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Abstract

Due to climate modifications, extremely dry years are becoming more frequent in Romania, the Oltenia region being
one of the most affected areas. In this context, farmers must choose the most suitable hybrids for their farm, because
the level of grain yield and its quality depend on this choice. This study was designed to compare the phenology, grain
yield and associated traits of some maize hybrids belonging to two different maturity groups (4 semi-early and 4 semi-
late), under the combined effect of drought and heat in 2022. Experiences were placed under field conditions at
Agricultural Research and Development Station (ARDS) Simnic, the Oltenia region, Romania in a randomized block
design on a reddish brown soil. The obtained results showed that the maize hybrids from the semi-early maturity
group outperformed maize hybrids from the semi-late maturity group with a grain yield advantage of 865 kg/ha
(+30%). The semi-early hybrids Magnus (4,334 kg /ha) and DKC 4598 (3,814 kg/ha), closely followed by HSF 1180-
17 (3,719 kg/ha) were superior for grain yield compared to other hybrids, showing a good adaptability to extreme
drought conditions in the central part of Oltenia.
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INTRODUCTION inability to reduce/stagnate growth under water
stress conditions [19].

One of the basic cereals worldwide, including ~ The simultaneous occurrence of drought and

in Romania, is maize (Zea mays L.) crop,
which plays an important role in ensuring food
security.

For human nutrition, maize along with wheat
and rice provides about 30% of the food
calories for 4.5 billion people [23]. Globally, it
is considered that about 56% of dry grain
production is used for feed, 13% for food, and
a fifth for non-food uses [9].

Although Romania occupies a constant place
among the largest maize producers in the
European Union, due to drought, heat and
limited irrigation, the maize harvest fluctuates
significantly [11, 20]. For example, in
Romania, at the level of 2021 (a favorable year
for maize crop), the national production of
maize reached a level of 14.82 million tons, but
in 2022, due to the extreme drought, the level
decreased to 8.03 million tons [10].

Maize is a very sensitive plant to drought due
to its high water requirements, but also its

heat in the fields of farmers in Romania has
become more and more common. The most
recent extremely dry years from 1900-2022
were 2007, 2015, 2019, 2020, 2022, and the
summer of 2022 was the third warmest summer
since 1961 to date, with high temperatures
associated with insufficient precipitation
exacerbating the drought stress [16]. The
variation of weather from one area to another
and from one year to another is very different,
presenting serious risks to the production of
agricultural crops. In this context of current
climate changes, emphasis is placed on
improving the ability of maize to adapt to
adverse climatic conditions [12].

Oltenia is an agricultural region in
southwestern Romania, important for maize
crops. The frequent occurrence of drought in
this area has shown serious consequences on
maize yield [2, 3, 8].
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Grain vyield is the objective with the greatest
contribution to the economic efficiency of
maize crop, to its increase contributing the
tolerance to abiotic, biotic and technological
factors, balanced development of plants, and
expression of yield traits [7].

Depending on the time of occurrence, duration
and intensity of the drought, yield losses in
maize vary between 15-70% [2, 3, 17].
Therefore, information is needed on the
evaluation of maize hybrids to select the best

adapted to drought.

The Romanian market includes a wide range of
maize hybrids and the choice of the right ones
for each crop area represents a real challenge
for farmers, because the level of yield and its
quality depends on their choice.

The increase in the frequency of extremely dry
years in most areas of Romania has attracted
the attention of researchers from research
institutes, to develop and transfer to farmers
improved maize hybrids for drought and heat
tolerance.

Previous studies have shown that a viable and
sustainable strategy from an economic point of
view is the development and expansion in
cultivation of earlier maize hybrids (depending
on the cultivation area), hybrids that have a
better adaptation capacity to the conditions of
drought and heat [13, 14, 19].

Based on these considerations, this study
aimed at the behavior of some maize hybrids
belonging to two different maturity groups
(semi-early and semi-late) in terms of growth
stages, grain yield and some related attributes,
with implications for agricultural practice in
the central part of Oltenia area.

