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ABSTRACT

The present experiment was conducted at Bharatpur-15, Fulbari, Chitwan,
Nepal from 1st Dec 2017 to 9th May 2018 to evaluate the performance of eight
single cross maize hybrids. The single cross maize hybrids were Shresta,
Bioseed 9782, Rajkumar, Ganga kaveri, Rampur hybrid-6, RML-86/RML-96,
Rampur hybrid-4 and RML-95/RML-96 and were evaluated in a random-
ized complete block design with three replications. Data were recorded on
flowering traits, yield attributes and grain yield. The results revealed that
the lowest days to tasseling and days to anthesis were found in Shrestha
and these traits were highest in Rampur hybrid-6. The hybrid Bioseed9782
produced the highest cob length (21.33 cm) and cob diameter (17.67 cm). The
hybrid Bioseed 9782 produced the highest grain yield (15.96) followed by
Gangakaveri (14.26 t ha−1) and Shresta (12.12 t ha−1). The hybrid Bioseed
9782 produced the highest standard heterosis (64.81%) followed by Gan-
gakaveri (47.16%) and Shresta (25.14%). The finding of this experiment
suggested that maize hybrids Bioseed 9782, Gangakaveri and Shresta can
be commercially grown for higher grain production in Chitwan and similar
agro-climatic regions.
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1 Introduction

Maize is one of the most important cereal crops,
which is cultivated throughout the world for the pur-
pose of food grain, feed, and forage and it has the
highest productivity among cereals. Maize has a very
high yield potential than any other cereal and thus
is popularly known as the ‘queen of cereals’ (Singh,
2002). In Nepal agriculture contributes to an average
33% to GDP and 65.6% people depend on agricul-
ture for livelihood (MoAC, 2014). Cereal crop share
about 49.41% to agriculture GDP. The total produc-
tion of maize was 2.30 million tonnes and the national
average yield of maize is 2.5 t ha−1 (MoAD, 2017).
Beside direct consumption as food, it is also an im-
portant source of industrial raw materials such as

starch, dextrose, oil sugar, syrup, enzymes, adhesive
paper and plastics (Kandel et al., 2018). Demand of
maize in Nepal has been growing by about 7% each
year because of the growth of demand for food and
livestock feeds for milk, meat and egg production in
approachable areas including the hill region (Pathik,
2002). Development of hybrids is the best alternative
to increase production and productivity of maize in
Nepal (KC et al., 2015). Nowadays, maize hybrids
with chilling tolerance become great concern; because
Nepalese farmers growing hybrids mainly in subtrop-
ical southern plain including Bara, Chitwan (Octo-
ber/November to March/April) in commercial-scale
(Adhikari et al., 2015). Therefore, anthesis and grain
filling coincide with subtropical chilling winter in the
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plain. Chilling damages phenomena of preparation
of microsporogenesis to pollen metabolism. It leads
to serious irreversible yield loss. So, Nepalese plant
breeders must work in this direction.

Flowering is the major trait of any crop species.
Flowering in maize indicates the dehiscence of an-
thers in male inflorescence and the emergence of silks
from ears. Maize is a monoecious plant species but
male and female inflorescences are found in a dif-
ferent region in the plant. Male staminate flowers
located on the apical inflorescence (tassel) with cen-
tral main spike and lateral branches and female pis-
tillate flowers located on one or more lateral inflores-
cence are unbranched grain bearing ear (Cheng and
Pareddy, 1994).

