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Abstract: The highly variable weather under changing climate conditions affects the establishment
and the cutoff of crop growing season and exposes crops to failure if producers choose non-adapted
relative maturity that matches the characteristics of the crop growing season. This study aimed to
determine the relationship between maize hybrid relative maturity and the grain yield and determine
the relative maturity range that will sustain maize production in northwest New Mexico (NM).
Different relative maturity maize hybrids were grown at the Agricultural Science Center at Farmington
((Latitude 36.69◦ North, Longitude 108.31◦ West, elevation 1720 m) from 2003 to 2019 under sprinkler
irrigation. A total of 343 hybrids were grouped as early and full season hybrids according to their
relative maturity that ranged from 93 to 119 and 64 hybrids with unknown relative maturity. The crops
were grown under optimal management condition with no stress of any kind. The results showed
non-significant increase in grain yield in early season hybrids and non-significant decrease in grain
yield with relative maturity in full season hybrids. The relative maturity range of 100–110 obtained
reasonable high grain yields and could be considered under the northwestern New Mexico climatic
conditions. However, more research should target the evaluation of different planting date coupled
with plant population density to determine the planting window for the early season and full season
hybrids for the production optimization and sustainability.

Keywords: relative maturity; maize hybrids; grain yield; semiarid climate

1. Introduction

Maize (Zea mays L.) is the most widely grown cereal across the world and the United States is the
largest producer of maize, with a total production of 302.64 million tons in 2019 [1]. Maize growth and
development duration is an important factor that may impact crop yield and yield component [2,3].
Temperature exigence of maize usually delays the plant window which varies across the agroecological
and climatic zones across the United States. Several studies were conducted to determine maize
base temperature and it was found to be 9.8 ◦C [4]. The base temperature is the minimum threshold
temperature bellow which no crop growth occurs. The growing season is variable across the climatic
zones and maize breeders are making effort to develop maize hybrids to match the climatic environment
while maintaining high grain yield. Wilkens et al. [5] defined maize maturity as maize grain filling
stage end with the maximum kernel weight reached and the black layer is developed near the tip
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end of the kernel. Hybrids are classified as early, mid, and long season maturing according to their
relative maturity. Duvick [6] found that the long relative maturity hybrids delay their senescence
and Richards [7] stated that these types of hybrids have longer photosynthetic duration and produce
more biomass. The early season or short duration hybrids tend to produce less biomass as compared
to the full season hybrids [8,9]. Lauer [10] reported that maize hybrid with relative maturity of
80–95 days produced 3.61 Mg/ha of yield less than the 100–115 days’ relative maturity maize hybrids.
Wilkens et al. [5] found that forage maize stover yield and ethanol yields increased linearly with hybrid
relative maturity. Darby and Lauer [11] found no significant differences in stover yield between the
short and long season forage maize hybrids while the full season hybrids showed higher yield than the
short season hybrids. Evans et al. [12] reported that the growing conditions impacted the number of
ears per plant and Abendroth et al. [13,14] indicated that the mid-season growing conditions influence
the number of kernels per ear. Novacek et al. [15] found that the late season conditions affect the kernel
weight at physiological maturity.

Weather conditions determine crop planting and producers can go out of their normal planting
window due to unfavorable weather conditions. The relative maturity will play a fundamental role
for successful crop production. Prevailing weather conditions, crop planting date and the relative
maturity are therefore determinant for crop actual yield [16]. Staggenborg et al. [17] found that the
early planting of the full season maize yielded greater than the late planting and the early planting
of the early season maize obtained greater yield than late planting. Richards [18] reported that early
planting of the full season crops has the high potential for higher yield while other factors such as
nutrient deficiency, in-season drought spell, heat stress and other management practices can affect
crop yield [19]. Zhou et al. [20] found that late planted maize showed yield decline because of the
reduction in the growing season duration and the thermal unit accumulation [21]. Parker et al. [22]
reported that very early planting is subject to poor emergence due to the cold and wet soil conditions.
Baum et al. [23] found that 70% variability in maize grain yield was attributed to planting date and
yield stability was observed with only 10% of relative maturity, showing early season and full season
maize hybrids produced similar yields regardless of their planting date if they reached physiological
maturity before harvesting. Due to the aforementioned factors, there is a gap in knowledge regarding
the choice of the relative maturity hybrid maize (full season, mid-season and early season hybrids) to
be planted across the different agroecological and climatic zones. Air temperature is an important
factor for crop growth and development and its measurement helps in timely reference of crop growing
season period, the accumulated thermal units, spring frost that impacts crop planting window and fall
frost that affects crop maturity if late planted [24,25].