MATERIALS AND METHODS

This study was carried out at ARDS Simnic,
Craiova (the central part of Oltenia, Romania),
in the combined drought and heat conditions of
2022 (Figure 1).

The biological material tested consisted of
eight maize hybrids belonging to two groups of
different maturity: FAO 301-400 (Oituz,
Magnus, DKC 4598, HSF 1180-17) and FAO
401-500 (F 423, Felix, P0216, P0023).

The experiment was carried out in a
randomized block with two replications having
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a net plot size of 6.72 m?, on reddish-brown
soil.

Complex fertilizers (NPK 20:20:20) were
applied before sowing with 250 kg/ha and
ammonium nitrate at the stage of 10-12 leaves
with 150 kg/ha.

Sowing was carried out on April 12, 2022, at a
density of 55,000 plants/ha.

For chemical protection against diseases and
pests, Dual Gold 1 I/ha was applied in pre-
emergence and at the 6-8 leaf stage, as well as
the herbicides Click Pro 2-2.3 I/ha and Crew
Ace 0.8 I/ha. Also, 2 mechanical and one
manual hoeing were done. Harvesting was
done on August 31, 2022.

Data were collected for plant height (cm), ear
height (cm), days to 75% emerged plants, days
to 50% flowered and silked, days to
physiological maturity, grain yield (kg/ha)
adjusted to 15.5% moisture, sterile plants (%),
1000-grain weight (g) and test weight (kg/hl).
Data collected for yield were statistically
analyzed with analysis of variance (ANOVA)
and Duncan multiple range test (p=0.05), first
separately for each maturity group and then
combined, for both groups.

Weather data (precipitation and temperatures)
comes from Craiova Meteorological Station

[6].
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Fig. 1. View from the experimental field, ARDS Simnic,
2022

Source: Original.

RESULTS AND DISCUSSIONS

For Romania, the summer of 2022 was the
third driest and warmest since 1961 until now
[16].
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The climatic factors (precipitation and
temperatures) recorded for the study area
(Craiova, Oltenia region from southwest
Romania) during the maize growing period
(April-August) of 2022, showed an extreme,
long-lasting drought with many hot days and
nights (Figures 2 and 3).

From April to July, precipitation was below the
multiannual average, the lowest precipitation
being recorded in June and July (-55.5 mm,
respectively, -36.6 mm) (Figure 2).
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Fig. 2. Monthly precipitation durind the maize growing
period (April-August) at ARDS Simnic, 2022.
Source: Own design and processing based on the data
from [6].
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Fig. 3. Average monthly temperatures during the maize
growing period (April-August) at ARDS Simnic, 2022
Source: Own design and processing based on the data
from [6].

Average monthly temperatures throughout the
growing period, except for May, exceeded the

multi-year average. The high number of hot
days (> 35°C) and hot nights (> 20°C) in June,
July and August combined with low amounts
of precipitation exacerbated drought (Figure
3).

Therefore, at ARDS Simnic, drought and heat
set in from June (the most critical period for
maize/flowering and silking) and continued
throughout all reproductive stages.

Insufficient precipitation and high and long-
lasting temperatures during the flowering and
reproductive stages negatively affected the
grain yield of the hybrids studied, which was
an average of 3320 kg/ha. From FAOSTAT
data [10] it can be seen that it is almost at the
same level as the national average yield
obtained in 2022 (3,298 kg/ha), but it is lower
than that of 2021 (5,801 kg/ha).

Previous studies have shown that combined
stress (drought and heat) had a greater impact
on maize grain yield than individual stresses
[25, 26], and maize is more sensitive to stress
in the reproductive stages compared to the
vegetative growth stages [5, 21, 22].
According to [18], high temperatures between
33°C-36°C during pre-flowering and post-
flowering reduce grain yield by 10-45%. Maize
yield reduction percentages due to high
temperatures (above 30°C) are of 1% under
optimal precipitations conditions, of 1.7%
under drought conditions and up to 40% under
combined drought and heat conditions [17].

