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The experiment was conducted in Banke, Nepal, from February 2021 to May 2021 to find suitable
spacing and weed management practices for spring maize. The experiment was conducted in a split-
plot design in which main plots consisting of two spacings (S1:60 cm x 25 cm and S2:60 cm % 30
cm) and subplots consisting of five weed management practices as, W1: weedy check, W2: weed
free, W3: atrazine @ 2 kg a.i. ha'! as pre-emergence herbicide, W4: atrazine as pre-emergence
herbicide followed by single-hand weeding at 30 DAS, and W5: straw mulch. Observations were
taken for different parameters, that are, cob length, cob circumference, number of grains per cob,
number of ears per hectare, thousand-grain weight, and grain yield. Based on spacing non-
significant variations were found for all traits except for the number of ears per hectare. The highest
number of ears per hectare (61667 ears ha') was found in S1 (60 cm x 25 c¢m). Based on weed
management practices all the traits were significantly different, except the number of ears per
hectare and thousand grain weight. The highest value of grain yield (6.15 mt ha') was found in
straw mulch, and the lowest grain yield (3.72 mt ha™') was found in the weedy check. A positive
correlation was observed between yield and different weed management practices (WEM) (r =
0.5**) and other yield-attributing traits, that are, number of ears per hectare (NE) (r = 0.62%%*), the
number of grains per cob (NK) (r = 0.82**), cob length (CL) (r = 0.47**), cob diameter (CD) (r =
0.68**), and total grain weight (TGW) (r = 0.52**). A negative correlation was observed between
yield and spacing (S) (r = -0.41%).

"fﬁi narayanbelbaseO@gmail.com
°f§ rajesh19960216@gmail.com

) hitps://orcid.org/0009-0006-7667-9306
=) https://orcid.org/0009-0000-8248-4907

Introduction

After rice maize is the second most important crop in
Nepal. It has an annual production of 2,231,517 metric tons
(mt) and an annual productivity of 2.5 mt ha! (Ministry of
Agriculture and Livestock Development, 2020). It is
successfully grown in temperate and subtropical regions of
the world and it ranks third in world production after wheat
and rice, however, its productivity is higher than other
cereals crops (Deshmukh et al., 2009). The normal growth
temperature of maize generally lies between 20 “C and 25
°C. A temperature which is higher than 13°C is suitable for
the formation of leaves, while it should exceed 18°C during
the tassel formation. At the time of silking and during
fertilization, a temperature of about 22 °C is needed for
optimal growth of maize (Shanka & Arba, 2021).

Weeds are a host for insects, pests, and diseases directly
responsible for yield reduction (Shrestha et al., 2019). The
range of yield loss due to weeds depends on cultivars,
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species, and number of weeds per unit area, crop-weed
competition period, and duration (Sharma et al., 2018).
Competition imposed by different weeds is a major
problem in spring maize (Singh et al., 2018). Weed causes
a reduction in maize yield, which causes higher costs in
food production. Weed can cause a 37% to 100% loss in
maize (Dahal & Karki, 2014). The nature and intensity of
the weed problem in spring maize are relatively different
from maize in the rainy season. The emergence of maize
and weed starts simultaneously, and the first 20-30 days
after sowing are most critical to crop-weed competition in
rainy season maize, whereas, in the spring maize, after the
first irrigation, weeds emerge most often (Dobariya, 2015).
Poor weed management is one of the prime factors that
cause the reduction of yield in maize and it depends on the
type of weed flora and its intensity (Pant et al., 2021).
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Crops can surpass competition against weeds by
adjusting higher plant population densities. The higher
population densities increase the rapidity of the canopy
development which leads to increased canopy radiation
interception, which increases crop growth rates and yields
(Andrade et al., 2002) and suppresses the growth and
competitiveness of weeds (Murphy et al., 1996). The effect
of population density on the growth of maize dry matter
accumulation per hectare was significantly higher at higher
planting densities (133333 plants ha™') in comparison to
lower planting densities at all stages of crop growth (Singh
etal., 2015). Significantly higher dry matter production per
plant was observed by lowering the planting density to
66000 plants ha™! (60 cm x 25 cm) from higher densities of
83000 (60 cm x 20 cm), 133333 (50 cm x 15 cm), and
166666 (50 cm x 12 cm) plants ha™! during the rainy season
on clay loam soils of Udaipur (Rajasthan), (Singh et al.,
2015).

