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Abstract

A field experiment was conducted at Agronomy field of Sher-e-Bangla Agricultural University, Sher-e-
Bangla Nagar, Dhaka during the period from November to April (winter season) 2015-2016. This study
investigated the combined effects of four Chinese white maize varieties (V1 = Changnau-1, V2 = Q-Xiangnau-
1, V3 = Changnau-6, V4 = Youngnau-7) and two planting configurations (S1 =70 cm x 25 cm and Sz = 60 cm X
25 cm) on their growth, yield, and yield attributes. The experiment was laid out in a factorial randomized
complete block design (RCBD) with three replications. Significant variations were observed among the
varieties for all measured parameters. Changnau-6 (V3) produced the longest cob (17.54 cm), maximum
grains cob-1 (418.36), highest grain yield (8.3670 t ha), stover yield (9.6921 t hal) and biological yield
(18.059 t ha') while Youngnau-7 (V4) had the shortest cob (12.683 cm), maximum grains cob-1 (247.53),
lowest grain yield (4.8469 t ha-1), stover yield (7.957 t hal), biological yield (10.982 t ha-1) shortest
maturation time. Planting at 70 cm x 25 cm (S1) spacing resulted in taller plants, more leaves, and longer cobs
compared to 60 cm x 25 cm (S2) spacing, but yielded less grain, stover, and biomass. The interaction between
variety and planting configuration further influenced the traits. Changnau-1 (V1) planted at 70 cm x 25 cm
(S1) had the highest plant height, number of leaves, and days to maturity, while Changnau-6 (V) planted at 60
cm x 25 cm (S2) achieved the highest grain yield (8.7645 t ha'), stover yield (10.089 t ha') biological yield
(18.853 t hal) and harvest index (46.487 %). Overall, the choice of variety and planting configuration
significantly impacted the growth, yield, and yield attributes of white maize. Changnau-6 (Vs) variety with 60
cm x 25 cm (S2) plant spacing was found to be the most promising combination for maximizing grain yield
and harvest index under the conditions of this field trial.

Keywords: White maize, Variety, Planting configuration, Grain yield, Harvest index

Introduction

Maize (Zea mays L.) has garnered recognition as the third most crucial cereal crop globally, owing to its
remarkable adaptability and high productivity (Mosisa et al., 2002). Flourishing under diverse climatic
conditions, maize attains optimal yields in moderate temperatures with adequate water supply (Aldrich
et al., 1978). Characterized by a superior carbohydrate production potential per unit land, maize
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underwent a pioneering technological transformation in cultivation, positioning itself as the first major
cereal to undergo rapid and widespread advancements (Palwal, 2000). In developed countries, maize
serves predominantly as animal feed and raw materials for industrial products like starch, glucose,
dextrose, and biofuel, boasting a grain composition of 72% starch, 10% protein, and 4% fat, contributing
to an energy density of 365 Kcal/100g (Nuss and Tanumihardjo, 2010).

Bangladesh sees maize as a vital crop alongside rice and wheat, with a current cultivation area
encompassing approximately 963,000 acres (BBS, 2017). However, the bulk of maize production is
dedicated to livestock or poultry feed, revealing untapped potential for human consumption. With the
rising population and increasing income, the demand for food is escalating, while agricultural land is
diminishing due to urbanization, industrialization, and infrastructure development (Dass et al., 2012).
Confronted with these challenges and considering the limitations in increasing rice yield and production
(Chen et al., 2014), the introduction of white maize in Bangladesh emerges as a promising alternative
for sustaining food security. White maize, known for its higher productivity compared to rice and wheat,
could play a pivotal role in meeting the growing demand for food (Ray et al., 2013).

Optimizing planting configurations becomes crucial for maximizing maize productivity. Previous
research has indicated that greater yields are observed in irrigated corn planted at higher populations,
emphasizing the significance of planting density in influencing yield potential. Maize planted in twin
rows has demonstrated higher yields than those planted in single rows, suggesting an interplay between
row spacing and plant density. The quest for the optimum distance between neighboring rows and plants
aims to enhance biological productivity by reducing competition among plants for light, water, and
nutrients through a more equidistant plant arrangement (Olson & Sander, 1988; Porter et al., 1997). This
not only promotes favorable growth conditions but also contributes to early canopy closure, improving
sunlight interception, radiation use efficiency, and ultimately, grain yield (Bullock et al., 1988; Westgate
et al., 1997; McLachlan et al., 1993).