In our study, the results of the analysis of
variance for grain yield showed significant
differences between hybrids both within
maturity groups and between groups (P<0.05)
(Table 1). From the semi-early maturity group
(FAO 301-400), the Magnus hybrid achieved
the highest grain yield (4,334 kg/ha) being at
the same level of significance as the DKC 4598
hybrid (3,814 kg/ha), while the old hybrid
Oituz (released in 1999) achieved the lowest
yield (3,142 kg/ha).

From the semi-late maturity group (FAO 401-
500), the P0216 and Felix hybrids achieved the
highest yields (3,166 and 2,954 kg/ha,
respectively), while the F 423 hybrid achieved
the lowest yield (2,560 kg/ha).

Combined analysis of variance for grain yield
showed that the hybrids Magnus and DKC
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4598, closely followed by HSF 1180-17 were
superior compared to other hybrids.

The group of semi-early hybrids exceeded the
group of semi-late hybrids by 865 kg/ha
(+30%) (Table 1, Figure 4).

The Magnus maize hybrid is a modern hybrid,
recently released (2021) by NARDI Fundulea

(Romania) that has been improved for drought
tolerance [15].

Modern maize hybrids improved for drought
tolerance together with improved field
management represent the best solutions for
managing drought losses [15].

Table 1. Grain yield of the maize hybrids studied at ARDS Simnic, 2022

Hybrid Grain yield
kg/ha % Duncan test % Duncan test
to average to general
group average
1. FAO 301-400 group (semi-early hybrids)
Oituz 3,142 -16.3 C -5.4 C
Magnus 4,334 +15.5 A +30.5 A
DKC 4598 3,814 +1.6 AB +14.9 A
HSF 1180-17 3,719 -0.9 B +12.0 B
Average group 1 3,752
LSD5% 529 14.1
2. FAQ 401-500 group (semi-late hybrids)
F423 2,560 -11.3 B -22.8 D
Felix 2,954 -2.3 A -11.0 CD
P0216 3,166 +9.7 A -4.6 C
P0023 2,867 -0.7 AB -13.6 CD
Average group 2 2,887
LSD 5% 353 12.2
General average 3,320
LSD 5% 623 18.7

The same letter shows that there is no significant difference based on the Duncan test o = 5%
Source: Own calculation.
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Fig. 4. Yield difference (kg/ha) between maturity
groups, ARDS Simnic, 2022
Source: Own calculation.

292

The number of days to emergence, for most
hybrids, was 22 days. Regarding the precocity
of flowering, the group of semi-early hybrids
recorded an advance of 4 days compared to the
group of semi-late hybrids (Table 2).
According to [5], maize plants exhibit three
mechanisms of resistance to combined drought
and heat conditions, namely, avoidance, escape
and tolerance, and hybrids precocity is one of
the responses related to escape.

There was no difference between the two
maturity groups regarding the attainment of
physiological maturity (118 days), but the
number of days from silking to physiological
maturity (the period of grain filling) was lower
for the semi-late maturity group, the group that
recorded a lower grain yield.

Our results were consistent with previous
studies that showed that grain yield is closely
related to grain filling duration [4, 21].
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Table 2. Growth stages of the maize hybrids studied at ARDS Simnic, 2022

Hybrid Growth stages (days from sowing to)
emergence Flowering silking physiological silking-
maturity physiological
maturity
1. FAO 301-400 group (semi-early hybrids)
Oituz 22 76 79 116 37
Magnus 21 76 78 119 41
DKC 4598 21 76 78 116 38
HSF 1180-17 22 76 78 121 43
Average group 1 22 76 78 118 40
2. FAO 401-500 group (semi-late hybrids)
F 423 22 80 82 118 36
Felix 22 79 82 119 37
P0216 22 80 84 118 34
P0023 24 80 84 118 34
Average group 2 22 80 83 118 35

Source: Own calculation.

