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DETERMINATION OF DROUGHT TOLERANCE OF POPCORN HYBRIDS
(ZEA MAYS L. EVERTA STURT.)
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Topicality. The subzone of the Northern Steppe of Ukraine is characterized by severe droughts, which
lead to a significant decrease in the yield of popcorn (Zea mays everta Sturt.). In this regard, evaluation of
hybrids for drought resistance is essential for selection of the best samples that can withstand difficult hydro-
thermal growing conditions. Purpose. To determine the drought resistance of popcorn hybrids under condi-
tions of air and soil drought. Materials and Methods. The material for the research was 58 popcorn hybrids
that were subjected to competitive variety testing. The mid-early hybrid Shans and the mid-ripening hybrid
Hostynets were used as standards. The trials were conducted at the Laboratory of Food Maize Breeding at
the Synelnykove Breeding and Research Station of the SE Institute of Grain Crops of NAAS of Ukraine in
2020-2021. An index approach based on both resistance and susceptibility of genotypes to moisture deficit
was used to study the hybrids' response to drought. Results. The growing season of 2020 was hot and dry in
contrast to 2021. In unfavourable conditions of 2020, average grain yields for mid-early hybrids were
3.1 times lower and for mid-ripening hybrids 3.2 times lower compared to 2020. Such weather conditions
allowed us to evaluate the maize hybrids for drought resistance, and identified 22 hybrids (36.7 %) as
drought-resistant, given their corresponding indices for 5-7 indicators. The Shans hybrid, a standard of the
mid-early group, was also drought-resistant. Conclusions. According to the results of research, it was estab-
lished that mid-early popcorn hybrids (IKR 30 x IKR 2-3), (IKR 2-3 x IKR 9-2) x IKR 4, (IKR 30 x IKR 24)
x IKR 37 and mid-ripening hybrids (IKR 11-9 x IKR 16/75/24-5), (IKR 15-2 x IKR 37/17/72-5) x IKR 21,
(IKR 30 x IKR 2-1) had high yield and drought resistance.
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Introduction. Earth's warming climate is
one of the crucial challenges of our time. Green-
house gas emissions have already led to a 1.1°C
rise in global average air temperature, and could
reach 1.5 °C in the period from 2030 to 2052,
according to the Intergovernmental Panel on
Climate Change (IPCC), thus increasing the
frequency of extreme droughts worldwide [1].

In Ukraine, the average air temperature in
summer increased by 1.3 °C, in winter by 0.9 °C,
in spring by 0.9 °C, and in autumn by 0.4 °C. If
analysed on a monthly basis, the largest increase
in average temperature occurred in two months:
January (by 2.3 °C) and July (by 1.4 °C) com-
pared to the long-term average [2].

The Northern Steppe of Ukraine is cha-
racterised by frequent and severe droughts. Ac-

Author information:

cording to A. O. Babych and A. A. Babych-
Poberezhna, zonal atmospheric droughts have
occurred in spring and autumn in the Steppe of
Ukraine about 30 times over the past 100 years.
Summer atmospheric droughts in the Steppe
zone are more frequent than spring and autumn
droughts; there were 45 droughts in the South of
the zone and about 40 ones in the North over the
century [3].

At the same time, if the average annual air
temperature rises by 1.5 °C in 2020-2050, every
second season could be dry [2]. Therefore, eva-
luation of hybrids for drought resistance is re-
quired to select the best samples that can with-
stand severe hydrothermal conditions.

Poor drought tolerance of plants is a feature
of popcorn, which is often caused by a less deve-
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loped root system compared to grain maize [4, 5].

According to S. H. Kamphorst et al, water
deficit is one of the most limiting abiotic factors
for the formation of productivity of this crop.
Drought stress significantly affected the volume
of popcorn per hectare, the 100 grain weight and
the greenness index (SPAD index). The de-
crease in grain yield of popcorn hybrids under
the influence of drought was 55.29 %, and the
popping expansion of grain decreased by
29.19 % [6, 7].