The development of hybrid maize is the most sig-
nificant milestone in agriculture (Reif et al., 2003).
In the nineteenth century, hybrids production was
common through the selection of individual desir-
able plants (Duvick, 1985).While Darwin and other
naturalists recognized heterosis or hybrid vigor. Het-
erosis is defined as the superiority of the F1 hybrid
over both the parents in terms of yield and/or some
other characters. The term heterosis was first used
by Shull in 1914 (Shull, 1948). Three main hypothe-
sis have been used to explain heterosis, Jones (1917)
through dominance, Hull (1945) through over domi-
nance and Powers (1944) through epistasis. Hybrid
maize was almost immediately accepted by farmers
because hybrid phenotypes were homogeneous pro-
vided better yields with good quality grain, resistance
to disease, insect and pest and some other desirable
agronomic traits and it was more convenient to let a
supplier manage collection, storage and packaging of
seed for the new crop (Mukherjee, 2014). Therefore,
researchers are more concern to developed superior
hybrids for grain yield and other agronomic as well as
flowering traits. This study was conducted to support
everlasting process for the exploitation of superior
maize hybrid for grain yield and yield attributing
character along with flowering behaviors.

2 Materials and Methods

2.1 Description of the study site

This experiment was carried out at Bharatpur-15, Ful-
bari, Chitwan, Nepal. Geographically, the location
was situated at 27°63′ N latitude and 84°36′ E longi-
tude with an elevation of 194 masl. The soil type is
sandy loam and the climatic pattern of the research
area was humid sub-tropical with an annual rainfall
of 2000 mm (mostly distributed from June to Septem-
ber in summer). The climatic data during the experi-
ment was given in Table 1.

2.2 Planting materials

Eight single cross maize hybrids were received from
Agriculture Botany Division, Khumaltar, Nepal and
Dawadi Agrovet, Narayangarh, Chitwan, Nepal and
were used as experimental materials. The details of
these hybrids were given in Table 2.

2.3 Experimental design, treatment de-
tails and cultural practices

The experiment was conducted in Randomized Com-
plete Block Design (RCBD) with three replications.
Each replication was divided into two blocks of four
genotypes with 3.75 m2 (2.5m × 1.5m) of plot size in
each. Block and replication were separated with 0.5
m. Each plot included 20 plants to keep plant density
53333 plants ha−1. The hybrids were planted at on
1st Dec 2017 and harvested on 9th May 2018. The hy-
brids were used as treatments. The transplanting was
done manually with 1-2 seed per hill with a cropping
geometry of 75 cm × 25 cm. Then organic manure
was applied @ 33 t ha−1 after the rice harvest. The
field was finely tilled and well leveled by rotavator 2
days prior to sowing. Chemical fertilizers @120:60:40
kg N2, P2O5 and K2O ha−1 be applied through urea,
DAP and MOP. Fifty percent N, full doses of DAP
and MOP were applied at basal dose (Kunwar and
Shrestha, 2014). The remaining half dose N was top-
dressed at 49 and 89 days after sowing (DAS) with
furrow Irrigations through a shallow tube well of 4"
pipe. Soil loosening and weed removal and earthing-
up was done manually first on 31 DAS and second on
43 DAS. Crop harvested on 160 days and threshing
was done manually.

2.4 Data collection

The data on cob length, cob diameter, biomass, har-
vest index, grain yield, days to tasseling, days to an-
thesis, days to silk initiation and days to silk senes-
cence were recorded according to the protocol devel-
oped by National Maize Research Program, Rampur,
Chitwan, Nepal. Grain yield was obtained by adjust-
ing the grain moisture at 15% and converted to the
grain yield ha−1 with the help of the formula adopted
by Carangal et al. (1971) and Shrestha et al. (2019).
Standard heterosis had been computed for yield and
yield attributing traits considering Rampur hybrid-6
as reference. Standard heterosis was estimated using
the formula suggested by the Falconer et al. (1996).

2.5 Statistical analysis

The significant differences between genotypes were
determined using least significant difference (LSD)
test at the probability level of 0.01 or 0.05 where the
effects of the treatments were significant at 1% or 5%
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Table 1. Climatic data of the study site during the experiment

Date RH% Temperature (°C) Rainfall (mm)
Max. temp. Min. temp.