Plant height is an important trait for both grain
yield and green and dry matter production.
This is determined by the expression and
interaction of several genes but also by climatic
conditions [3].

In our study, the plant height had a general
average of 203 cm, the Magnus and P0216
hybrids recording the maximum plant height of
210 cm (+3%), and the Felix hybrid the
minimum plant height of 193 cm (-5%) (Table
3).

Table 3. The agronomic traits of the maize hybrids studied at ARDS Simnic, 2022

Hybrid Plant height Ear height Sterility 1,000-grain Test weight
weight
cm % to cm % to % % to g % to kg/hl % to
general general general general general
average average average average average
1. FAO 301-400 group (semi-early hybrids)
Oituz 206 100 103 116 1 20 200 105 65.4 99
Magnus 210 103 87 98 7 140 210 110 66.4 100
DKC 207 102 93 105 0 0 171 90 66.6 100
4598
HSF 203 100 88 99 0 0 184 96 716 108
1180-17
Average 207 93 2 191 67.5
group 1
2. FAO 401-500 group (semi-late hybrids)

F 423 193 95 70 79 13 260 205 107 67.0 101
Felix 198 97 89 100 7 140 166 87 65.7 99
P0216 210 103 94 106 3 60 208 109 63.8 96
P0023 198 97 89 100 9 180 186 97 63.2 95
Average 200 86 8 191 65.0
group 2
General 204 100 89 100 5 100 191 100 66.3 100
average

Source: Own calculation.

Ear height between 70 and 103 cm, with a
general average of 89 cm, makes hybrids
suitable for mechanized harvesting. According

to [1], a very high ear height could be
susceptible to stock and root lodging. The
percentage of sterility was higher in the semi-
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late maturity group (8%) compared to the semi-
early group (2%). The highest percentage of
sterility was recorded in F 423 (+160%)
compared to the general average (Table 3).

A previous study found that the drought and
heat during flowering led to an increase in the
number of sterile plants and also to a reduction
inyield [2] .

For 1,000-grain weight, the values were similar
for the two maturity groups (191 g), the HSF
1180-17 hybrid registering the highest value of
210 g (+10%) compared to the general average.
The weight of the grains is an important
component of the yield having a decisive role
in highlighting the production potential. Our
results were consistent with previous studies
that showed that high temperatures (heat)
during the reproductive stages shorten the
duration of grain filling leading to a reduction
in the number of grains, their size and weight
[1, 24].

CONCLUSIONS

The preliminary results obtained in combined
conditions of drought and heat throughout the
flowering and reproductive stages showed a
different response of the studied hybrids from
the two maturity groups. This difference
between hybrids is due to both genetic
variation and their difference in adaptability to
combined drought and heat conditions.

Maize hybrids from the semi-early maturity
group (FAO 301-400) outperformed maize
hybrids from the semi-late maturity group
(FAO 401-500) with a grain yield advantage of
865 kg/ha (+30%).

Three semi-early hybrids namely, the modern
hybrid Magnus released in 2021 (4,334 kg/ha)
and DKC 4598 (3,814 kg/ha), closely followed
by the perspective hybrid HSF 1180-17 (3,719
kg/ha) were superior for grain yield, compared
to other hybrids. These better-adapted maize
hybrids can be a solution to the problems
caused by extreme drought for farmers in the
Oltenia region.

REFERENCES

[1]Bello, O.B., Olawuyi, O.J., Abdulmalig, S.Y., Ige,
S.A., Mahamood, J., Azeez, M.A., Afolabi, M.S., 2014,
Yield performance and adaptation of early and

294

intermediate drought-tolerant
Guinea Savanna of Nigeria.
Agriculture, 30(1):53-66.
[2]Bonea, D., Urechean, V., 2017, Study on the selection
for drought tolerance of some semi-late maize hybrids
cultivated at A.R.D.S. Simnic. Annals of the
University of Craiova - Agriculture, Montanology,
Cadastre Series, Vol. XLVI1(1):41-49.

