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Abstract

A full diallel analyses of 9 x 9, was made during
2016 Rabi season and evaluated under water-
logging condition during Kharif 2017 and normal
condition during Rabi 2017-18 in RCBD design
in the Agriculture research farm , BHU, Varanasi.
Remarkable genetic variability has been
observed. The means of secondary traits viz.,
ASI, nodes and with brace roots indicated a
strong relationship with grain vyield which
suggests that both additive and non-additive gene
actions are important for water-logging tolerance
in maize. Maximum average change was
observed by the characters brace roots per plant,
total nodes bearing brace roots, leaf area and 100
seed weight. A narrow difference was observed
for percent protein and TSS. The yield traits like
100 seed weight (2.06 % reduction) and declined
yield of about 0-45 % has been recorded. An
overall 1-3 % reduction in protein, 0.2-1.2
percent increase in sugar, 0.3-10.5 % increased
starch content has observed. There were about
10-11% increase in brace roots has also recorded.
Among the inbreds HKI-193-1 and HKI 1105
showed better response for various characters
under waterlogging, HKI 193-1 x PBNI 3-1,
PBNI 3-1 x HKI 193-1, PBNI 3-1 x CML-161,
HKI 193-1 x HUZM-152, HK1 193-1 x CML 163
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and HKI 193-1 x HKI 1105 cross combination
showed promising response and minimum yield
loss. The cross combinations expressed better as
compared to their parental lines.

Key words: Combining ability, maize, hybrids,
inbreds, water logging

Introduction

In tropical/sub-tropical environment, the extreme
climatic condition and biotic/abiotic stresses are
the major factors responsible for low yield
potential of crop plants. Changing climate has
resulted in increase of abiotic stresses which limit
the crop yields worldwide (Gosal et al., 2009;
Wani and Gosal, 2011; Sanghera et al., 2011;
Wani et al.,. 2013; Wani and Sah, 2014;
Gayatonde et al., 2017 and Lone et al., 2018).
Among the abiotic stresses, extremes of water
availability i.e. drought and excess water are
major constraints for production and productivity
of most of the crops, including maize. Excessive
soil moisture caused by waterlogging or a high
water table, is the most important constraints for
maize production and productivity in Asian
region (Zaidi et al., 2008). In India, waterlogging
is one of the most serious constraints. The present
genetic study analyzed the tolerance of maize to
water-logging stress (Campbell et al., 2015).
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Utilization of stress tolerant maize is the key to
sustainable production and food security
(Anonymous, 2014). Pokhrel et al., (2019)
carried out screening at an early seedling stage for
identification of drought tolerant genotypes in
maize.Maize is a C4 crop, requires rainfall of 60
cm to 110 cm annually. According to the
estimates of IFPRI and ADB, 2009, maize may
undergo a severe Yyield loss upto -17 per cent by
2050 as comparing to rice (-10 %) and wheat (-12
%). Out of total 9.4 million hectare area of maize,
about 2.5 million hectare is affected by excess
soil moisture problem that causes an average 25-
30 per cent loss of national maize production
almost every year (Anonymous, 2014). In case of
June planting it may coincide with flowering
which may interfere with the normal pollination
behavior and seed setting. The commonly
observed effects of waterlogging on maize are,
depletion of Oxygen in root zone- Anoxia and
hypoxia condition, reduction in vitamin and
amino acid accumulation in source. Yadav et al.,
(2017) observed  stunted growth whereas
differences in anthesis and silking were observed
(Zaidi et al., 2010), increased total soluble sugars
and starch, high ROS and other secondary
metabolites accumulation, reduced crop duration,
lodging and sterility, high yield penalty (Savita et
al., 2004) etc. In a broad classification there are
two Basis for waterlogging tolerance i.e Genetic
basis (Polygenic in nature, high GXE and low
heritability and several genes responsible are
Adhl, adh2, aldl, enol, eno2, gpcl, gpc2, gpc3,
gpc4, phi, pdcl, pdc2, pdc3, shl,wusll005) and
Physiological and biochemical basis (Increase in
brace roots and number of nodes bearing brace
roots for Oxygen uptake, SOD activation as first
line of defense against ROS, Conversion of
Hydrogen peroxide to water and oxygen and
increased starch due to loss of CHO due to partial
integrity loss of cell membrane). The chief
physiological differences viz., impaired growth,
reduced pollen production, changed position of
silk formation, barren cobs etc. (Picture 1).
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Inbred lines have been a basic resource for
fundamental and applied investigations in maize
improvement program. Combining ability
analysis provides useful information for parental
selection based on the progeny performance
which also provides information on the nature
and magnitude of gene action involved
(Gayatonde, 2018) in the expression of
quantitative traits (Dhillon and Singh, 1976). By
keeping these factors in view the present study
lays on the objective; assessing the physiological
and biochemical changes under waterlogged and
normal conditions and comparing the yield and
yield related traits.

