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VARIATION OF PLANT HEIGHT AND EAR INSERTION HEIGHT IN EARLY RIPENING MAIZE
HYBRIDS UNDER THE OPTIMAL AND LATE SOWING DATES

M. S. Olkhovyk ) ) ) )
Institute of Grain Crops of NAAS of Ukraine, 14 Volodymyr Vernadskyi St., Dnipro, 49000, Ukraine

Topicality. In light of the intensification of agriculture towards more rational utilisation of land re-
sources and the growing season, given the importance of stubble and postcut fodder maize crops in fodder
production and maize adaptability to the conditions of the Steppe zone, it is important to study the growth
processes of maize under late sowing. Namely, the study of the influence of late sowing date on such traits as
plant height and height of first productive ear insertion for early ripening hybrids, the share of which in
maize grain production is increasing. Purpose. To establish the most stable hybrid combinations by studying
the variation of plant height and ear insertion height in early ripening maize hybrids under two sowing
dates. Methods. Hybridization was used for developing hybrid material; laboratory and field method — to
determine morphobiological traits of maize hybrids; measuring weight — to determine metric traits of plants;
mathematical and statistical method — to determine the reliability of results, indicators of trait variation, and
the correlation of traits. Results. The study of early ripening maize hybrids developed by crossing the most
common germplasms under two sowing dates revealed that hybrids of heterotic models lodent*xFlint and
lodent xMix had stably high values of the plant height trait at both sowing dates; hybrids of heterotic models
lodent % Flint and lodent xMix and Mix*Flint had stably high values of the height of first productive ear in-
sertion at both sowing dates. Conclusions. We have identified the hybrid combinations
DK4173SVZM*DK367, DK4172xDK367, MS38IMVXDK367, MS555xDK367 (heterotic model I0O-
dentxMix), and DK4173SVZM*DK2073 (heterotic model lodent *Flint), which were characterised by stably
high values of the plant height trait, as well as the hybrid combinations DK4172xDK4538 (heterotic model
lodent xFlint), DK4172xDK367 (heterotic model Iodent*xMix), and DK2659xDK4538 (heterotic model
Mix xFlint), which were characterised by stably high values of the height of first productive ear insertion at
both sowing dates. The correlation between plant height and the ear insertion height of maize hybrids was
confirmed for both sowing dates in all heterotic models studied.

Key words: common maize, breeding, prematurity, plant height, ear insertion height, sowing dates,
line, single-cross hybrid

Introduction. In the market economy, the
issue of intensification of agriculture as the
main means of forming sustainable agricultural
production is gaining special relevance [1].

Intensification of agriculture is possible
by increasing production due to cultivation of
two crops per year on the same area using stub-
ble and postcut crops.

A long frost-free period with a sufficient
amount of active temperatures in the Steppe
zone of Ukraine, after harvesting the main
crops, makes it possible to use stubble and post-
cut fodder crops, which provide two harvests
per year.

Scientists A.P. Hyrenko, A.l. Livenskyi
and K. P. Demydenko reported that maize is the
best postcut crop in terms of green mass, dry
matter, yield of feed units and digestible pro-
tein [2].

Author information:

Ukrainian breeders do not pay sufficient
attention to the development of maize hybrids
for growing as a stubble and postcut crops. At
the same time, the experience of foreign pro-
ducers and scientists proves the prospects of this
area. For example, in Hungary, ultra-early rip-
ening maize hybrids (FAO 100-150) are used
for stubble and postcut crops for grain and si-
lage [3].

The prospects for cultivation of early rip-
ening maize hybrids in stubble and postcut
crops are determined by studying the influence
of stressful conditions of late sowing on bio-
metric parameters of maize plants, such as plant
height and height of first productive ear inser-
tion , in order to find the most stable hybrid
combinations for late sowing.

The purpose of the research is to examine
the variation of such traits as plant height and
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ear insertion height in early ripening maize hy-
brids at two sowing dates for establishing the
most stable hybrid combinations based on these
traits.

Materials and Methods. The research
was carried out in the experimental breeding
crop rotation of the Institute of Grain Crops of
NAAS of Ukraine during 2016-2017.

In the course of the research, 161 single-
cross hybrids of the IodentxFlint heterotic mod-
el, 101 hybrids of the lodentxMix heterotic
model, and 92 hybrids of the MixxFlint heterot-
ic model were studied under two sowing dates.
The optimal sowing date was the third ten-day
period of April, and the late sowing date was the
third ten-day period of May. The experiments
were laid out in accordance with the recommen-
dations in the "Methodology for field experi-
ments with maize" [4]. Plot area was 5 m?. We
conducted biometric measurements on 10 plants
from each plot.