Therefore, an attempt was made to assess the effect on
yield attributes, and yield of spring maize by using
different levels of spacing and weed management
practices.

Material and Methods

Seed

To conduct research, a maize variety named Nutan
K.H-101 was used. This variety was recommended in
Nepal in 2010 AD. Its plant height ranges from 120 cm to
250 cm. This variety matured in about 90-92 days
(MoALD, 2020). The productivity of this variety is 6.5 to
8 mtha' (MoALD, 2020). This variety is recommended for
terai, inner terai, river basins, and up to 700 meters above
sea level.

Experimental Design

Split-plot design, with two spacing as the main plot and
five weed management practices as subplot treatments with
three replications, was done. Treatments consist of the
combination of the following two factors (two spacing and
five weed-control practices).

Treatment Details

Table 1. Treatment details of the research study

SN | Factor Symbols
Factor A (main plot): Spacing (S)
1 60 cm x 25 cm S1
2 60 cm x 30 cm S2
Factor B (subplot): weed control practices (W)
1 Weedy check Wi
2 Weed free w2
3 Atrazine as pre-emergence W3
4 Atrazine followed by single hand W4
weeding at 30 DAS
5 Straw mulch W5

Manure and Fertilizer

Farmyard manure was used as a source of manure.
Urea, diammonium phosphate; and muriate of potash were
used as chemical fertilizers.

Field Preparation

One deep plowing by the cultivator and two plowing by
the rotavator were done for land preparation. The soil was
pulverized and leveled three days before sowing on
February 17, 2021. The final layout of the experimental
field was done on February 20, 2021. Then treatments were
applied to respective plots before the sowing of seed.

Plot Size and Plant Population

The plot size consists of 3.6 meters in length and 3
meters in width. Split-plot design was done, the main plots
had two spacings, and the subplots had five weed
management practices. Maize seeds were planted in two
spacings: 60 cm row-to-row and 25 cm plant-to-plant,
containing 72 plants per plot, and 60 cm row-to-row and
30 cm plant-to-plant, containing 60 plants per plot. Sowing
was done on February 20, 2021.

Methods of Planting

The required number of seeds for each plot was
calculated. For planting bold and healthy seeds were
selected, and two seeds per hill were dropped manually in
the row line.

Manure and Fertilizer Application

FYM was applied at 8 mt ha! two weeks before sowing
and chemical fertilizer was applied at the rate of 120:60:40
kg NPK per hectare. All doses of FYM, P, K, and 1/3 dose
of N were applied as a basal dose, whereas, 1/3 dose of N
was applied at 30 Days After Sowing (DAS) as the 1% top
dressing, and the remaining 1/3 dose of N was applied at
64 DAS as the 2" top dressing.

Thinning

The thinning operation was done at 30 DAS for all
treatments to maintain one plant per hill by removing the
extra plants. Diseased, deformed, and off-type plants were
replaced with healthy ones by gap-filling at 30 DAS.

Plant Protection

Infestation of borer was seen on maize plants, for which
King Killer (Chlorpyrifos 50% EC + Cypermethrin 5%
EC) and Kingstar (Emamectin Benzoate 5% SG) were
applied. Two sprays of insecticides were done on March 19
and April 8, respectively.

Irrigation

Pre-sowing rainfall occurred two days before sowing.
Irrigation was provided four times in the field, viz., at the
knee-high stage, pre-tasseling stage, silking stage, and
grain-filling stage, respectively. The basin method was
used for irrigation.