2017-Dec 94.85 25.49 11.62 0
2018-Jan 95.5 20.92 8.52 0.6
2018-Feb 86.84 26.4 12.64 0
2018-Mar 70.61 32.62 18 26
2018-April 68.07 34.49 22.27 35.1
2018-May 71.21 34.38 24.32 14.5

Table 2. Name and sources of planting materials used in the study

SN Maize hybrids Sources

1 Shresta Hamro Agrovet, Narayangarh, Chitwan, Nepal
2 Bioseed 9782 Hamro Agrovet, Narayangarh, Chitwan, Nepal
3 Rajkumar Hamro Agrovet, Narayangarh, Chitwan, Nepal
4 Ganga kaveri Hamro Agrovet, Narayangarh, Chitwan, Nepal
5 Rampur hybrid-6 Agriculture Botany Divison, Khumaltar, Lalitpur, Nepal
6 RML-86/RML-96 Agriculture Botany Divison, Khumaltar, Lalitpur, Nepal
7 Rampur hybrid-4 Agriculture Botany Divison, Khumaltar, Lalitpur, Nepal
8 RML-95/RML-96 Agriculture Botany Divison, Khumaltar, Lalitpur, Nepal

level of probability, respectively (Gomez and Gomez,
1984). All collected data were entered in Microsoft
Excel 2016 and analyzed by using GENSTAT (version
14; VSN International, Hemel Hempstead, UK).

3 Results and Discussion

3.1 Yield and yield attributing traits

Hybrids have exhibited significant differences from
stand point of cob length, cob circumference, biomass,
Grain yield, Days to 50% tasseling, anthesis, silk initi-
ation and 100% Silk senescence (Table 3). In this ex-
periment, Bioseed-9782 showed significantly higher
grain yield followed by Gangakaveri and Shresta
whereas Rajkumar was the lowest yielder. Higher
grain yielder Bioseed-9782 characterized by higher
cob length, cob diameter, biomass lower Days to 50%
tasseling, Days to 50% anthesis, Days to 50% silk ini-
tiation and Days to 100% silk senescence. Berhanu
(2009) reported ear diameter was positively correlated
with grain yield. The lowest grain yielder hybrid Ra-
jkumar was characterized by the lowest harvest index,
cob length and cob diameter. The maize hybrids de-
veloped by different seed companies with various
genetic backgrounds might be the major causes of
variability in performance among them. Shrestha
et al. (2015) from two years observation recorded that
there was significant variation in eighteen maize hy-
brids for flowering and grain yield.

Heterosis in the reference of Rampur hybrid-6
has been computed (Table 4 and Table 5). Stan-

dard heterosis of tested single cross maize hybrids
were ranged from −17.74% (RML-86/RML-96) to
3.23% (Bioseed 9782) for cob length, only the hybrid
Bioseed 9782 show positive heterosis for cob length.
The standard heterosis for cob circumference was
ranged from −10.64% (Rampur Hybrid-4) to 12.77%
(Bioseed 9782). The highest positive standard het-
erosis for cob circumference of check variety (Ram-
pur hybrid-6) was recorded in hybrid 12.77 (Bioseed
9782) fallowed by 10.64 (Shresta) and 8.51 (Rajkumar),
whereas Sharma et al. (2016) reported >15% standard
heterosis for cob length and >45% standard hetero-
sis for cob circumference in their tested single cross
maize hybrids. Similarly standard heterosis for plant
height ranged from −14.89 (RML-86/RML-96 and
Rampur Hybrid-4) to 14.89 (Rajkumar). Upreti et al.
(2020) also reported similar finding. Standard hetero-
sis for days to 50% anthesis of plant population, 50%
tasseling and days to 100% plant senescence were
ranged from −9.42, −10.09 and −6.08 (shresta) to
−0.91, −0.61 and −0.83 (Rampur hybrid-4), respec-
tively. Days to 50 % silking was ranged from −7.74
(shresta) to −0.31(RML-95/RML-96). The results in-
dicated that all the tested varieties were early flower-
ing than check variety (Rampur Hybrid-6). Tripathi
et al. (2016) reported genotypic variability among
maize hybrids at Rampur, Chitwan, Nepal. The geno-
typic variability in maize was also reported by Kandel
et al. (2018), Dhakal et al. (2018), Shrestha et al. (2015),
Shrestha et al. (2016) and Prasai et al. (2015). Stan-
dard heterosis for grain yield of hybrids ranged from
−10.35 (Rajkumar) to 64.81 (Bioseed 9782) fallowed
by 47.16 (Gangakaveri) and 25.14 (Shresta). Shrestha
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Table 3. Mean performance of maize hybrids for grain yield and yield attributing traits