In northwestern New Mexico, the growing season duration varies with year and the freeze-free
period averages 163 days, with the shortest freeze-free period of 115 days and the longest with
193 days [25]; the first fall frost can be as early as 18 September and the last spring frost can occur
as late as in early June [25]. The highly variable and unpredictable weather in northwestern New
Mexico exposes crop producers to crop failure when inappropriate relative maturity crops are grown.
The objective of this study was to determine the long-term influence of maize hybrid relative maturity
on grain yield and identify the relative maturity range that will sustain maize production and minimize
crop failure in the northwest New Mexico high desert and high elevation conditions.

2. Materials and Methods

2.1. Study Area

This study was conducted at the New Mexico State University (NMSU) Agricultural Science
Center (ASC) at Farmington (Latitude 36.69◦ North, Longitude 108.31◦ West, elevation 1720 m) for the
2003–2019 period. Minimum temperature (Tmin), maximum temperature (Tmax), minimum relative
humidity (RHmin), maximum relative humidity (RHmax), wind speed (U2), and solar radiation (Rs)
were collected on a daily basis from an automated weather station installed at the site by the New
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Mexico Climate Center. The spring last frost, fall first freeze, the spring last killing frost, the fall first
killing frost and the killing freeze free period of each year are summarized in Table 1. In addition,
the average mean, maximum and minimum temperatures for the center are presented in Figure 1,
and the average relative humidity and solar radiation are presented in Figure 2. The soil at the station
is basically a fine sandy loam soil with some small patches of Avalon sandy loam and Doak loam.
Soil moisture at field capacity varies from 29.7 to 32.5% and the soil moisture content at wilting point is
about 16%. The organic matter content of the soil is less than 1% and the soil pH varies between 7.8
and 8.3.

Table 1. Summary of freeze dates and number of consecutive freeze-free days at the NMSU ASC
Farmington research station during the 2003–2019 period.

Year Spring Last
Freeze

Fall First
Freeze

Freeze Free
Period

Spring Last
Killing Freeze

Fall First
Killing Freeze

Killing Freeze
Free Period

2003 11-May 27-Oct 168 8-Apr 27-Oct 201
2004 1-May 23-Oct 174 29-Mar 30-Oct 214
2005 22-Apr 31-Oct 192 21-Apr 15-Nov 207
2006 20-Apr 23-Sep 155 19-Apr 22-Oct 183
2007 7-May 7-Oct 153 19-Apr 7-Oct 171
2008 3-May 12-Oct 162 2-May 12-Oct 163
2009 27-Apr 22-Sep 147 16-Apr 2-Oct 168
2010 12-May 26-Oct 166 12-May 26-Oct 166
2011 3-May 8-Oct 157 2-May 28-Oct 178
2012 16-Apr 25-Oct 192 16-Apr 25-Oct 192
2013 3-May 5-Oct 154 3-May 17-Oct 166
2014 13-May 3-Nov 172 1-May 4-Nov 186
2015 10-May 28-Oct 170 17-Apr 6-Nov 202
2016 26-Apr 20-Oct 176 3-Apr 18-Nov 227
2017 19-May 25-Sep 130 10-Apr 15-Oct 189
2018 3-May 15-Oct 164 20-Apr 22-Oct 178
2019 20-May 8-Oct 141 14-Mar 10-Oct 209
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Figure 1. Trend in the daily average mean, maximum and minimum temperatures for 2003–2019 period
at the Agricultural Science Center at Farmington, New Mexico.
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Figure 2. Trend in the daily average relative humidity and solar radiation for 2003–2019 period at the
Agricultural Science Center at Farmington, New Mexico.

