Nitrogen application can increase lodging-resistance, but this effect is not absolute for all
genotypes. Shi et al. (2016) evaluated the effect of different N rates on maize genotypes and
reported that N can improve the quality of the stalk, which leads to higher lodging-resistance, but
this effect was observed only for the lodging-susceptible genotype. On the other hand, N applica-
tion can increase plant height (Carpici et al. 2010), which also increases lodging.

The differential performance for chlorophyll content index, lodging, prolificacy and grain yield
indicates a significant difference between the studied varieties. Usually, open-pollinated varieties
are obtained by population breeding methods that increase the frequency of favorable alleles
maintaining the genetic variability (Avdikos et al. 2011), and the selection is made under high N
conditions (Badu-Apraku et al. 2012). Therefore, it is expected that the checks have a high
frequency of favorable alleles, but the superior performance of the experimental varieties under
low N suggests a higher frequency of these alleles.

The multivariate analysis showed that prolificacy and chlorophyll content index contributed less
to discriminate the varieties compared to percentage of non-lodged plants and grain yield. These
results contradict what is mentioned in the literature, where prolificacy is considered as an
important secondary trait to improve selection in maize breeding programs targeting low-N
environments (Bänziger and Lafitte 1997). The explanation is the reduced spacing between rows,
that decreases the prolificacy in maize (Maddonni and Martínez-Bercovich 2014).

The success of maize breeding depends on maintaining the genetic variability. Talabi et al. (2017)
evaluated the genetic variance and predicted gain under cycles of selection of 250 maize progenies,
concluding that the lack of genetic variability is leading to slow selection progress under low N, and
that it is necessary to introgress new genotypes with favorable alleles to ensure progress from
selection. Thus, the varieties identified as superior could be used as source of variability under low N
conditions or as commercial cultivars indicated for areas with low N availability.
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Conclusions

We conclude that grain yield and lodging are the most suitable traits to characterize the varieties
under low N level, since chlorophyll content index and prolificacy had little influence to explain the
variability in the evaluated genotypes. Nitrogen level had no effect on the individual performance of
varieties, except for lodging, which can increase or decrease under high N level depending on the
genotype. All varieties were considered adequate for cultivation under low N since their performance
is not affected by N availability, but only 17% of the studied varieties were superior than checks due
to increased percentage of non-lodged plants and increased grain yield. Therefore, these varieties
can be used as source of variability for extracting inbreed lines or developing inter-varietal hybrids
with increased chlorophyll content index, prolificacy and grain yield and low lodging-susceptibility,
but further studies have to be conducted to evaluate the effect of the genes associated with these
traits, in order to determine the more appropriate breeding strategy.
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