In this context, the present study conducted at Sher-e-Bangla Agricultural University (SAU) farm delves
into the impact of planting configurations on the growth and yield of select Chinese white maize
varieties. By assessing the response of white maize to different planting configurations, this research
aims to contribute valuable insights into the agronomic practices necessary for enhancing the
productivity of white maize in Bangladesh. The findings are expected to guide future recommendations
for planting configurations tailored to the unique agro-climatic conditions of the region, thereby
promoting sustainable and efficient white maize cultivation.

Materials and Methods

The experiment was conducted at Sher-e-Bangla Agricultural University farm in Dhaka, during winter
(rabi) season of 2015-2016 to find out appropriate planting configuration for Chinese hybrid white
maize varieties. The experiment comprised four Chinese white maize hybrids viz. (V1 = Changnau-1, V>
= Q-Xiangnau-1, V3 = Changnau-6 and V4 = Youngnau-7) and two planting configurations S;= 70 cm x
25 cm (57,142 plants ha-1) and S2 = 60 cm x 25 cm (61,538 plants ha-1). The experiment was laid out
in a Randomized Complete Block design with three replications. The experimental area was organized
into three blocks, each block sub divided into eight plots. Each unit plot measured 4.8 m2 (2.4 m x 2 m)
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with an 80 cm border between adjacent plots and 1 m gap between adjacent replications or blocks,
resulting in a total of 24-unit plots. Seeds were sown on 30 November 2015 maintaining spacing as per
treatments. Fertilizers were applied @ 250-55-110-40-5-1.5 kg ha-1 of N-P-K-S-Zn-B in the form of
urea, TSP, MOP, gypsum, zinc sulphate and boric acid respectively. One third N along with full amount
of other fertilizers was applied as basal dose during final land preparation. Remaining N was applied as
top dress at 30 DAS after first irrigation and pre-tasseling stage, as recommended by BARI (2014).
Weeding was done at 25 DAS while earthing-up was done at 45 DAS. Data were collected on plant
height, leaf number and dry matter of plant parts at harvest. Days to first flowering, first tasseling, and
first silking were recorded through visual observation, Days to maturity were recorded when the cob
exhibited a straw color, considering the black layer of the grain within the shell or rachis. Cob
characteristics were assessed by measuring the length, diameter, number of rows, and grains per row of
ten randomly selected cobs from each plot. Average cob length (cm), cob diameter (cm), number of
rows per cob, and number of grains per row were calculated. Total grains per cob were determined by
randomly selecting ten cobs from each plot. Additionally, three samples of 100 grains were randomly
taken from each plot's seed lot, weighed separately, and averaged to calculate grain weight per plant in
grams. From each plot, ten plants were randomly harvested, and grains were separated from cobs, oven-
dried at 70 °C for 48 hours, and weighed to express grains' dry weight in grams per plant, later converted
into tons per hectare. Stover weight was determined similarly, expressing it as grams per plant and
converting it into tons per hectare. Biological yield, defined as the sum of grain yield and stover yield,
was measured for each plant and expressed in tons per hectare. Harvest index (HI), computed as the
ratio of grain yield to the total above-ground dry matter yield, was calculated using the formula HI =
(Grain yield / Total biological yield) x 100 (%). Data for growth, phenology, yield, and contributing
characters were compiled and tabulated using MS Excel and statistically analyzed with the MSTAT-C
computer package. Mean differences among treatments were compared using the Least Significant
Difference (LSD) technique at a 5% level of significance, following Gomez and Gomez (1984).

Results and Discussion

The research program was formulated aiming at investigating the combined effect of four Chinese white
maize varieties and two planting spacings on their growth, yield and yield attributing characters.
Relevant data have been presented in this chapter and statistically analyzed with the possible
explanation. Almost all the growth parameters were significantly affected by maize varieties and plant
densities.