Maize is most vulnerable to moisture defi-
cit in the period from the beginning of tasseling
stage to waxy ripeness. During flowering, the
plant uses 8-9 mm of water daily, and 170—
180 mm over the entire period of grain filling.
Popcorn yields are halved in case the plants
remain wilted for 4 days in the period from pol-
lination to milky ripeness [8].

The research was aimed at determining
the drought tolerance of popcorn hybrids under
air and soil drought conditions and identifying
the best genotypes for further research.

Materials and Methods. The material for
the research was 58 popcorn hybrids that were
subjected to competitive variety testing. The
Shans hybrid (FAO 260) and Hostynets hybrid
(FAO 320) were used as standards. The experi-
ments were conducted at the Laboratory of Food
Maize Breeding at the Synelnykove Breeding
and Research Station of SE Institute of Grain
Crops of NAAS of Ukraine during 2020-2021.

Agricultural practices used in the research
were generally accepted for the Northern Steppe
of Ukraine. The plot area was 8.4 m?; the exper-
iment was repeated three times. Sowing of pop-
corn hybrids was carried out with a plot drill,
and the harvest was collected with a Winter-
steiger Delta plot combine. The harvesting re-
sults were recalculated to 14 % grain moisture
content [9].

To study the response of hybrids to

drought, an index approach was used, which
was based on both tolerance and susceptibility
of genotypes to moisture deficit [10]. The fol-
lowing indices were calculated [11]:

— stress susceptibility index —

Ys Ys
SSI=1-3/1-¢ (1)
— tolerance index — TOL = Y, - Y 2
— mean productivity — MP = Tpt¥s (3)
— yield stability index — YSI = j—p @)
— vyield index — YI = ; x 100 (5)
_ stress tolerance index — STI = 2 (6)
)2
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geometric mean productivity — GMP =
JH XY, (7)

where Y, — yield under optimal condi-
tions; Y — yield under stressful conditions; YP —
average Yyield of all hybrids under optimal condi-
tions; Y, — average vield of all hybrids under
stressful conditions.

For each index, the median was calcula-
ted, which characterised the mean variance of
its manifestation. The lower level of the median
of SSI and TOL indices and the higher level of
MP, YSI, YI, STI, GMP indices were respon-
sible for drought tolerance of genotypes [12].

Mathematical data processing was carried
out by means of special software Microsoft Of-
fice Excel (Statistica) on a personal computer. The
statistical reliability of the experimental data
was calculated according to P. P. Litun et al. [13].

Results and Discussion. According to the
Synelnykove Agrometeorological Station, the
weather conditions were extremely dry in 2020
(Table 1).

Despite the cold and wet May, only
69.2 mm of precipitation fell over the summer,
or 36.2 % of the long-term average, and the air
temperature was 1.5-3.0 °C above the long-term
average.

Table 1. Hydrothermal conditions during the growing season of maize hybrids, 2020-2021

o Sum of effective temperatures Hydrothermal
Month I t Precipitation, mm I t above 10 °C coefficient (HTC)
ong-term ong-term
average 2020 2021 average 2020 2021 2020 2021
May 50.0 66.5 334 179.0 121.3 185.9 55 1.8
June 59.0 28.8 181.9 284.0 361.8 296.0 0.8 6.1
July 61.0 25.1 126.8 348.0 392.0 421.5 0.6 3.0
August 35.0 15.3 39.3 323.0 393.8 398.9 0.4 1.0
September 36.0 9.5 22.3 148.0 288.0 163.2 0.3 14
Total 241.0 145.5 403.7 1282.0 1556.9 1465.5 - -
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In contrast to the previous year, 2021 was
very rainy. Precipitation fell to 403.7 mm from
May to September (168 % of the long-term ave-
rage). The highest precipitation was 181.9 mm in
June and 126.8 mm in July. At the beginning of
the popcorn growing season, average monthly
temperatures were close to the long-term average,
and in July and August they exceeded them by
2.7 °C and 2.8 °C, respectively.