2.2. Crop Management

Selected numbers of hybrid maize grouped according to their relative maturity date as early season
and full season were tested each year; however, only early season hybrids were evaluated during the
2012, 2013 and 2014 growing seasons. Out of a total 407 maize hybrids evaluated, 343 hybrids had
relative maturity comprise between 93 and 119 days (Figure 3) and 64 hybrids had unknown relative
maturity. For each study year, the selected hybrids were arranged in a split plot design with four
replications. The main plots were attributed to the relative maturity class (early season or full season)
and the subplots were randomly attributed to the hybrids.Agriculture 2020, 10, x FOR PEER REVIEW 5 of 11 
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Figure 3. Maize maturity observations and their occurrence frequency for the 2003–2019
experiment period.

Maize planting dates, harvest dates, applied fertilizer and total water use (precipitation + irrigation)
are summarized in Table 2. Experimental unit plot was 3 m wide and 6.1 m long and consisted of four
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rows of maize planted at a density of 89,000 plants per hectare. The plots were sprinkler irrigated
through center pivot irrigation system based on actual maize evapotranspiration. Daily maize actual
evapotranspiration was estimated as the product of the daily United Nations Food and Agriculture
Organization (FAO) Penman–Monteith reference evapotranspiration (ETo) by maize crop coefficients,
kc (ETc = kc × ETo). Daily FAO Penman-Monteith ETo values were estimated using the climate
variables measured and monitored on site by an automated weather station. The experiment was
rotated among different center pivots at the experiment station and the applied fertilizer rates were
based on soil tests following the New Mexico State University fertilizer recommendations.

Table 2. Planting date, harvest date, applied fertilizer and the total water use for each maize growing
season for the study period.

Year Planting
Date

Harvest
Date

Applied Fertilizer (N,
P2O5, K2O, ZnS) (kg/ha)

Precipitation
(mm)

Irrigation
(mm)

Total Water
Use (mm)

2003 14-May 3-Dec 168-58-67-0 61.0 751.8 812.8
2004 13-May 21-Dec 242-87-34-0 144.8 741.7 886.5
2005 11-May 12-Dec 269-63-67-0 88.9 673.1 762.0
2006 17-May 7-Dec 223-58-67-7 111.8 685.8 797.6
2007 15-May 8-Nov 280-52-61-11 99.1 729.0 828.0
2008 14-May 20-Nov 258-54-68-4 45.7 640.1 685.8
2009 14-May 17-Nov 213-54-63-4 45.7 751.8 797.6
2010 12-May 1-Dec 269-58-67-0 106.7 777.2 883.9
2011 11-May 28-Nov 252-84-101-34 114.3 967.7 1082.0
2012 15-May 5-Nov 285-58-67-11 50.8 828.0 878.8
2013 14-May 5-Nov 312-87-101-8 137.2 685.8 823.0
2014 14-May 13-Nov 303-123-185-8 110.5 1002.5 1113.0
2015 15-May 24-Nov 240-58-7-6 147.8 823.0 970.8
2016 - - - - - -
2017 15-May 16-Nov 269-66-68-0 116.8 551.2 668.0
2018 21-May 17-Dec 231-215-179-17 73.7 1092.2 1165.9
2019 17-May 6-Nov 345-87-34-2.4 83.8 825.5 909.3

About 30% of the total applied N, 100% of the total applied P2O5 and 100% of the total applied
K were applied as dry fertilizer before planting, and Urea Ammonium Nitrate (UAN, 32%) liquid
nitrogen was applied as top dressing through fertigation. The plots were followed and the tasseling
and silking dates recorded. At physiological maturity, plant height and ear height were measured.
At harvest, the two central rows were combine harvested and the plot weight and the grain moisture
content were measured. The plot weight was extrapolated into yield (kg/ha) after adjusting the grain
moisture content to a standard moisture content of 14%.