Plant height (cm)

Plant height is an important component which helps in the determination of growth attained during the
growing period. Various treatments such as variety, plant spacing and their combination were used to
observe their effects on plant height of white maize and the result was represented in figure 1, 2, and 3.
It was revealed from the results that plant height was significantly influenced by four examined white
maize hybrid varieties. Among the varieties, V1 (Changnuo -1) showed significantly the tallest plant
(234.17 cm) and V4 (Yangnuo -7) produced significantly the shortest (181.17 cm) plants. Likewise, V3
had significantly longer plants (230.83 cm) than that of V> (220.67 cm) (Figure 1). Among the plant
spacing treatments, S; (had the tallest plants (219.50 cm) while Sz showed the shortest (213.9 cm) plants
(Figure 2). For their various combination among the above stated treatments, V1S: produced
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significantly the tallest plants (236.67 cm) which was statistically similar to V3S; (233.6 cm) whileV.S;
showed significantly the shortest (179.00 cm) plants. Likewise, V1 S, had significantly longer plants
(231.6 cm) than that of V3 Sz and V2 S1 (228.0 cm and 224.0 cm respectively) (Figure 3) These results
are in the line with Gozubenli et al. (2001) and Konuskan (2000) who found that there was a
considerable varietal variation for the plant height. Dawadi and Sah (2012) also observed that plant
height was significantly influenced by the densities and varieties.

Here, V1= Changnuo-1, V> = Q- Xiangnuo-1, V3= Changnuo-6, V4= Yangnuo-7
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Fig. 1. Effect of variety on plant height, number of leaves per plant, days to first tasseling, days to
first silking and days to maturity of white maize

Leaf number per plant

Total number of leaves plant® was significantly influenced by varieties, plant spacing and their
combinations (Figure 1, 2, and 3). Significantly the maximum number of leaves plant? (17.333) was
produced by the variety V1 followed by V3 (16.833) variety while V4 variety was significantly the lowest
leaves producer (12.667). Likewise, V2 produced medium number of leaves plant™ (15.333) Figure 1).
Among the various plant spacing treatments, S1 produced significantly highest number of leaves plant
(16.083) whereas S produced significantly the least number of leaves plant™ (15.000) (Figure 2). Their
combinations revealed that, V1S: (18.000) showed significantly the highest number of leaves plant™
(18.000) followed by V3S; (17.330) while V4 S, showed significantly lowest number of leaves plant™
(12.333) which was statistically at par with V4S; (13.000). Likewise, V1S2 had significantly medium
number of leaves plant?(16.667) than that of V3 S V2 S1 and V2 S, (16.333,16.000 and 14.667
respectively) (Figure 3). Leaf number was greater at the low population density than at high population
density. This decrease number of leaves resulted from greater inter competetion at higher plant densities
(Fakorede MAB, Mock JJ, 1978), Similar result was also reported by (Bahadur et. al, 1999) and
(Shafshak et. al, 1984).

Days to tasseling

Varieties and plant spacing treatments separately and their combinations were used to observe their
effects on days to tasseling (Figure 1, 2, and 3). It was found that days to tasseling was significantly
influenced by varieties. Among the treatments, V1 variety significantly took the maximum days to first
tasselling (72.500 days) followed by V> and V3 (68.167 days and 70.500 days), while V4 significantly
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took minimum days to tasselling (62.1670 days) (Figure 1). Plant spacing treatments were non-
significant effect on days to first tasseling (Figure 2). Although having non-significant effect, S took to
reach maximum days to first tassel (68.500 days) while S, took to reach minimum days to first tassel
(68.167 days) (Figure 2). On the other hand, for the combination of varieties and plant spacing treatment
it was found that, VV1S:1 combination significantly took more days to first tassel (72.667 days) followed
by V1S» (72.333 days) whereas V4S: took the lowest days to first tassel (62.333 days) which was
statistically at par with VS, (62.000 days) (Figure 3). Significantly earlier tasseling and silking and
shorter physiological maturity was observed in the variety Yangnuo-7. Early tasseling, silking and short
physiological maturity of Yangnuo-7 might be due to its genetic characteristics. Late maturing varieties
took more days to tassel and hence had a better chance to utilize more nutrients and more photosynthetic
activity, which ultimately resulted in late maturity. The earliest tasselling observed in the highest plant
density of 66,666 plants ha® was due intra-specific competition for soil nutrients, water and sunlight
among the plants which ultimately triggers the plants to early reproductive phase while lower plant
density utilized soil nutrients, water and solar radiation efficiently thereby prolonged the tasselling dates.
Park et al., (1987) reported that plant density did not affect days to tasseling and silking. Dawadi and
Sah, (2012) also reported that tasseling, silking and physiological maturity were not significantly
influenced by plant density. However, there was a lower number of days to silking, tasseling and
physiological maturity with increases in plant density. Azam et al., (2007) reported different tasseling
days for different maize varieties.
Here, S1=70cm x 25 cm, S, =60 cm x 25 cm
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Days to first tasselling Days to first silking
Days to maturity