Soil moisture content was determined by
the hydrothermal coefficient according to
G. T. Selianinov [14]. The data analysis showed

that soil moisture content was sufficient only in
May 2020, while in June there was a mild
drought, in July — medium, and in August and
September — extremely severe drought. During
the growing season in 2021, the soil moisture
content was sufficient or excessive (Table 1).
The heat and dry conditions of 2020 had a
negative impact on popcorn yields. The mini-
mum vyields for mid-early hybrids were
1.01t/ha, and for mid-ripening hybrids -
1.00 t/ha, while the maximum vyields were
1.86 t/ha and 2.26 t/ha, respectively (Table 2).

Table 2. Grain yield of popcorn hybrids, 2020-2021

Number of Yield, t/ha

Maturity group | hybrids, pcs. Indicator 2020 2021
X £ tsy 1.37+£0.18 4.29+0.18

Mid-early 97 min 1.01 3.25

max 1.86 5.38

Shans, standard 1.86 5.33
X =+ tsg 1.43+0.18 4.62 +0.18

Mid-ripening 31 min 1.00 3.19

max 2.26 6.53

Hostynets, standard 1.54 6.04

LSDgs 0.50 0.52

Average grain yields were 3.1 times lower
for mid-early hybrids and 3.2 times lower for mid-
ripening hybrids in 2020, compared to favourable
weather conditions in 2021.

In 2020, the best grain yields were achieved
by such mid-early hybrids as Shans - 1.86 t/ha; F;
(IKR 30 S x IKR 2-3 VS) — 1.84 t/ha; F; [(IKR
75-1 x IKR 37-2) x IKR 15-1] — 1.72 t/ha; F;
[(IKR 2-3 x IKR 9-2) x IKR 4] — 1.69 t/ha, and in
2021 — F; [(IKR 30 x IKR 2-1) x IKR 35] —
5.38 t/ha; Shans - 5.33 t/ha; F; [(IKR 35 x IKR
16-1) x IKR 37/17/72-5] — 5.25 t/ha; F; [(IKR 35 x
IKR 16-1) x IKR 2-3] —5.08 t/ha. Over two years,
the following hybrids stood out on average: Shans —
3.60 t/ha; F; (IKR 30 S x IKR 2-3 VS) — 3.46 t/ha
and Fy [(IKR 30 x IKR 2-1) x IKR 35] — 3.43 t/ha.

In 2020, the following combinations were
distinguished among the mid-ripening hybrids: F;
(IKR 30 x IKR 2-1) — 2.26 t/ha; F; (IKR 11-9 x
IKR 16/75/24-5) — 2.18 t/ha; F; (IKR 30 S x IKR
3-6 VS) — 2.04 t/ha; F; (IKR 30/1 x IKR 35) —
1.90 t/ha, and in 2021 — F; (IKR 30/1 x IKR 35) —
6.53 t/ha; F; (IKR 119 x IKR 37/17/72-3) —
6.34 t/ha; Hostynets — 6.04 t/ha; F; [(IKR 2-3 %
IKR 9-2) x IKR 1] — 6.02 t/ha. The highest yields
on average for two years were shown by F; (IKR
30/1 x IKR 35) — 4.22 t/ha; F; (IKR 11-9 x IKR
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16/75/24-5) — 4.0 t/ha and F; [(IKR 2-3 x IKR 9-
2) x IKR 1] — 3.89 t/ha.

The following indices were calculated to
determine the drought tolerance of popcorn hyb-
rids: SSI — stress susceptibility index (1), TOL —
tolerance index (2), MP — mean productivity (3),
YSI — yield stability index (4), Y1 — yield index
(5), STI — stress tolerance index (6) and GMP —
geometric mean productivity (7). Table 3 shows
the variation of drought tolerance indices of
tested hybrids and indices of standards.