Maize hybrids Cob length (cm) Cob diameter (cm) Grain yield (t ha−1) Biomass (t ha−1) HI

Shresta 20ab 17.33ab 12.12c 25.81c 0.47b
Bioseed 9782 21.33a 17.67a 15.96a 32.92a 0.46c
Rajkumar 20.33ab 17abc 8.68d 25.45c 0.36f
Gangakaveri 19.67abc 16.33bcd 14.26b 29.21b 0.48a
Rampur hybrid-6 20.67ab 15.67d 9.69d 26.21c 0.36e
RML-86/RML-96 17d 16cd 9.38d 21.69d 0.43d
Rampur hybrid-4 18.67bcd 14e 9.67d 29.04b 0.36f
RML-95/RML-96 17.67cd 15.33d 9.88d 27.41bc 0.36e

Mean 19.42 16.17 11.21 27.21 0.41
SEm (±) 1.46 0.36 0.31 1.13 0
LSD(0.05) 2.12 1.05 0.98 1.86 0
F test ** ** ** ** **

**= highly significant at P ≤0.01, Mean followed by common letter (s) within each column are not significantly
different (P ≤0.05) by DMRT.

Table 4. Heterosis (%) of cob length, cob diameter, days to 50% tasseling, biomass and harvest index in
reference of Rampur hybrid-6

Maize hybrids Cob length Cob diameter Days to 50% tasseling Biomass Harvest index

Shresta −3.23 10.64 −10.09** −1.52 31.03
Bioseed 9782 3.23** 12.77** −7.34 25.58** 27.83
Rajkumar −1.61** 8.51 −7.03 −2.91 −1.3*
Gangakaveri −4.84* 4.26 −6.42 11.45 32.58**
RML-86/RML-96 −17.7* 2.13* −1.83* −17.22* 19.33
Rampur hybrid-4 −9.68* −10.64* −0.61* 10.78 −0.88
RML-95/RML-96 −14.5* −2.13* −1.53 4.58* −0.45*

Statistical significance is indicated by ** (p<0.01) and *(p<0.05)

Table 5. Heterosis (%) of days to anthesis, days to silking, days to silk senescence and grain yield in reference
of Rampur hybrid-6

Maize hybrids Days to 50% anthesis Days to 50% SI Days to SS Grain yield (t ha−1)

Shresta −9.42** −7.74** −6.08** 25.14*
Bioseed 9782 −6.38 −3.72 −4.42 64.81**
Rajkumar −5.78 −3.72 −3.59 −10.35*
Gangakaveri −5.78 −4.33 −1.66 47.16*
RML-86/RML-96 −0.91* −0.62* −1.1* −3.19*
Rampur hybrid-4 −0.91* −1.24 −0.83* −0.22
RML-95/RML-96 −1.52* −0.31* −1.38 1.99

Statistical significance is indicated by ** (p<0.01) and *(p<0.05); SI = silk initiation, SS = silk senescence
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Table 6. Days to tasseling and days to anthesis interval in maize hybrids

Maize hybrids Days to tasseling Days to anthesis

(25%) (50%) (75%) (100%) (25%) (50%) (75%) (100%)