In the years of the study, meteorological
conditions were typical for the Steppe, with a
nonuniform distribution of precipitation and air
temperature. In 2016, precipitation was
60.7 mm higher than the long-term data
(332.7 mm), the maximum precipitation fell in
the third ten-day period of April, the second ten-
day period of June and July. The average daily
air temperatures in the spring and autumn
months of the growing season were close to the
long-term average, but in summer, the tempera-
tures exceeded the norm by an average of 1.1,
2.0 and 3.1 °C.

The growing season of 2017 was charac-
terised by a moisture deficit. In total, 251.4 mm
of precipitation in the form of showers fell be-
tween April and September, compared to the
long-term average of 272 mm. The average dai-
ly air temperatures in May and July were close
to the long-term average, however, June, August
and September were very hot, and in the last
two months the excess was 4.6 and 3.4 °C com-
pared to the long-term average. Soil drought
occurred from the second ten-day period of July
to the end of August.

Contrasting weather conditions during the
years of research allowed us to correctly evalu-
ate the breeding material.

Results and Discussion. According to the
analysis of maize plant height over the years of
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research, the tallest plants were in 2016 at the
optimal sowing time, and the plant height was
249.8 cm, which was significantly higher than
in 2017 (Fig.1). However, in 2016, the late sow-
ing had the most negative effect, the plants were
shorter (by 33 cm) compared to the optimal
sowing date, and in 2017 the difference in plant
height between the two sowing dates was not
significant and was only 1.2 cm.

Over the years of research, the maximum
average plant height was 242.9 and 220.6 cm in
hybrids of the heterotic model lodentxFlint,
respectively, by sowing dates (Table 1).

It should be noted that the hybrids of the
heterotic model lodentxFlint had significantly
higher plant height compared to the hybrids of
the MixxFlint model at both sowing dates for
years of research. However, for heterotic model
IodentxFlint and IodentxMix, under both sow-
ing dates, no significant differences in plant
height were found. As a rule, maize hybrids at
late sowing date formed shorter plants, but the
significant difference between sowing dates was
only in 2016.

Analysis of the obtained hybrids allowed
us to identify combinations with high values of
the plant height. In 2016, at the optimal sowing
dates, according to the heterotic model lo-
dentxFlint, we identified the following hybrids:
DK4173SVZM x DK2073 (293.5 cm), DK2637
xDK2073 (285.5 cm), DK4172xDK2073
(291.5 cm), DK5510xDK2073 (290.0 cm), and
according to the heterotic model lodentxMix:
DK4173SVZMxDK367 (295.0 cm), DK4172
xDK367  (291.0 cm), MS381MVxDK367
(290.0 cm), DK2637xDK367  (289.0 cm),
MS555xDK367 (284.5 cm), and according to
the heterotic model MixxFlint: DK367x
DK2073 (289.0 cm). According to this trait,
these hybrids outperformed the standard DN
Pyvykha, which formed a plant height of
251.4 cm at the optimal sowing date.

It should be noted that the most tall-
growing hybrids, at the optimal sowing date,
significantly reduced the plant height by 35.5-
61.5 cm at late sowing, however, these hybrids
were significantly taller than the standard
HUO0008, the significant difference ranged
from16.6-39.1 cm, and hybrids DK4173SVZMx
DK367, DK4172xDK367, DKS5510xDK2073,
and MS555xDK367 had significantly higher
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Fig. 1 Plant height of early ripening single-cross hybrids at two sowing dates.

Table 1. Variation of plant height in single-cross maize hybrids of different heterotic models, cm

. . 2016 2017 Average
Indica- Heterotic-
tor model osD” LSD" osD” LSD” osD” LSD "
Todentx<Flint | 252.5+2.3 | 2203+1.8 | 223.1+3.0 | 221.8+3.0 | 242.9+23 | 2206+17
X+t | lodentxMix | 250.6+35 | 216.9+3.4 | 223.7+50 [ 2216+50 | 242.1+29 | 2184+23
MixxFlint | 2442+35 | 210.7+3.2 | 210.7+57 | 211.0+59 | 236.4+35 | 2125+24
Lim | IodentxFlint | 217.0-293.5 | 186.5-248.5 | 185.8-264.0 | 188.5-258.0 | 204.5-293.5 | 185.0-252.3
(HTAQ) Todent<Mix | 21452950 | 176.5-271.0 | 181.0-265.0 | 181.5-261.0 | 193.5291.0 | 181.5-255.0
MixxFlint | 200.0-289.0 | 166.0-242.0 | 162.0-245.5 | 164.0-249.0 | 181.0-289.0 | 166.0-242.0
TodentxFlint 5.9 5.2 6.5 6.5 6.4 54
V,% TodentxMix 7.1 7.9 8.7 8.8 7.7 6.8
MixxFlint 6.8 7.4 9.3 9.6 8.6 7.1
Standard
HU0008 227.6 213.4 207.2 200.8 217.4 207.1
DN Harant 257.0 224.8 224.1 228.7 240.6 226.8
DN Pyvykha 251.4 228.4 237.2 238.1 244.3 233.3

