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Abstract 
 
Choosing maize hybrids is one of the most important decisions a farmer makes each year, the yield potential, disease 
resistance and herbicide/pest resistance being the main factors that need to be addressed and balanced. Also, a key 
factor in the choice of the maize hybrid is its earliness. In stress environments, stable genotypes are valuable for their 
predictable and consistent yields. In the period 2020-2023, on the chernozem from Caracal located in South Romania, 
an assortment of maize hybrids was tested, the precocity-production relationship being studied. The obtained results 
showed that in years favorable to maize cultivation, hybrids from the FAO groups 260-340, 340-390 and 400-460 can 
be grown on the black soil from Caracal in South Romania with similar results. If there are also unfavorable years, 
considering that we cannot know from the beginning what the weather will be like, it is preferable to cultivate hybrids 
from the FAO groups 260-340 and 350-390. 
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INTRODUCTION 
 
Maize crops are of particular importance, as 
maize kernels are used for human consumption, 
as animal feed and also as raw material in 
industry. According to FAO data, 
approximately 21% of world production is used 
in human food, 72% in animal feed and 7% as 
raw material in the food industry (Stoica, 
2020). 
Maize earliness refers to the period between the 
date of sowing and the date of harvest, this 
being a key factor in the choice of the maize 
hybrid. It is important to consider the early 
ripening period and soil conditions in the 
region. The later the maize hybrid, the longer 
its growing period. The degree of maturity of 
maize (Zea mays L.) hybrids, usually grown in 
central and northwestern Romania, varied from 
FAO 100 to 400 (Haș et al., 2012). Late stock 
normally shows too much moisture at harvest 
and then presents storage problems. This 
severely limits the scope of germplasm that can 
be used in a breeding program located in the 
area. Selection for early flowering and low 
moisture at harvest adapts the material to areas 
requiring earlier maize (Ortiz et al., 2008). 

Obtaining maize hybrids which, among other 
characteristics, must also be early is an 
important concern of maize breeders. Early 
maize must grow faster and mature earlier in 
cooler conditions than late maize to produce 
mature kernels in a shorter time. Early maize 
grows faster, especially in the spring when the 
weather is cool. The maturity zones are based 
on the useful degrees (GDU) accumulated 
during the frost-free period: GDU = [Max 
Temp (≤ 30oC) + Min Temp (≥ 10oC)]/2 – 
10oC. 
In northern and premontane areas, due to 
limited thermal resources, precocity is 
necessary to reach maturity (Cristea, 2004; 
Căbulea et al., 1999). In southern areas, 
earliness is used to alleviate the moisture stress 
of late drought by sowing earlier and earlier. 
Maize can be grown under different 
environmental conditions, but nevertheless, its 
production is strongly influenced by genotypes, 
technologies (rotation, earliness and sowing 
date) and their interaction (Ali et al., 2017). 
Maize is sensitive to drought at almost all 
growth stages, but is most sensitive during the 
flowering period (Spitkó et al., 2014). Thus, 
when a water deficit occurs at flowering, there 
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is a delay in spike growth and then silk 
emergence (Edmeades, 2013). 
In stress environments, stable genotypes are 
valuable for their predictable and consistent 
yields. However, such stability would be less 
valuable in a less stressed environment, where 
genotypes through their adapted responses 
could produce higher yields, taking advantage 
of favorable environmental conditions (Kusmec 
et al., 2018). Genotype is the hereditary 
makeup of an individual and its performance is 
based on the ecosystem in which it is placed 
(Andorf et al., 2019). 
Choosing maize hybrids is one of the most 
important decisions a farmer makes each year. 
Yield potential, disease resistance and 
herbicide/pest resistance are the main factors 
that need to be addressed and balanced. 
Another important factor is relative maturity. A 
hybrid can take more advantage of the available 
heat units and produce more, contrary to what 
its earliness group foreshadowed (Stefan et al., 
2018). 
Growers may choose hybrids of different 
relative maturity for various reasons. Michigan 
State University recommends choosing a 
hybrid with varying relative maturity to use 
flowering and pollination as a drought shield 
and to vary harvest dates. Usually, not all 
hybrids from the same FAO group are chosen 
because sometimes the spring or summer can 
be particularly cool or a frost can set in earlier. 
Silva et al. (2022) evaluated seven maize 
hybrids from different seed companies/ marke-
ters to study the effect of water and nitrogen 
deficit on grain yield and yield components. 
The hybrids tested were DK619, Lerma, 
NK703, Rio Cisnes, Rio Maipo, Rio Negro and 
Rio Trancura. Hybrids were arranged in 
randomized blocks with 4 replicates. Plot size 
was 18 m2 (four rows spaced 0.75 m x 6 m 
long). The main differences in production 
showed that the influence of the environment 
(SE=1,054 kg/ ha) was greater than that caused 
by the hybrid (SE=240 kg/ha). Production 
varied between 12,802 and 16,572 kg/ ha. 
Differences in grain yield were associated with 
biomass (r = 0.89; p = 0.008) and number of 
grains/m2 (r = 0.70; p = 0.080). Water stress and 
nitrogen stress caused a 72% and 57% decrease 
in production compared to the production from 
the non-stress environment (Silva et al., 2022). 