Stress susceptibility index (SSI) describes
the sensitivity of a genotype to drought. The lower
the value of this index, the greater the drought
tolerance of plants. Among the popcorn hybrids,
the lowest level of stress susceptibility index
was in F1 (IR 30 S x IR 3-6 VS) — 0.71, and the
highest — in F; [(IR 35 x IR 16-1) x IR 37/17/
72-5] — 1.19. Shans standard (0.96) had a better
drought tolerance compared to Hostynets stand-
ard (1.01), according to the stress susceptibility
index. Values of this index lower than the medi-
an level were also observed in 29 other hybrids.

The drought tolerance index (TOL) indi-
cates the grain yield losses of the popcorn hyb-
rid under the influence of drought in absolute-
units, and its high value corresponds to the sus-
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Table 3. Variation of drought tolerance indices in popcorn hybrids, 2020-2021

Variation Drought tolerance indices
parameters SSI* TOL, t/ha | MP, t/ha YSI Y1, % STI GMP, t/ha
Limits min 0.71 1.88 2.22 0.19 69.9 0.19 1.89
max 1.19 4.69 4.22 0.52 158.0 0.52 3.52
Median 1.01 2.95 2.88 0.31 96.9 0.31 2.45
Shans, standard 0.96 3.47 3.60 0.35 130.1 0.35 3.15
Hostynets, st. 1.01 450 3.79 0.25 107.7 0.25 3.05

Note. * SSI - stress susceptibility index, TOL - tolerance index, MP - mean productivity, YSI - yield stability
index, Y1 - yield index, STI - stress tolerance index, GMP - geometric mean productivity.

ceptibility of the genotype to water stress. The
minimum values of this index were observed in
the F; hybrid (IKR 30 S x IKR 3-6 VS) —
1.88 t/ha, and the maximum values - in the F;
hybrid (IKR 11-9 x IKR 37/17/72-3) - 4.69 t/ha.
Standards Shans and Hostynets were character-
ised by a high level of tolerance index, 3.47 t/ha
and 4.50 t/ha, respectively. High drought tole-
rance according to this index was observed in
30 maize hybrids.

The mean productivity (MP) of popcorn
hybrids was calculated in an optimal and dry
year, which determines their response to drought
conditions. According to our research, this indi-
cator ranged from 2.22 t/ha to 4.22 t/ha, and the
mean productivity median was 2.88 t/ha. The
mean productivity was higher than the median
level in 27 hybrids, the best of which was F;
(IKR 30/1 x IKR 35) with a yield of 4.22 t/ha.
The Shans and Hostynets standards had produc-
tivity above the median value.

Yield stability index (YSI) is defined as
the ratio of yield in dry conditions to yield in
optimal conditions. The highest index was
demonstrated by the F; hybrid (IKR 30 S x IKR
3-6 VS) — 0.52, and the lowest index — 0.19 — by
the F1 hybrid [(IKR 35 x IKR 16-1) x IKR
37/17/72-5]. The Shans standard had an index
above the median value of 0.35, and the
Hostynets hybrid had a lower index of 0.25.

The vyield index (YI) is the ratio of the
yield of a certain popcorn hybrid in dry condi-
tions to the mean yield of all hybrids in the
same year in percentage terms. The fluctuation
range of yield index was from 69.9 % for the F;

hybrid [(IKR 17-2 x IKR 37) x IKR 35/8-3] to
158 % for the F; hybrid (IKR 30 x IKR 2-1).
The index was higher than the median level in
30 hybrids, including standards Shans -
130.1 % and Hostynets — 107.7 %.

Stress tolerance indices (STI) identified
hybrids with high yields in both dry and optimal
weather conditions, so this index describes the
ability of a genotype to maintain a stable yield
level regardless of environmental factors. Ac-
cording to the results of the studies, the highest
stress tolerance index was 0.52 in the F; hybrid
(IKR 30 S x IKR 3-6 VS), and the lowest was
0.19 in the F; hybrid [(IKR 35 x IKR 16-1) x
IKR 37/17/72-5]. The Shans standard had a
higher value of this index than the median, as
well as 28 other popcorn hybrids, while the
Hostynets standard had a low value (0.25) of the
stress tolerance index.