Note. OSD” — optimal sowing date; LSD" — late sowing date

values of the plant height, compared to the most
tall-growing standard DN Pyvykha under late
sowing. The hybrids DK4173SVZMxDK367,
DK4172xDK367, MS381MVxDK367, MS555
xDK367 (the heterotic model IodentxMix), and
DK4173SVZMx=DK2073 (the heterotic model
IodentxFlint) showed some of the highest val-
ues of plant height at both sowing dates in 2017.
Therefore, we can conclude that these hybrid
combinations are stable for this trait both ac-
cording to the sowing dates and years of the
experiment.

The research also revealed hybrid combi-
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nations that are not susceptible to deterioration
in growing conditions caused by late sowing, as
follows: MS252VM3spxF2, MS252VM3spx
DK4538, DK305xDK2275 (the heterotic mod-
el lodentxFlint), and MS252BM3spxDC247,
DK216xDC6381, DK2637xDC2668 (the het-
erotic model TodentxMix). The plant height of
these hybrids at optimal sowing in 2016 varied
in the range of 215.0-265.0 cm, and at late sow-
ing — in the range of 203.5-271.0 cm. The de-
crease in the trait values did not exceed 13.5 cm
and was not significant. Under conditions of late
sowing, plant height of the hybrid combination
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DK216xDK6381 insignificantly increased by
only 6.0 cm. In 2017, the difference between the
values of plant height at the optimal and late sow-
ing dates in these hybrids ranged from 3.0-13.0
cm, which was not significant. It should be noted
that both DN Harant and DN Pyvykha respond-
ed more significantly to the deterioration of
growing conditions at late sowing in 2016.
Thus, with late sowing, the plant height of these
hybrids decreased by 32.2 and 23.0 cm, respec-
tively, the difference was significant.

In the course of research, it was noted that
for all hybrids of the studied heterotic models,
the range of variation in the height of first pro-
ductive ear insertion was greater than in the
plant height (Tables 1 and 2). In particular, the
coefficients of variation were almost 2 times
higher for the first trait, regardless of the sowing
date. The corresponding tendency was noted in
other studies [5], which indicate a significant
variation in the height of first productive ear
insertion.

Table 2. Height of first productive ear insertion in single-cross maize hybrids

of different heterotic models at different sowing dates, cm

Indi- Heterotic 2016 2017 Average

cator model 0osD” LSD" osD” LSD" 0osD” LSD"
< IodentxFlint | 104.2+19 | 83.6+18 | 82.7+22 | 76.2+23 | 97.4+19 | 817=+17
i TodentxMix | 103.2+28 | 86.3+26 | 84.1+3.2 | 80.1+39 | 975+22 | 844+19
) MixxFlint 96.4+26 | 750+23 | 749+36 | 686+3.2 | 91.5+£25 | 755+19
Lim IodentxFlint | 74.5-133.5 | 57.5-117.0 | 53.0-111.6 | 52.5-104.6 | 66.5-133.5 | 56.0-117.0
(min— | TodentxMix | 71.5-140.5 | 60.0-119.0 | 57.0-101.5 | 48.5-118.9 | 64.3-140.5 | 55.8-119.0
max) MixxFlint | 63.5-123.5 | 50.0-105.0 | 47.3-101.4 | 43.0-94.0 | 51.0-123.5 | 46.5-105.0

TodentxFlint 115 13.5 12.7 14.8 13.1 14.4

V,% | IodentxMix 13.9 15.6 14.5 18.5 14.2 14.9

MixxFlint 13.3 14.8 16.4 16.7 15.7 15.3

Standard

HU0008 73.1 57.4 52.2 50.2 62.7 53.8

DN Harant 110.8 89.6 90.0 90.5 100.4 90.0

DN Pyvykha 101.2 84.4 88.5 81.5 94.8 82.9

Note. OSD” — optimal sowing date; LSD" — late sowing date

On average, the ear insertion height was
the highest in hybrids created by the Ilo-
dentxFlint model - 97.4 and 81.7 cm, and lo-
dentxMix - 97.5 and 84.4 cm, respectively, by
sowing time. The hybrids of the heterotic model
MixxFlint were characterised by slightly lower
values of this trait — 91.5 and 75.5 cm, respec-
tively, by sowing dates. It was noted that under
the condition of late sowing, the ear insertion
height decreased on average within 13.1-16.0
cm, and the sampling variation increased by
1.8-2.5 % due to the different resistance of hy-
brids to stress conditions.