Weed Management

The weed control methods were used as per the
mentioned treatments in the experimental plots. Weeds
were allowed to grow along with the maize crop
throughout the crop cycle in the weedy check plot. In other
plots, respective treatments were applied to control the
weed population. Atrazine was used as a pre-emergence
herbicide. Its trade name is Atrazine 50 WP. Atrazine was
applied four days after the sowing of the maize seed.
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Harvesting and Shelling

The cobs from the 10 sample plants were harvested
separately for observation, and the rest of the plots were
harvested as well. The harvesting was done 101 days after
sowing on June 1, 2021, when the plant turned yellow with
brown ear husks and a black layer appeared at the base of
each cob when detached.

Data Collection

Number of ears per hectare

The total ears harvested from the net plot area of all
plots were recorded and converted to harvested ears per
hectare. Further, ten ears were selected from each net plot
to analyze the following yield attributing character.

Number of grains per cob (NK)

The number of grains per cob, weight of ear with
grains, the weight of grains per ear, cob length, and cob
circumference were calculated from the ten randomly
selected de-husked ears.

Thousand-grain weight, or test weight (TGW)

From the bulk of shelled grains in each plot thousand
grains were selected and weighed with the help of an
electronic balance.

Cob length (CL)

Cob length was taken with the help of measuring tape,
five cobs from each plot.

Cob circumference (CC)

The cob circumference was taken in three positions
(narrow end, middle, and broad end) for each cob from five
cobs from each plot.

Grain yield (YLD)

Grain yield was taken from the ear of the plant of the
central three rows of each plot. The ears were subjected to
dried, threshed, and cleaned, and the final weight was
measured. The grain yield per hectare was computed for
each plot. Grain yield (YLD, mt ha™) was calculated at
15% moisture using the following formula:

FEW X S x (100 — GMC) x 10
NHA x 85

YLD =

YLD: Grain yield (YLD, mt ha!)
FEW: Field ear weight

S : Shelling %

GMC: Grain Moisture Content
NHA: Net harvest area

Statistical Analysis

Recorded data were compiled and arranged
systematically, treatment-wise, under three replications.
The final data were subjected to analyses of variance. The
Genstat package (18" edition) was used for data analysis.
For data input, simple statistical analysis, and the
construction of graphs, MS Excel was used. Microsoft
Office Word was used for word processing. An ANOVA
was constructed to test the significance difference for each
parameter at a 5% level of significance. A simple
correlation was established among the selected parameters.

Results and Discussion

Cob Length (CL)

No significant difference was seen in cob length due to
spacing. However, weed management practices show
significant differences in cob length. Cob length (18 cm)
was found higher on weed-free treatment (W2), atrazine as
pre-emergence (W3), atrazine followed by hand weeding
at 30DAS (W4), and straw mulch (W5). Whereas, the
lowest cob length (15 cm) was found in the weedy check
treatment (W1) (Table 1).

A significant positive correlation was observed
between cob length and weed management practices
(WEM) (r = 0.51™), yield (YLD) (r = 0.47"), and number
of grains per cob (NK) (r = 0.61™"). Indicating an increase
in cob length increases the grain yield and better weed
management practices increase the cob length. A negative
correlation was found between cub length (CL) and the
number of ears per ha (NE) (r = -0.05), indicating that an
increase in the number of ears per ha decreases cob length
(Table 2).

Table 2. Mean values, F test, LSD (0.05), CV, and SEm of different yield attributing traits and yield of Nutan K.H.101
variety of maize as influenced by spacing and weed management practices tested at Nepalgunj, Banke in 2021.