Material and methods

The assessment of changes under waterlogging
conditions in maize consists of nine inbreds,
mated in 9 x 9 full diallel fashion in Rabi 2016-
17. The material was procured from AICRP (All
India Coordinated Research Program) on maize,
BHU, Varanasi. The 72 cross combinations along
with their parents were evaluated in RCBD
design in two consecutive seasons (Kharif 2017
and Rabi 2017-18). Each plot consisted of single
row of 5m long. The spacing between rows was
60cm and plant to plant was 20cm. One plant per
hill was maintained after proper thinning.
Observations were recorded on ten randomly
selected plants from each plot for Leaf area in
cm2(LA), ASI (Anthesis-silking interval), TSS
(Total soluble solids), Yield per plot in kgs
(YPP), 100 seed weight in grams (HSW), starch
(%), sugar (%), Protein (%), No. of nodes bearing
brace roots (NBB) and Total brace roots (BR).
The total soluble sugar content was determined
according to the phenol-sulfuric acid method and
a reading was made in the spectrophotometer at a
wavelength of 540 nm (Dubois et al., 1956). For
the crude protein content, grains were first dried
in an oven at 650C until they reached a constant
weight and ground in a pestle and mortar with a
sieve diameter of 1 mm and made ready for
analysis.
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The crude protein content by Kjeldahl method
(Bradstreet, 1954) of the grains was calculated as
% by multiplying the value found with the
coefficient of 6.25 (Bremner, 1965). The method
of acid hydrolysis for starch estimation was
adapted from Grotelueschen and Smith, 1967.
The mean rainfall of the two seasons during the
critical stages (mm) has taken for the comparision
(figure 1). The consecutive seasons (Kharif and
Rabi) were chosen to see the clear effect of
seasonal differences as well as moisture stress

effect rather than comparing the same set of
material for two different conditions (normal and
waterlogging) in a single season. Data were
analyzed for variance study. General combining
ability (GCA) and specific combining ability
(SCA) were estimated following Model |,
Method Il of Griffing (1956). For Statistical
analysis, Indowstat, software was utilized. Ten
characters under normal and waterlogging stress
are presented here for the comparison.

Picture 1: Various effects of Maize under waterlogged conditions: A: impaired ASI, B: Low/no pollen
production, C: Increased brace roots, D: No silk formation, E: Changed silk position, F & G: poor

seed set and H: hollow rind

Figure 1: Mean rainfall data of Kharif 2017 and Rabi 2017-18 at critical stages of plant growth
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Results and discussion

The mean rainfall data of Kharif and Rabi season
were compared at the critical stages (Fig 1). At
different stages knee height stage, flowering as
well as physiological maturity stages due to stress
several susceptible lines were lost. In the present
investigation, only the lines which could reach
the physiological maturity stage were considered
for phenotypic as well as biochemical analysis.
The pooled analysis of variance (Table 1),
revealed that the genotypes differed significantly
for majority of the traits. GCA (Table 2) of the
Nine inbred parents and SCA (Table 3) of the
promising cross combinations revealed the
significance differences between and variability
among the lines studied.

Further, analysis of variance for
combining ability showed that the estimates of
mean squares due to GCA and SCA were highly
significant for all the characters except protein
content for GCA (Table 2). This indicated the
importance of both additive and non-additive
components of genetic variances in controlling
these traits. Debnath and Sarker, (1990) and
Derera et al., (2007) reported similar results for
yield and yield components in maize. The higher
magnitudes of GCA variances were found for leaf
area and number of brace roots which indicated
the predominance of additive gene action.
According to Dhillon and Singh (1976), GCA
was more important than SCA for the inheritance
of brace root characters, sugar % and yield but not
for the phonological characters. Murthy et al.
(1981) observed predominance of additive gene
action for days to silking and non-additive gene
action for grain yield per plant. Das and Islam
(1993) also reported predominance of non-
additive gene action for grain yield. Combining
ability studies revealed higher SCA variance than
GCA variance and thus the GCA to SCA variance
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ratio was less than the unity indicating the
predominance of non-additive gene action. These
results confirmed the findings of Singh et al.,
(1983), Paul and Duara (1991), Vara Prasad and
Shivani (2017) and Maiga et al., (2021). Means
of secondary traits viz., ASI, nodes and with
brace roots indicated a strong relationship with
grain yield which suggests that both additive and
non-additive gene actions are important for
water-logging tolerance in maize. Therefore,
reciprocal recurrent selection under managed
water-logging stress conditions may be an
effective approach to increase the level of
tolerance to water-logging in maize and could be
used in developing water-logging tolerant
synthetic varieties and hybrids.