2.3. Statistical Analysis

The hybrids with unknown relative maturity were removed from the hybrid list; in addition,
test plot was not harvested in 2016 due to an irrigation main line breakdown that put crops under severe
drought stress, making them unproductive. The analysis of variance (ANOVA) was performed to
analyze maize hybrid yield data using CoStat software (CoHort Software, Monterey, CA, USA) and the
mean grain yields were cross-paired and compared using Fisher’s protected least significant difference
(LSD) at 95% level of probability to identify significant differences between hybrid relative maturities
and the production years. Regression analysis was also performed to develop the relationships between
maize hybrid relative maturity and grain yield. Similar relationships were developed between maize
plant height and ear height. The coefficient of determination R2 was used to quantify the fitness of
the relationships.
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3. Results and Discussion

3.1. Relationship between Maize Hybrid Yield and the Relative Maturity

The analysis of the variance revealed highly significant effects of the year of production and
the relative maturity on maize grain yield (Table 3). The coefficient of variation of the yield from
2003 to 2019 was 12.67% which is reasonable and showed that the experiment was conducted over
the years with minimal variability. Average seasonal grain yield varied from 10,571 kg/ha obtained
at the relative maturity of 119 days, to 15,340 kg/ha obtained at the relative maturity of 117 days,
which showed statistically similar yield as relative maturities 108, 107, 114, 105, 109 and the non-listed
maturity hybrids. However, these extreme yields were registered for only one hybrid in each case
(LSD0.05 = 4603). The relative maturities 108 and 107 with the 10 and 8 hybrids, and ranked second
and third, respectively, could be considered as first choice by maize producers in the study area.
This maturity range could be expanded to 103, 104, 109, 110, 114, and 115 for high grain yield (Figure 4).
However, the weather conditions during maize growing season may impact the decision of timely
planting. Early planting of these maize hybrids may impact their photosynthetic active radiation
efficiency, the accumulated heat units and their productivity. The very early season hybrids with
relative maturity less than 100 might not be considered due to their low grain yields. Also, the full
season hybrids with relative maturity of 118 and 119 or greater might not be considered for the study
area because they might be subject to early fall frost which may occur when these hybrids are not at their
physiological maturity, impacting grain yield and grain quality. Even if maize could be planted earlier
than actually practiced, there are challenges such the late spring frost after the daily air temperature
is greater than maize base temperature and the non-availability of irrigation water until mid-April
versus the very low moisture occurring from the winter and spring precipitation in the northwestern
desert region of New Mexico and the neighboring states where rainfed production is not feasible.

Table 3. Summary of the analysis of variance (ANOVA) of the effect of relative maturity and year on
grain yield.

Source df Type III SS MS F P Significance

Main Effects
Year 15 1,895,515,873 1.264 × 108 46.134 0.0000 ***
RM 27 172,733,315 6,397,530.2 2.336 0.0003 ***
Error 364 997,045,646.9 2,739,136.4

Total 406 3,228,894,413
Model 42 2,231,848,766 53,139,256 19.400 0.0000 ***

RM = relative maturity, df = degree of freedom, SS = sum of squares, MS = mean square, F = test statistics,
P = p value, *** = significant at p value of 0.001.
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Maize grain yield varied with year (LSD0.05 = 1456) and the annual average yield ranged from
8942 kg/ha in 2008 to 17,122 kg/ha in 2010, which is statistically equal to the yield obtained in 2011
and 2019. The variation in grain yield with years might be due to the differences in the intrinsic
yield potential of different lots of plant material that changed from year to year with similar relative
maturities, climatic conditions even if the crops were under optimal irrigation conditions, and some
management practices while the efforts were made with the best agricultural practices. However,
considering ideal crop, fertilizer and water management throughout years, the main factor should
yield potential of the hybrids which consistently changed throughout the years. The results of this
study are in agreement with several studies conducted across the temperate zones. Baum et al. [23]
reported that extending maize vegetative phase up to 23 July usually resulted in higher grain yields
when the plants are under no stress of any kind such as nutrient deficiency, water stress, and killing
frost in Iowa, and when silking occurred after that date, the grains are not well filled due the cooler
temperatures and low quality and quantity solar radiation as reported by Cirilo and Andrade [26]
(Figures 1 and 2).