Under the conditions of optimal sowing
date in 2016, we identified hybrids of different
heterotic models that had the maximum values
of the ear insertion height, in particular
DK4172xDK4538 (133.5 cm), DK4172x DK367
(140.5 cm), and DK2659xDK4538 (123.5 cm),
and at late sowing — DK2637xDK673 (117.0 cm),
DK4172xDK367 (119.0 cm), and DK3902x
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DK2073 (105.0 cm).

In 2017, DK4172xDC4538, DK4172x
DK367, and DK2659xDK4538 hybrids also
showed the maximum ear insertion height at
both sowing dates; values ranged from 101.4—
123.6 cm (for optimal sowing date), and 94.0—
118.9 cm ( for late sowing date).

The hybrids DK2285xDK2732, DK2285x
DK212, DK2613xDK2323MV (heterotic model
IodentxMix), DK6356xDK673 (heterotic model
MixxFlint), and DK7174xDK2275 (heterotic
model lodentxFlint) were characterised by a
slight decrease in the height of first productive
ear insertion at late sowing date. In 2016, the
difference between the values of the height of
first productive ear insertion of these hybrids at
two sowing dates ranged from 3.0-6.0 cm; in
2017 - from 7.0-13.0 cm, the difference was not
significant for two years of research. In the hy-
brid combination DK7174xDK2275 at late sow-
ing in 2017, a slight (4.0 cm) increase in the ear
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insertion height was observed.

It was found that the plant height of these
hybrids is closely correlated with the ear inser-
tion height at both sowing dates. Thus, in 2016,
the correlations between the ear insertion height
and plant height at both sowing dates were sig-
nificant and slightly variable, r = 0.75-0.82 (for
the optimal sowing date) and r = 0.69-0.77 (for
the late sowing date). In 2017, there was a cer-
tain reduction in correlations at the optimal sow-
ing date (r = 0.56-0.81), while at the late sowing
date, on the contrary, there was an increase in
the correlation between these traits in most of
the heterotic models (r = 0.64-0.89). Also, at
both sowing dates in 2017, the variation of cor-
relation values increased.

It should be noted that the correlations be-
tween the plant height and the ear insertion
height of the experimental hybrids weakened in
2016 due to the deterioration of growing condi-
tions caused by late sowing It should be noted
that the correlations between the plant height
and the ear insertion height of the experimental
hybrids weakened in 2016 due to the deteriora-
tion of growing conditions caused by late sow-
ing. These traits are formed at different stages of
plant ontogeny under the influence of different
weather conditions. A similar phenomenon was
observed in his research by M. M. Fedko [6].

In 2017, with a late sowing date, on the
contrary, these correlations were strengthened,
i.e., under better conditions of plant develop-
ment, the correlation was weaker. I. P. Chuch-
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Onbxoeuxk M. C. Bapirweannusa o03HaK «8ucoma pociun» ma «GUCOMA NPUKPINJIEHHA KauaHa» y

CKOpocmuziux 2iopuodie KyKypyo3u 6 ymosax OnmumaibHo20 ma ni3Hb020 CIMPOKIe cieou.
Grain Crops. 2023. 7 (1). 13-18.
Y Incmumym sepnosux kynomyp HAAH Vkpainu, eyn. Bepraocvkozo, 14, m. /[ninpo, 49000, Vrpaina