Shresta 97.00d 98.00d 99.33c 101.7c 98.00d 99.33d 100.7d 102.3e
Bioseed 9782 99.67c 101.0c 102.3b 103.3b 101.3c 102.7c 103.7c 104.3d
Rajkumar 100.0c 101.3c 102.3b 103.7b 102.3c 103.3c 104.3c 105.3cd
Gangakaveri 100.7c 102.0c 103.0b 104.3b 102.3c 103.3c 104.3c 106.0c
Rampur hybrid-6 108.7a 109.0a 109.7a 110.0a 109.3 a 109.7a 110.3a 111.0a
RML-86/RML-96 106.0b 107.0b 108.0a 109.0a 107.7ab 108.7ab 109.0b 109.3b
Rampur hybrid-4 106.7b 108.3ab 108.7a 109.7a 108.3ab 108.7ab 109.7ab 110.0ab
RML-95/RML-96 106.3b 107.3ab 108.0a 109.0a 107.3b 108.0b 109.0b 109.7b

Mean 103.13 104.25 105.17 106.33 104.58 105.46 106.38 107.25
SEm (±) 1.26 1.07 0.98 0.66 1.02 0.6 0.41 0.36
LSD(0.05) 1.96 1.81 1.74 1.42 1.77 1.35 1.23 1.06
F test ** ** ** ** ** ** ** **

** = highly significant at P ≤0.01, Mean followed by common letter (s) within each column are not significantly
different (P ≤0.05) by DMRT.

Table 7. Days to silk initiation and days to silk senescence interval in maize hybrids

Maize hybrids Days to silk initiation Days to silk senescence

(25%) (50%) (75%) (100%) (25%) (50%) (75%) (100%)

Shresta 98.33d 99.33d 100.7d 102.3c 106.3d 108.7d 111.0e 113.3d
Bioseed 9782 102.7c 103.7c 104.0c 105.0b 109.3c 111.7c 113.7d 115.3c
Rajkumar 102.0c 103.7c 104.3c 105.0b 110.7c 113.3bc 115.0cd 116.3c
Gangakaveri 102.0c 103.0c 104.0c 105.3b 113.0b 115.0ab 116.7bc 118.7b
Rampur hybrid-6 106.7a 107.7a 108.3a 109.0a 116.0a 117.3a 119.0a 120.7a
RML-86/RML-96 106.3ab 107.0ab 107.7ab 108.3a 114.3ab 116.0a 117.3ab 119.3ab
Rampur hybrid-4 105.3b 106.3b 107.0b 108.0a 114.3ab 116.0a 117.7ab 119.7ab
RML-95/RML-96 106.3ab 107.3ab 107.7ab 108.3a 114.3ab 115.7ab 117.0ab 119.0ab
Mean 103.71 104.75 105.46 106.42 112.29 114.21 115.92 117.79

SEm (±) 0.42 0.38 0.41 0.31 1.48 1.79 1.15 0.95
LSD(0.05) 1.14 1.07 1.12 0.98 2.13 2.34 1.88 1.71
F test ** ** ** * ** ** ** **

** = highly significant at P ≤0.01, Mean followed by common letter (s) within each column are not significantly
different (P ≤0.05) by DMRT.
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Table 8. Tasseling anthesis interval, days of active tasseling and days of active silk initiation of the maize
hybrids

Maize hybrids Tassleling anthesis interval Days to active

(50%) (100%) tasseling anthesis silk initiation

Shresta 1.3abc 0.7 b 4.7a 4.3a 4.0a
Bioseed 9782 1.7ab 1.0ab 3.7 ab 3.0abc 2.3bc
Rajkumar 2.0a 1.7a 3.7ab 3.0abc 3.0abc
Ganga kaveri 1.3abc 1.7a 3.7ab 3.7 ab 3.3ab
Rampur hybrid-6 0.7bc 1.0ab 1.3c 1.7 c 2.3bc
RML-86/RML-96 1.7ab 0.3b 3.0b 1.7c 2.0c
Rampur hybrid-4 0.3c 0.3b 3.0 b 1.7 c 2.7bc
RML-95/RML-96 0.7bc 0.7b 2.7bc 2.3bc 2c