219.5

122.92
213.92

122.75

68.5

71.167
68.167
70.917

PLANT HEIGHT AND PHENOLOGICAL PARAMETERS
15

B 16083

S1 S2
PLANTING CONFIGURATIONS

Fig. 2. Effect of planting geometry on plant height, number of leaves per plant; days to first
tasseling, days to first silking and days to maturity of white maize

Days to silking

White maize varieties and plant spacing treatment separately and their combinations were used to
observe their effects on days to silking of white maize (Figure 1, 2, and 3). It was found that days to
silking was significantly influenced by varieties. Among the varieties, V1 variety took significantly
maximum number of days for silking (75.000 days) followed by V. (64.667 days) which was
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significantly took minimum number of days for silking (64.667 days) (Figure 1). It could be due to
differences in genetic makeup of these varieties. Plant spacing treatments were non- significant effect on
days to first silking of white maize. Although having non-significant effect, S; took the highest number
of days to first silking (71.167 days) while S> took the lowest number of days to first silking (70.917
days) (Figure 2).
Here, V1= Changnuo-1, V> = Q-Xiangnuo-1, V3 = Changnuo-6, V4= Yangnuo -7
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Fig. 3. Interaction effects of variety and planting configuration on plant height, number of leaves
per plant, days to first tasseling, days to first silking and days to maturity of white maize

On the other hand, for the combination of variety and plant spacing treatment it was found that V1S;
significantly took more days for silking (75.000 days), which were statistically similar to V1S, (75.000
days). Vi4S: took the lowest days to silking (64.667 days), which were statistically similar to V.S,
(64.667 days) (Figure 4.1.3). Hassan (1987) revealed that maize cultivars had significant differences in
days to 50% silking.

Days to maturity

Varieties, plant spacing and their combinations showed significant positive effect on days to maturity for
the two tested cultivars (Figure 1, 2 and 3). There were significant variations reported in plant maturity
with the varieties. V1 variety significantly took maximum days to be matured (128.00 days) followed by
V2 and V3 (124.17 days, 127.00 days respectively) while V4 variety significantly took very minimum
days (112.17 days) to be matured (Figure 1). Plant spacing treatments showed the non-significant effects
on days to be matured of white maize (Figure 2). S; took the highest number of days to be matured
(122.92 days) and S> took the lowest number of days to be matured (122.75 days) (Figure 2). On the
other hand, for the combination of variety and plant spacing it was found that V1S significantly took the
highest days to be matured (128.00 days), which was statistically similar to V1S2 V3S: and VsS:
treatments (128.00 days, 127 days and 127 days respectively) whereasV.S; significantly took the lowest
days to be matured (112.00 days) which was statistically similar to V4S; (112.33 days) (Figure 3).
Dawadi and Sah, (2012) also reported that tasseling, silking and physiological maturity were not
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significantly influenced by plant density. This might be due to the reason that different crop cultivars
take their normal time to develop different vegetative and reproductive structure and attain maturity.
These results were akin to that of Otegui et al., (1995).