Out of ten character considered are
further checked for the average changes over the
two conditions (Table 4). Increasing trend has
been shown by percent sugar, starch, and root
characters under water stress, whereas other
characters showed moderate to high decline for
the trait under consideration. Out of all the
characters studied, inbred line HKI 193-1 found
promising for majority of the traits supporting
stress tolerance. Among the cross combinations,
HKI 193-1 x PBNI 3-1, PBNI 3-1 x HKI 193-1,
PBNI 3-1 x CML-161, HKI 193-1 x HUZM-152,
HKI 193-1 x CML 163 and HKI 193-1 x HKI
1105 (concluded from the figures 2-8) were the
promising crosses with minimum deviation in
yield per plot and related characters. Increasing
the brace roots prevent the plants from stress and
the best crosses also showed better brace rooting
habit. Increase in the development of brace root
in tolerant genotypes under water logged
conditions was identified as one of the stress
adaptive traits in maize (Subbaiah and Sach,
2003; Mano et al., 2005; Zaidi et al., 2007).
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The yield traits like 100 seed weight (2.06 %) and
yield of about 0-45 % reduction has been
recorded. An overall 1-3 % reduction in protein,
0.2-1.2 percent increase in sugar, 0.3-10.5 %
increased starch content has observed. There
were about 10-11% increase in brace roots has
also recorded. Ethylene production is a typical
response in waterlogged plants (Bailey-Serres
and Voesenek, 2008). Submergence dependent
ethylene accumulation plays an important role in
adventitious root emergence by favoring cell-
wall loosening through regulation of apoplastic
pH or up-regulation of expansin genes, which
promote cell-wall disassembly (Steffens and
Sauter, 2009). Jackson (1985) suggested that, in
flooded plants, only the outgrowth of preformed
primordia might be stimulated by ethylene,
whereas de novo root formation needs other
stimuli. Unlike rice plants, maize plants have no
naturally occurring air spaces in their roots.
Therefore, due to gradual decline in oxygen, plant
roots suffers from hypoxia (low oxygen)
followed by anoxia (no oxygen) and root rot

diseases which causes reduction of growth and
loss of yield (Dennis et al. 2000).

In conclusion the present study for the screening
of the inbreds under normal and waterlogged
conditions, 100 seed weight, leaf area, TSS and
brace root number showed maximum variations.
the parental lines, HKI 193-1, and HKI 1105 were
found to be the best general combiners for yield
and other desirable traits the cross combinations,
HKI 193-1 x PBNI 3-1, PBNI 3-1 x HKI 193-1,
PBNI 3-1 x CML-161, HKI 193-1 x HUZM-152,
HKI 193-1 x CML 163 and HKI 193-1 x HKI
1105 showed significant and positive SCA
effects. These parental lines and cross
combinations could be used for commercial
hybrid variety development with desirable traits
along with waterlogged tolerant checks in order
to identify the best hybrids for water stress
conditions. The stable inbreds can be further
subjected to molecular analyses and gene
introgressions to address multiple stress
conditions for varied or extreme climates across
India.
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Figure2: Maize inbred lines and their cross combinations
area

Figure3:Maize inbred lines and their cross combinations
under normal and stressed conditions for protein content
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Figure 4: Maize inbred lines and their cross combinations | Figure 5: Maize inbred lines and their cross
under normal and stressed conditions for sugar content. | combinations under normal and stressed conditions
1. Waterlogged 2. Normal condition for starch content. 1. Waterlogged 2. Normal condition
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Figure 6: Maize inbred lines and their cross combinations under
normal and stressed conditions for 100seed weight. 1.
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Figure 8: Maize inbred lines and their cross combinations under normal and stressed conditions for ASI and TSS. 1.
Waterlogged 2. Normal condition
Comparing ASI and TSS under normal and waterlogging conditions
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