AkTyaibHicTh. B cBiTHi cropsmyBaHHS MpoleciB iHTeHCH]iKamii CiIBCBKOTO TOCIOAApCTBA Y
HaIpSMKY OUTBII paIlioHaTPHOTO BUKOPHCTAHHS 3eMEJIbHHUX PECypCiB Ta BETETAIIHOTO Mepioy, BPaxoBy-
[0YM BKJIMBICTH MOKHUBHUX Ta MOYKICHHUX IOCIBIB KyKypYyI3d I KOPMOBHPOOHHUIITBA Ta ii MPUCTOCO-
BaHICTh 10 yMoB CTemoBOi 30HM, HA0YBAIOTh BaKJIMBOCTI JOCITIKEHHS! POCTOBHX IPOLECIB KYKYpYyI3U B
yMOBax Mi3HBOTO CTPOKY ciBOM. OcoONMBEe 3HAYCHHS, Ma€ BHBYCHHS BIUIMBY II3HBOTO CTPOKY CiBOM Ha
O3HAaKU “BHCOTa POCIHH’, Ta “BHCOTa MPUKPIIUICHHS MEPIIOr0 MPOIYKTUBHOIO KadaHa” y CKOPOCTHIIIAX
ribpuiB, yacTka SKMX y BUPOOHHUITBI 3epHa KyKypyA3u 3pocTae. Mera podoru. BuueHHs MiHIUBOCTI
O3HaK “BHCOTa POCIMH” Ta ‘“BHCOTa MPUKPIMJICHHS KadyaHa” y CKOPOCTUIJIMX TiOpUAIB KYKYypyI3u 3a YMOB
JIBOX CTPOKIB CiBOW, JUISI BCTAHOBJICHHS HAWOUTBIN CTaOUTRHUX TiOpuaHmX koMOiHarid. Metoau. I'iOpumm-
3amis — y TpoIeci CTBOPEHHS TiOPUIHOTO MaTepiany; JaOOpaTOPHO-TIONBOBUI — Ui BU3HAYEHHS MOD-
¢ oO6ioNorivHNX O3HAK TiOPUIIB KYKYpYyI3W; BUMIPIOBaJIbHO-BarOBUI — JUIsl BU3HAYCHHSI METPUYHUX O3HAK
POCIMH; MaTeMaTHYIHO-CTATHCTUYHI — /I BU3HAYEHHS JOCTOBIPHOCTI pPe3yJbTaTiB, MMOKa3HUKIB Bapiabems-
HOCTi 03HaK, KOPEIAIIHHOI 3a1eKHOCTI 03HaK. Pe3yabTaTu. 3a pe3ynbTaTaMu ITOCIiIKEHHS CKOPOCTUTIINX
riOpuaiB KyKypya3u, OTPUMaHUX BiJl CXPEHIyBaHHS HAaHOUIBII MOIIMPEHHX 3apOJKOBHX IUIa3M, B YMOBax
JIBOX CTPOKiB CiBOM, OyJI0 BCTAHOBJIEHO: CTabiIbHO BHCOKI 3HAUYEHHsSI O3HAKH “‘BHCOTa POCIHH’ 3a 000X
CTPOKIB ciBOM y ribpuaiB rereposucHux mozeneit lodentxFlint Ta lodentxMix; craGinbHO BUCOKI 3HAYECHHS
O3HAKH “BUCOTA MPHUKPIIUICHHS EPIIOT0 MPOAYKTUBHOTO KayaHa™ 3a 000X CTPOKIB CiBOM y riOpuiB retepo-
sucHux mojenei lodentxFlint ta lodentxMix, MixxFlint. BucHoBku. BeraHosieHi ribpuaHi KOMOiHAINT SIKi
XapaKTepU3yBaJHCs CTa0lIPHO BUCOKMMHE 3HAYEHHSMH O3HAKH «BHCOTA POCIHH» 32 000X CTPOKIiB CiBOM —
JAK4173CB3Mx/1K367, [1K4172x]IK367, MC381MBx/IK367, MC555xJIK367 — rerepo3ucHOi Mozemi
lodentxMix, ta JIK4173CB3MxJIK2073 — reteposucHoi moaeni lodentxFlint; Ta komGiHarii siki xapakTepu-
3yBaJUCs CTa01IbHO BUCOKMMH 3HAUCHHSIMH O3HAKH «BHCOTa MPUKPIIUICHHS MEPUIOro MPOIYyKTUBHOIO Ka-
gyaHa» 32 000X cTpokiB ciBOu — JIK4172xJ1K4538 — rereposucuoi mozemi lodentxFlint, TK4172xJIK367 —
rereposucuoil mozem lodentxMix, ta JIK2659xJIK4538 — rereposucuoi momemi MixxFlint. TTixteepmkeHo
KOpEJSIiHHMIA 3B’ 130K BUCOTH POCIIHH TOpHIIB KyKYPY/A3H 3 BUCOTOIO NPUKPIMJICHHS KayaHa 32 YMOB 000X
CTPOKIB CiBOH, B yCiX T€TEPO3UCHIX MOJIENIEH 1110 BUBYAIHCS.

Kntouosi cnosa: Kxykypyosa 3euuaiina, cenexyis, CKOPOCMUSLICMb, GUCOMA POCIUH, BUCOMA
NPUKPINIHHS KA4aHa, CMPoKuU ciebu, 1inis, npocmi 2iopuou
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