Particulars | CL cC NE NK TGW YLD
Factor A, Spacing
S1(mean) 17 13 61667* 396 241 5.94
S2 (mean) 18 13 54074° 392 232 4.89
F test NS NS * NS NS NS
LSD (0.05) 2.4 0.8 4847 10.5 55 1.63
CV (%) 3.8 1.7 2.4 0.8 6.6 8.6
SEm=+ 0.4 0.1 796.5 1.7 9 0.268
Factor B, Weed management practices

W1 (mean) 15° 12° 57407 279¢ 222 3.72¢
W2 (mean) 18 132 59877 443 245 6.02%
W3 (mean) 18 132 56173 377¢ 230 5.42°
W4 (mean) 18 132 57253 4030 245 5.76°
W5 (mean) 18 132 58642 467* 238 6.152
Grand mean 18 13 57870 394 236 5.41
F test *k *k NS *ok NS *k
LSD (0.05) 1.8 0.4 3794 56.3 23.1 1.01
CV (%) 8.3 2.6 5.4 11.7 7.5 15.2
SEm+ 0.6 0.1 1265.5 18.8 7.2 0.336

Where NS indicates non-significance and * and ** indicates significance at 5% and 1% level of significance respectively. NE = number of ears per ha,
NK = number of grains per cob, CL = cob length (cm), CC = cob circumference (cm), TGW = 1000 grain weight (gm), and YLD = yield (mt ha™).
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Table 3. Pearson correlation coefficients among yield and yield attributing traits of Nutan K.H 101 variety maize with
two levels of spacing and five levels of weed management practices tested at Nepalgunj Banke in 2021

S WEM NE NK CL CC YLD
0.000
WEM 1.000
0777 20,004
NE 0.000 0.981
20.026 0.641" 0288
NK 0.892 0.000 0.122
oL 0.258 0511 20.049 0.610"
0.169 0.004 0.798 0.000
cc 20.028 0.540" 0.199 0.635" 0441
0.884 0.002 0.292 0.000 0.015
b 20.405" 0.499" 0.619" 0.818" 0470 0.678"
0.026 0.005 0.000 0.000 0.009 0.000
oW 20228 0237 0334 0315 0352 0278 0516~
0.226 0.208 0.071 0.090 0.056 0.136 0.003

Where, * and ** indicate significance at 5% and 1% levels of significance respectively. S = spacing, WEM = weed management practices, NE = number of ears
per ha, NK = number of grains per cob, CL = cob length (cm), CC = cob circumference (cm), TGW = 1000 grain weight (gm) and YLD = yield mt ha™

This finding was similar to the findings obtained by
Raut et al. (2017), who found that cob length is positively
correlated with yield, i.e., an increase in cob length results
in an increase in yield.

Cob Circumference (CC)

A non-significant difference was found for cob
circumference due to spacing, but significant results were
found based on weed management practices. The highest
cob circumference (13 cm) was found on weed-free
treatment (W2), atrazine as pre-emergence (W3), atrazine
followed by hand weeding at 30DAS (W4), and straw
mulch (W5) (Table 2).

A significant positive correlation was observed
between cub circumference (CC) and weed management
practices (WEM) (r = 0.54""), number of grains per cob
(NK) (r=0.635"), and yield (YLD) (r = 0.68""). A negative
correlation was found between cub circumference (CC)
and spacing (S) (r = -0.03), indicating an increase in
spacing decreases cob circumference (Table 2).

This finding was similar to the findings obtained by
Raut et al. (2017), who found that cob circumference is
positively and significantly correlated with yield and the
number of grains per cob.

Number of Ears Per Hectare (NE)

Non-significant variation was found in the number of ears
per hectare due to weed management practices, but highly
significant results were found based on spacing. Spacing of 60
cm x 25 cm (S1) observes the highest number of ears per
hectare (61667), which indicates by decreasing the spacing
from 60 cm x 30 cm (S2) to 60 cm x 25 ¢cm (S1), we can
increase the number of ears per hectare (Table 2).

This finding did not support the previous findings
obtained by Shrivastav et al. (2015), who observed that the
number of ears per hectare is significantly higher in other
treatments of weed management than in the weedy check
treatment.