Based on the results recorded in the United 
States (Kansas), Araya et al. (2017) concluded 
that maize production will decrease in the 
coming years, on average by 18-33%. The 
shortening of the maize vegetation period (9-
18% reduction in days to maturity), due to high 
temperatures, could cause a decrease in 
production. 
Studies carried out in Turda recommended 
earlier sowing as a technological measure to 
reduce the influence of high temperatures, 
considering that in this way the plants would 
more effectively use the existing water reserve 
in the soil, from the first months of the year 
(Haș et al., 2021). 
  
MATERIALS AND METHODS 
 
In the period 2020-2023, on the chernozem 
from Caracal in South Romania, numerous 
maize hybrids from globally recognized seed 
producing companies were tested - BASF, 
Biocrop, Corteva, Donau Saat, KWS, Lidea, 
MAS Seeds, Saaten Union, Syngenta and with 
vegetation periods placed in almost all FAO 
earliness groups. 
From a climatic point of view, the years 2020, 
2021 and 2023 were favorable for maize 
cultivation, but the year 2022 was extremely 
dry and the hybrids placed in the FAO 400-490 
group and above FAO 500 had extremely low 
productions. 
The precocity-production relationship was 
studied through the lens of correlations 
between production and humidity at harvest, 
production and classification in the FAO group, 
production and its coefficient of variability 
within the FAO groups, but also by calculating 
the differences in production using the 
Newman-Keuls test. 
  
RESULTS AND DISCUSSIONS 
 
For the period in which the climatic conditions 
were favorable for maize cultivation, the 
Newman-Keuls test shows distinctly significant 
differences between the productions of hybrids 
belonging to the FAO 150-250 group and all 
other groups, between the FAO group greater 
than 460 and the hybrids from the FAO 260-
340 groups, 350-390 and 400-450, but does not 
show any difference between the productions 
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of the hybrids from the FAO 260-340 group 
and the 350-390 and 400-450 groups, nor 
between the 350-390 and 400-450 groups 
(Table 1). 
For the period in which the values from the 
year 2022 were also entered in the production 
average, a year in which the climatic conditions 
were extremely unfavorable, the Newman-
Keuls test allows a different interpretation. 
Distinctly significant differences were recorded 
between the yields of hybrids belonging to the 
FAO group greater than 460 and all other 

groups, as well as between the FAO 150-250 
group and hybrids from the FAO 260-340 and 
400-450 groups. The production differences in 
hybrids belonging to the 150-250 group and 
those from the 350-390 group, on the one hand, 
and those between the FAO 350-390 and FAO 
400-450 groups, on the other hand, are 
significant. There was no difference between 
the yields of the hybrids in the FAO 350-390 
group and the FAO 260-340 group, but also 
between the FAO 260-340 and 400-450 groups 
(Table 2). 

 
Table 1. Presentation of the results of the Newman-Keuls test for maize tested at Caracal –  

average of the years 2020, 2021 and 2023 (unfavorable year excluded) 

∗p < .05, ∗ ∗ p < .01 
 

Table 2. Presentation of the results of the Newman-Keuls test for maize tested at Caracal - average of the years 2020-
2023 (unfavorable year included) 

Experienced 
FAO Group 

Experienced FAO Group 
FAO > 460 
(25.36 q/ha) 

FAO 150-250 
(32.30 q/ha) 

FAO 350-390 
(37.67 q/ha) 

FAO 260-340 
(41.08 q/ha) 

FAO 400-450 
(42.43 q/ha) 

FAO > 460 
(25.36 q/ha) 0 6.94** 12.01** 15.72** 17.07** 

FAO 150-250 
(32.30 q/ha)  0 5.37* 8.78** 10.13** 

FAO 350-390 
(37.67 q/ha)   0 3.41ns 4.76* 

FAO 260-340 
(41.08 q/ha)    0 1.35ns 

FAO 400-450 
(42.43 q/ha)     0 
∗p < .05, ∗ ∗ p < .01 
 
We can conclude that in the years favorable for 
maize cultivation, hybrids from FAO groups 
260-340, 350-390 and 400-460 can be grown 
on the Caracal chernozem with similar results. 
If there are also unfavorable years, considering 
that we cannot know from the beginning what 
the weather will be like, it is preferable to 
cultivate hybrids from the FAO groups 260-340 
and 350-390. 