[3]Bonea, D., 2020, Screening for drought tolerance in
maize hybrids using new indices based on resilience and
production  capacity. Scientific  Papers.  Series
Management, Economic Engineering in Agriculture and
Rural Development, 20(3):151-156.

[4]Borras, L., Zinselmeier, C., Senior, M.L., Westgate,
M.E., Muszynski, M.G., 2009, Characterization of grain
filling patterms in divense maize germplasm. Crop
Science, 49(3): 999-10009.

[5]Chavez-Arias, C.C., Ligarreto-Moreno, G.A,,
Ramirez-Godoy, A., Restrepo-Diaz, H., 2021, Maize
responses challenged by drought, elevated daytime
temperature and arthropod herbivory stresses: A
physiological, biochemicaland  molecular  view.
Frontiers in Plant Science, 12:702841,

doi: 10.3389/fpls.2021.702841

[6]Craiova Meteorological Station, 2024, Weather data
2022,
https://freemeteo.ro/vremea/craiova/istoric/istoric-
lunar/?gid=680332&station=4821&month=7&year=20
22&language=romanian&country=romania, Accessed
on 12 January, 2024.

[7]Cristea, M., Cabulea, 1., Sarca, T., 2004, Porumbul -
Studiu monografic [Maize - Monographic study], Vol.
1:374-376.

[8]Dunareanu I.C., Bonea, D., 2022, Evaluation of
maize hybrids for grain yield and quality traits under
field conditions from southwestern Romania. Scientific
Papers, Series A. Agronomy, 65(2):201-207.
[9]Erenstein, O., Jaleta, M., Sonder, K., Mottaleb, K.,
Prasanna, B.M., 2022, Global maize production,
consumption and trade: trends and R&D
implications. Food Security, 14:1295-1319,
https://doi.org/10.1007/s12571-022-01288-7
[LO]JFAOSTAT, 2024, Food and agriculture data:
Production, https://www.fao.org/faostat/en/#data/QCL
Accesed on 10 January, 2024.

[11]Ghiorghe, I.A., Turek-Rahoveanu, A., 2022, The
evolution of maize cultivated area and production in
Romania (2011-2021). Scientific Papers Series
Management, Economic Engineering in Agriculture and
Rural Development, 22(3):255-260.

[12]Horhocea, D., Martura, T., lordan, H.L., Badut, C.,
Ciocazanu, 1., 2019, Felix, a new semi-late maize hybrid
released by the NARDI Fundulea. An. INCDA
Fundulea, Vol. LXXXVII: 82-94.

[13]Horhocea, D., Martura, T. lordan, H.L., Badut, C.,
Ciocazanu 1., 2021, Magnus, semi-early maize hybrid,
released by the NARDI Fundulea. AN. INCDA
Fundulea, vol LXXXIX:3-16.

[14]Horhocea, D., Martura, T. lIordan, H.L., Badut, C.,
Ciocazanu 1., Lazar, C., 2022, Genetic progress in maize

maize genotypes in
Sarhad Journal of


https://doi.org/10.1007/s12571-022-01288-7
https://www.fao.org/faostat/en/#data/QCL

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 24, Issue 3, 2024
PRINT ISSN 2284-7995, E-ISSN 2285-3952

for drought resistance by shortening the vegetation
period. AN. INCDA Fundulea, vol XC:25-40.