A significant positive correlation was observed
between the number of ears per hectare (NE) and yield
(YLD) (r = 0.62™"), which indicates increase in the number
of ears per hectare (NE) increases the yield (YLD). A
negative correlation was observed between the number of

ears per hectare (NE) and spacing (S) (r = -0.78"":
indicating that an increase in spacing decreases the number
of ears per hectare significantly.

Number of Grains Per Cob (NK)

There was no significant variation in the number of
grains per cob due to spacing, but a highly significant result
was found due to weed management practices. The straw
mulch (W5) recorded the highest number of grains per cob
(467), followed by weed-free (W2) with 443 grains per
cob. Whereas, the lowest NK (279) was found in the weedy
check treatment.

A significant positive correlation was observed
between NK and YLD, WEM, CL, and CD, with values of
YLD (r = 0.82"), WEM (r = 0.64™), CL (r = 0.61™ and
CC (r=0.65""), whereas, a negative correlation was found
between NK and spacing (S) (r =-0.03).

This finding was similar to the previous finding
obtained by Raut et al. (2017) who found that NK per cob
is positively highly significant with yield. NK is positively
and significantly correlated with cob length and cob
diameter

Thousand Grain Weight (TGW)

Non-significant variation was found in the thousand-
grain weight based on spacing and weed management
practices.

This finding disagrees with the previous findings
obtained by Shrivastav et al. (2015), who found that in
weedy check plots, the TGW is low, and in weed-free plots
and other treatment plots, the TGW is higher than in weedy
check plots.

However, a positive correlation was found between
thousand-grain weight (TGW) and yield mt ha'! (YLD) (r =
0.52™y indicating that TGW directly determines the yield.

Yield (YLD)
A significant difference was found in yield (YLD) due
to different weed management practices. Grain yield (6.15
mt ha!) was observed highest in straw mulching (W5),
followed by weed-free (W2) with a grain yield of 6.02 mt
ha!. Whereas, in weedy check (W1) the lowest grain yield
(3.72 mt ha') was observed (Table 2).
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This finding was similar to the previous findings
obtained by K.C. et al. (2015), Reddy et al. (2012), and
Singh et al. (2007), who reported significantly higher grain
yield in maize under weed-free treatments in comparison
to farmers’ practice of weed management treatments, and
a significant decrease in grain yield in weedy check as
compared to other treatments.

A significant positive correlation was found between
yield (YLD) and weed management practices (WEM) (r =
0.5**) and other yield-attributing traits: number of ears per
hectare (NE) (r = 0.62**)), number of kernels per cob (NK)
(r = 0.82*%*%), cob length (CL) (r = 0.47%%*), cob
circumference (CC) (r = 0.68**), and total grain weight
(TGW) (r = 0.52*%%), It indicates a positive relationship
between weed management practices and the number of
ears per ha, cob length, cob circumference, number of
kernels per cob, and thousand-grain weight of spring
maize. A significant negative correlation was seen between
yield and spacing (r = -0.41%*), indicating an increase in
spacing decreases yield (Table 3).

This finding agrees with the previous findings obtained
by Raut et al. (2017) who observed a significant positive
correlation between yield and all yield-attributing traits,
viz., NE, NK, CL, and CD. It indicates that increases in
better weed management practices, number of ears per cob,
cob length, cob circumference, and number of grains per
cob increase the yield.

Conclusion

This research showed that the yield of the spring maize
does not change significantly by increasing plant-to-plant
spacing from 25 cm to 30 cm. Straw mulching was found
to be more effective than other weed management practices
in terms of yield, number of grains per cob, cob length, and
cob circumference in the spring maize. The weedy check
showed the lowest yield, number of grains per cob, and cob
length than other weed management practices, which
shows that the yield of the spring maize can be improved
by applying appropriate weed management practices.
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