Mean 1.21 0.92 3.21 2.67 2.71
SEm (±) 0.45 0.21 0.71 0.78 0.44
LSD(0.05) 1.18 0.8 1.47 1.55 1.16
F test * * * * *

*=significant at P ≤0.05, Mean followed by common letter (s) within each column are not significantly different
(P ≤0.05) by DMRT.

et al. (2018) reported the ranged of heterosis from
−0.03 to 73.4%. Similarly, Gurung (2006) and Sharma
et al. (2016) also reported the ranged of heterosis from
−22% to 63.1% and more than 20% heterosis in single
cross maize hybrid, respectively. Standard heterosis
for above ground biomass was ranged from −17.22%
(Bioseed 9782) to 25.58% (RML-86/RML-96).

3.2 Flowering and reproductive behav-
iors of single cross maize hybrids

Variance analysis has been done by dissecting days
to tasseling as earliest 25%, second earliest 25% des-
ignated as 50%, third earliest 25% tasseling desig-
nated as 75%, terminally dissected 25% population
designated as 100%. In maize poor seed set occur at
the temperature above 380c mainly because of reduc-
tion in pollen germination and pollen tube elongation
(Dupuis and Dumas, 1990). Due to high temperature
during this experiment, flowering, tasseling, anthesis,
silk initiation and silk senescence become changes
more rapid that’s why active duration and interval
between them are very short. However, the duration
from silk initiation to silk senescence could not affect
silk receptivity Adhikari et al. (2015). The maize hy-
brids were highly significant different from the stand-
point of days for tassel emergence, days to anthesis,
days to silk initiation and days to silk senescence at
all designated (25%, 50%, 75% and 100%) popula-
tion (Table 6 and Table 7). Rampur Hybrids-4, RML-
86/RML-96 and RML-95/RML-96 required higher
days for tasseling and Shresta hybrid required mini-
mum day for tasseling. Whereas, Rampur Hybrid-6
has been completed anthesis earlier and Shresta hy-
brid required more days to complete anthesis. Shresta

hybrid fallowed by Bioseed 9782 starts to emerge silk
at minimum days whereas Rampur hybrid-6 required
more days to start.

Eight hybrids have been found significant for ac-
tive tasseling, anthesis and silk initiation period (days
from starting 25% to 100% plant population) (Table 8).
Shresta Hybrids has been more active duration of
all (tasseling, anthesis and silk initiation). Rampur
Hybrid-6 has low active duration of tasseling and
anthesis and RML-86/RML-96 has been minimum ac-
tive duration for silking. Terminal percent of late silk
emerging population may not receive pollen from the
same population (Adhikari et al., 2015). So, minute
analysis of flowering must be done from earlier step
of hybrid evaluation to the final. Variance analysis
has been done by dissecting days to TAI at 50% and
100% plant populations. The eight hybrids have been
found significant for TAI at both (50% and 100%)
plant populations (Table 8). Rajkumar hybrid has
long TAI in both 50% and 100% and Rampur hybrid-
4 has short interval.

4 Conclusion

The hybrids Bioseed 9782, Gangakaveri and Shresta
were superior than others in terms of grain yield and
standard heterosis for grain yield. Similarly, these
hybrids were early flowering compared to other eval-
uated hybrids. Moreover, hybrid Shresta required the
least days for flowering and long active duration for
tasseling, anthesis and silk initiation; which indicates
that Shresta hybrid may have the potential for more
grain yield. Therefore, this study suggested that these
hybrids can be utilized commercially for higher grain
production.
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