[15]Liu, Y., Hou, P., Zhang, W., Xing, J., Lv, T., Zhang,
C., Wang, R., Zhao, J., 2023, Drought resistance of nine
maize cultivars released from the 1970s through the
2010s in China. Field Crops Research, 302, 109065.
[16]Meteo, Romania, 2024, Comunicat: 2022 - al-I11-
lea an cel mai calduros din istoria masuratorilor
meteorologice in Romania [Announcement: 2022 — the
3rd warmest year in the history of meteorological
measurements in Romania] from 17.01.2023,
https://www.meteoromania.ro/wp-
content/uploads/comunicate/comunicat-an-
calduros.pdf, Accesed on 15 January, 2024.
[17]Meseka, S., Menkir, A., Bossey, B., Mengesha, W.,
2018, Performance assessment of drought tolerant maize
hybrids  under combined drought and heat
stress. Agronomy, 8(12):274,
https://doi.org/10.3390/agronomy8120274

[18]Neiff, N., Trachsel, S., Valentinuz, O.R., Balbi,
C.N., Andrade, F.H., 2016, High temperatures around
flowering in maize: Effects on photosynthesis and grain
yield in three genotypes. Crop Science, 56:2702-2712.
[19]Petcu, E., Martura, T., 2018, Fiziologia si
ameliorarea porumbului 1n contextul schimbarilor
climatice [Maize physiology and breeding in the context
of climate change]. Total Publishing, Bucuresti.
[20]Popescu, A., 2015, Analysis of the evolution and
distribution of maize cultivated area and production in
Romania. Scientific Papers Series Management,
Economic Engineering in Agriculture and Rural
Development, 15(3):253-260.

[21]Qi, Y., Zhang, Q., Hu, S.Wang, R.,Wang, H.,
Zhang, K., Zhao, H., Ren, S., Yang, Y., Zhao, F., Chen,
F., Yang, Y., 2022, Effects of high temperature and
drought stresses on growth and yield of summer maize
during grain filling in North China. Agriculture,
12:1948, https://doi.org/10.3390/agriculture12111948
evelopment

[22]Siebers, M.H., Slattery, R.A., Yendrek, C.R., Locke,
A.M., Drag, D., Ainsworth, E.A., Bernacchi, C.J., Ort,
D.R., 2017, Simulated heat waves during maize
reproductive stages alter reproductive growth but have
no lasting effect when applied during vegetative stages.
Agriculture Ecosystems Environment, 240(2):162-170.
[23]Shiferaw, B., Prasanna, B.M., Hellin, J., Banzinger,
M., 2011, Crops that feed the world 6. Past successes and
future challenges to the role played by maize in global
food security. Food Security, 3:307-327.

[24]Tian, B., Zhu, J., Nie, Y., Xu, C., Meng, Q., Wang,
P., 2019, Mitigating heat and chilling stress by adjusting
the sowing date of maize in the North China Plain.
Journal of Agronomy and Crop Science, 205:77-87.
[25]Yawale, M.A., Dawaki, K.D., Fulani, M.S., Sa’ad,
AM., Daraja, Y.B., Garko, M.S., Magashi A.l,
Abdussalam, S.S., 2023, Performance of maize (Zea
mays L.) genotypes for yield and yield contributing
characters under drought and heat stress conditions
evaluated at Sudan Savanna, Nigeria. European Modern
Studies Journal, 7(4):309-314.

[26]Yousaf, M.l., Riaz, M.W., Jiang, Y., Yasir, M.,
Aslam, M.Z., Hussain, S., Sajid-Shah, S.A., Shehzad,
A., Riasat, G., Manzoor, M.A., Akhtar, ., 2022,
Concurrent effects of drought and heat stresses on
physio-chemical attributes, antioxidant status and kernel
quality traits in maize (Zea mays L.) hybrids. Frontiers
in Plant Science, 13:898823. doi:
10.3389/fpls.2022.898823.

295


https://www.meteoromania.ro/wp-content/uploads/comunicate/comunicat-an-calduros.pdf
https://www.meteoromania.ro/wp-content/uploads/comunicate/comunicat-an-calduros.pdf
https://www.meteoromania.ro/wp-content/uploads/comunicate/comunicat-an-calduros.pdf
https://doi.org/10.3390/agronomy8120274
https://doi.org/10.3390/agriculture12111948

Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development
Vol. 24, Issue 3, 2024
PRINT ISSN 2284-7995, E-ISSN 2285-3952

296