The geometric mean (or proportional mean)
productivity (GMP) characterises the relative
yield, as drought stress can vary in its severity
over the years. The highest indicator was 3.52
t/ha in the F; hybrid (IKR 30/1 x IKR 35), and
the lowest was 1.89 t/ha in the F; hybrid [(IKR
2-3 x IKR 37) x IKR 4]. This indicator was
higher than the median level in 31 hybrids, in-
cluding Shans (3.15 t/ha) and Hostynets (3.05 t/ha).

According to the results of the research,
22 drought-tolerant hybrids (or 36.7 %), which
had the corresponding indices for 5-7 indica-
tors, were identified. Table 4 shows the best
hybrid combinations that combined drought
tolerance with high yields.

Conclusions. According to our research,

Table 4. Average grain yield and deviation of drought tolerance indices from the median
in popcorn hybrids, 2020-2021

Average | Deviation of drought tolerance indices from the median

Hybrid combination yield, SSI TOL, | MP, | YSI | YI, | STI | GMP

FAO t/ha t/ha | t/ha % t/ha
1 2 3 4 5 6 7 8 9 10

F1 (IKR 11-9 x IKR 16/75/24-5) 320 3.81 -0.13 | 0.31 | 0.93 | 0.09 | 55.,5 | 0.09 | 0.99
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Table 4 continuation

1 2 3 4 5 6§ 1 7 1 8 1 9 | 10
Shans, standard 260 3.60 -0.05 052 | 072|004 | 332|004 ]| 0.70
Fi [(IKR 15-2 < IKR 37/17/72-8) | 350 | 355 | -0.06 | 0.44 | 0.67 | 0.04 | 32.5 | 0.04 | 0.66
% IKR 21]

Fy (IKR 30 x IKR 2-1) 320 | 353 | 023 | 042 | 065 | 016 | 61.1 | 0.16 | 0.84
Fy (IKR 30 S x IKR 2-3 VS) 280 | 346 | -0.07 | 028 | 058 ] 0.05 | 318 | 0.05 | 0.60
F. [(IKR 2-3 x IKR 9-2) x IKR 4] | 280 | 3.34 | -0.04 | 035 | 0.46 | 0.03 | 21.3 | 0.03 | 0.45
F1 [(IKR 30 S x IKR 24 Z8) x ]

TR 37 V8] 280 | 314 | -001 | 027 | 026001101001 025
Median i i 101 | 295 | 2.88 | 031 | 96.9 | 031 | 2.45

Note. * SSI - stress susceptibility index, TOL - tolerance index, MP - mean productivity, YSI - yield stability
index, YI - yield index, STI - stress tolerance index, GMP - geometric mean productivity.