Research on new maize hybrids that differ 
significantly in characteristics related to 
earliness such as anthesis, silking, anthesis-
silking intervals as well as those related to 
physiological maturity (grain filling period and 
rate of their filling) were also studied by other 
researchers (David, 2008; Ibraheem and Abdel-
Moneam, 2015; Borozan et al., 2021). 

Experienced 
FAO Group 

Experienced FAO Group  
FAO 150-250 
(48.64 q/ha) 

FAO > 460 
(58.00 q/ha) 

FAO 260-340 
(70.37 q/ha) 

FAO 350-390 
(70.41 q/ha) 

FAO 400-450 
(73.63 q/ha) 

FAO 150-250 
(48.64 q/ha) 0 9.36** 21.73** 21.77** 24.99** 

FAO > 460 
(58.00 q/ha)  0 12.37** 12.41** 15.63** 

FAO 260-340 
(70.37 q/ha)   0 0.04ns 3.26ns 

FAO 350-390 
(70.41 q/ha)    0 3.22ns 

FAO 400-450 
(73.63 q/ha)     0 
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The most productive maize hybrids were those 
placed in the FAO 400-450 group, whose 
average in 2020 was 8097 kg/ha. At the 

opposite pole were the hybrids from the FAO > 
460 group whose average production was 338 
kg/ha (Figure 1). 

 

 
Figure 1. Average yields of maize hybrids tested at Caracal according to FAO group and year of testing 

 
The largest weight is the productions over 6000 
kg/ha registered in all FAO groups except 150-
250. In three of the groups, namely FAO 260-
340, FAO 350-390 and FAO 400-450, in 3 
years out of the 4 tests, the aforementioned 
productions were recorded. 
The extremes of the coefficients of variability 
were: 3.3% for productions in the FAO group 

150-250 and 76.8% for productions in the FAO 
group over 460, both in the year 2022. 
The coefficient of determination shows us that 
33% of the variability of the coefficient of 
variability is the consequence of the changes in 
the yields of the maize hybrids (Figure 2). 

 

 
Figure 2. The relationship between the production of maize hybrids - production variability coefficient 

 
In the case of the relationship between the 
production of maize hybrids and the humidity 
at harvest in 2021, the coefficient of 
determination shows us that 56% of the 

variability of humidity is given by the 
variability of the productions of maize hybrids 
(Figure 3). In the year 2023, this coefficient of 
determination is lower, so that 43% of the 
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variability of moisture at harvest is closely 
related to the variability of the productions 

obtained on the chernozem from Caracal 
(Figure 4). 

 

 
Figure 3. The relationship between the production of maize hybrids and the humidity at harvest in 2021 

 
The correlations clearly show that in 2 of the 4 
years tested, the relationship of yield with 
moisture at harvest was strongly negative. The 
later the hybrid was (high moisture at harvest) 
the less productive it was and vice versa. 
In the year 2021, the points representing the 
values of the obtained productions are almost 
uniformly distributed along the line 
representing the linear equation. The hybrid 
Corteva P9889 stood out, which at a high 

humidity (15.8%) obtained a relatively 
increased production (6661 kg/ha). 
In the year 2023, the hybrid Corteva P9911 
presented a positive deviation from the line 
showing the correlation, which, although it 
recorded a high moisture at harvest (17.8%), 
also had a high production (8040 kg/ha) 
(Figure 4). With such a production, it was 
expected that the hybrid would belong to an 
FAO group above 400, more precisely 
FAO 410. 

 

 
Figure 4. The relationship between the production of maize hybrids and the humidity at harvest in 2023 
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CONCLUSIONS 
 
In years favorable to maize cultivation, hybrids 
from the FAO groups 260-340, 350-390 and 
400-460 can be grown on the Caracal black soil 
with similar results. If there are also 
unfavorable years, considering that we cannot 
know from the beginning what the weather will 
be like, it is preferable to cultivate hybrids from 
the FAO groups 260-340 and 350-390. 
The extremes of the coefficients of variability 
were: 3.3% for productions in the FAO group 
150-250 and 76.8% for productions in the FAO 
group over 460, both in the year 2022. The 
variability was so diversified, from very stable 
to unstable, which suggests that it is extremely 
difficult to choose a performing hybrid with 
productive stability for the Caracal chernoziom. 
Following the correlations between yields and 
humidity at harvest, two maize hybrids from 
Corteva (P9889 and P9911) were highlighted 
which, although they showed high humidity, 
also recorded high yields. They thus broke the 
particularly strong but negative relationship in 
the sense that a hybrid with high moisture at 
harvest has a low yield. 
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