Overall grain yield increased with relative maturity for the early season maize hybrids while it
slightly decreased with the relative maturity for the full season maize hybrids (Figure 5), however,
there was non-consistent yield-relative maturity during the study period as shown in Figure 6.
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This result is in agreement with Battel [27] who found that maize yield increased linearly
with increasing relative maturity from 90 to 105. Norwood [28] reported that in western Kansas,
maize relative maturities less than or equal to 104 are recommended to minimize yield reduction.
Battel [27] found that there are some early season hybrids which yield significantly higher than the full
season hybrids and mature earlier than the late season hybrids [29]. Relative maturity affects plant
population relationship with grain yield. Yang et al. [30] indicated that early season hybrid maize
showed higher increased yield with increasing plant population than the full season hybrids [31].
The results of the present study are in contrast to Wang et al. [32] who found that there is high
probability for the full season hybrids generally to produce higher yields than early season hybrids,
while full season hybrids showed 33% of chance to produce higher yield less than early ones.
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3.2. Relationship between Maize Grain Yield and Ear Height and Plant Height

Plant height varied with the relative maturity and ranged from 170.2 to 312.4 cm for the early
season hybrids and from 195.6 to 304.8 cm for the full season hybrids. The average plant height was
248.3 cm for the early season hybrids and 257.2 cm for the full season hybrids. Maize ear height varied
from 55.9 to 146.2 cm and from 53.3 to 152.4 cm for the early and full season hybrids, respectively.
The average ear height was 104.8 and 106.6 cm for the respective early and full relative maturity
maize hybrids. Maize ear height was relatively strongly correlated to plant height with R2 values
of 0.67 and 0.65 for the full season and early season hybrids respectively, as shown in Figure 7.
There was non-significant positive correlation between grain yield and maize ear height (R2 = 0.039)
and plant height (R2 = 0.166) for early season hybrids (Figure 8) while maize grain yield showed
non-significant negative correlation with ear height (R2 = 0.024) and non-significant positive correlation
with plant height (R2 = 0.002) for full season hybrids (Figure 8). These results are in agreement
with Wu et al. [33] who found non-significant correlation between plant height and maize grain yield.
However, Fernandez et al. [34] reported that plant height is an important factor that affects maize yield
as it affects plant resistance to lodging, plant architecture and biomass production. Duvick [6] reported
that maize breeding targeting moderately short maize hybrid allows increase in plant population
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density. Yang et al. [35] found that reducing ear height and increasing plant height and ear height ratio
have the potential to increase total biomass accumulation. Xing et al. [36] indicated that plant height
and other architecture components modification with no influence on grain yield is one of the key
factors in developing cultivars for compact planting. The negative correlation between plant height and
grain yield in full season hybrids is similar to the findings of Sreckov et al. [37] and Sumathi et al. [38].
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4. Conclusions

This long-term experiment revealed that relative maturity showed a non-significant impact on
hybrid maize grain yield, however, the very early season and the very late full season hybrids had
low grain yield. Grain yield increased non-significantly with the relative maturity for the early season
hybrids when it showed non-significant negative trend with the relative maturity for the full season
hybrids. The medium duration hybrids with relative maturity range of 100–110 might be considered
under the actual planting dates and management practices in the study area. Producers may switch
from long relative maturity hybrids to early season hybrids to increase the probability to crop maturity
before the fall killing frost and plant maize earlier than usual as the late spring frost might not kill the
young maize seedling because their growing point should still be underground when the frost occurs.
Under the changing climate with variability in the onset and offset of the growing season, additional
research should be performed to determine the planting window and plant density for the early and
full season maize hybrids for the production optimization and sustainability.
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