it was found that high yield and drought tolerance
in the mid-early group were observed in the pop-
corn hybrids: Shans standard and tested hybrids F;
(IKR 30 S x IKR 2-3 VS); F1 [(IKR 2-3 x IKR 9-
2) x IKR 4] and F1 [(IKR 30 S x IKR 24 VS) x
IKR 37 VS]; and in the mid-ripening group — F;
hybrids (IKR 11-9 x IKR 16/75/24-5); F1 [(IKR 15-
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AktyanbHicTh. [ligzona IliBHiuHOTO CTemy YKpaiHM XapakTepu3yeTbCs CHIIBHUMH IOCYXaMH, SIKi
NPU3BOSATH JI0 3HAYHOTO 3HW)KEHHS YPOXKAHOCTI KYKYpyI3u po3iycHol (Zea mays everta Sturt.). ¥V 3B’s3ky
13 MM JTy’Ke BOXKIUBO POOHTH OIIHKY TiOpHIiB Ha IOCYXOCTIHKICTh AJIsl TOOOpY HAMKpaIIux 3pasKiB, 3/1aT-
HUX BUTPUMYBATH CKIIAIHI TiAPOTEPMidHI YMOBH BUPOIIyBaHHSA. MeTa IOCIiKeHb Mosraia y BU3HAYeHH1
MOCYXOCTIMKOCTI TiOpuAiB KyKypyA3H pO3IyCHOI 3a YMOB MOBITPsIHOI 1 IpyHTOBOI mocyxu. Marepiaau ta
MeToau. Marepiajaom Juist TpoBeIEHHsI JOCTiKEHb Oyiu 58 TiOpuaiB KyKypyA3H PO3IYCHOI, SIKi MPOXOAMIH
KOHKYpCHE BHIIPOOYBaHHS. 3a CTaHJApTH BHKOPHCTOBYBaHM cepeaHbopanHii riopun Illanc i cepenHbo-
crurnuii riopun ['octunens. Jocmian npoBoaumucs Biponosxk 2020-2021 pp. y naboparopii cenexuii Kyky-
PY/I3U XapuoBOTO HAmpsMy BUKOpHCTaHHS Ha CHUHEIBLHUKIBCHKIN celekiiiHo-nocinuii cranmii Y Inctu-
TyT 3epHOBHX KynbTyp HAAH Vkpaiau. Jlns BuB4UeHHs peakiii TiOpuaiB Ha MOCyXy OyB BHKOPHCTaHUI
IHACKCHHUHA TMiXiJ, SIKUi 0a3yBaBcs K Ha CTIHKOCTi, TaK i Ha YyTJIMBOCTI T€HOTHUIIB A0 Ae(iIlUTy BOJOTH.
PesyabTaTu. Bererauiiinuii nepiox 2020 p. OyB xapkuM i nocyumuBuM Ha BiaMmiHy Big 2021 p. Cepenni
3HAaYeHHsI BPOXKAWHOCTI 3epHA y HECTIPUATIMBUI 3a MOTOAHUMH YMOBaMH PiK, y TOPIBHSIHHI 31 CIPUATIH-
BUM, OyJTM MEHIIIMIMH /ISl CepeIHhOpaHHIX TiopuaiB y 3,1 pasu, a ans cepennpocTurinx — y 3,2 pasu. Taki
MOTOJIHI YMOBHU 3a0€3MeUIIN OLiHKY TiOpHIiB KyKYpyA3H PO3IYCHOI Ha CTIMKICTh A0 MOCYXH. Byrno BcTa-
HOBJIeHO, 0 22 ribpuna (36,7 %) BU3HAHI MOCYXOCTIHKUMH, OCKIJIBKM Malld BiAMOBiAHI iHAEKCH 3a 5—7
nmokazHukamu. CTaHmapT cepeqHOPaHHboI Tpymy, riopuy [llanc, Takoxk 6yB mocyxocriiikiuM. BucHoBku. 3a
pe3yibTaTaMH TPOBEJCHUX AOCIHIIKEHb BCTAHOBIICHO, IO Y CEPEeJHBOPaHHIM TPyIi BHCOKY BpOKaiHICTh
3epHa i MOCYXOCTiliKicTh Maiu ekcriepuMenTanbHi riopuan F1 (IKP 30 C x IKP 2-3 BC); F1 [(IKP 2-3 x IKP
9-2) x IKP 4] ta F1 [(IKP 30 C x IKP 24 3C) x IKP 37 ], a y cepenupocturiiii — F1 (IKP 11-9 x IKP 16/75/24-
5); F1 [(IKP 15-2 x IKP 37/17/72-5) x IKP 21] Ta F1 (IKP 30 x IKP 2-1).

Kniouoei cnoea: xyxypyosa po3nycHa, cenekyis, CMIlUKiCmb, nocyxd, iHOeKcU NOCYXOCHMIlIKOCi,
8pOdICAliHICb 3epHa
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