Here, V1= Changnuo-1, V2> = Q - Xiangnuo-1, V3 = Changnuo-6, V4= Yangnuo-7
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Fig. 4. Effect of variety on cob length; cob breadth, number of grains rows per cob; number of
grains per row of white maize

Cob length (cm)

Population density, white maize hybrids and the interactive effect of plant population density and
hybrids had significant effects on cob length. Maximum cob length (17.54 cm) was significantly
achieved with V3 variety followed by V1 (16.87 cm) and V> variety (15.28 cm) while the minimum cob
length was achieved with V4 variety (12.683 cm) (Figure 4). Cob length was increased with increasing
plant spacing. Among the plant spacing treatments, S: spacing significantly produced the tallest cobs
(16.097 cm) while Sz significantly produced the shortest cobs (15.092 cm). (Figure 5). Moreover, for the
combinations of varieties and plant spacing, it was observed that V3S: significantly showed the highest
cob length (18.077 cm) which was statistically similar to V3Sz and V1S: (17.07 and 17.300 cm). Among
the other treatments, V.S significantly showed the lowest cob length (12.00 cm) (Figure 6). These
results are in line with the findings of Karim et al. (1983), Kamel et al. (1983) and Akcin et al. (1993)
who concluded that the cob length decreased linearly with increase in plant population. These results
indicate that there is a positive relationship between plant spacing and cob length of maize, probably due
to variable plant competition. Konuskan (2000) and Gozubenli et al. (2001) reported that variations in
ear characteristics of maize depend upon genotype and environmental conditions. Similar results were
also reported by Chakor & Awasthi (1983); Esechie (1992) and Hassan (2000). They observed that ear
length decreased with increase in plant population. This may be due to the fact that available nutrients,
moisture, space and light become limited in high plant population due to high competition of soil
resources between plants. Ultimately plants produced relatively small ears.

Cob breadth (cm)

Cob breadth was significantly affected by planting density, varieties and their combinations. Among the
varieties significant difference was found on the production of cob breadth. Maximum cob breadth
(15.370 cm) was significantly achieved with V3 variety and the minimum (12.910 cm) was significantly
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achieved with V4 variety (Figure 4). Cob breadth was increased with increasing plant spacing. Among
the plant spacing, Si1 produced the highest cob breadth (14.601 cm) and S; produced the lowest cob
breadth (13.976 cm) (Figure 5). Moreover, for the combination of varieties and plant spacing, it was
observed that V3S; treatment showed maximum cob breadth (15.607 cm), which was statistically similar
to V3S2 (15.133 cm).

Here, S1=70cm x 25cm, S2 =60 cm x 25 cm

m Cob length (cm) m Cob Breadth (cm)
Number of grains roys cob-1 Number of grains row-1
o

<
o
N

26.362
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15.092

S1

12.783
13.976

YIELD COMPONENTS
12.25

PLANTING CONFIGURATIONS 52

Fig. 5. Effect of planting configurations on cob length; cob breadth, number of grains rows per
cob; number of grains per rows of white maize

Among the other treatments VS, showed minimum cob breadth (12.380 cm) (Figure 6). Number of
rows cob™ was significantly influenced by varieties, plant spacing and their combinations (Figure 4, 5
and 6).

Number of rows cob

Among the varieties, the maximum number of rows cob™® was found in Vs (12.717) which was
statistically similar to V1 and V2 (12.567 and 12.533) whereas Va4 was the lowest performer (12.250)
(Figure 4). However, plant spacing treatments showed the significant effects on number of rows cob™.
Among the various treatments, S; produced significantly the highest number of rows cob™ (12.783)
while the lowest (12.250) was produced from Sz (Figure 5). Moreover, their combination revealed that,
V3S: showed the highest number of rows cob™ (13.067), which was statistically similar to VsSz, V1S:
and V2S; respectively (12.867, 12.867 and 12.867 respectively). Again, the treatment VS, showed the
minimum number of rows cob™ (12.167), which was statistically similar to V2S; (12.200) (Figure 6).
Hashemi et al. (2005) reported a linear decline in number of kernel rows/ear with increasing plant
density.

Number of grains row!

Number of grains row™ was significantly influenced by varieties, plant spacing and their combinations
(Figure 4, 5 and 6). The maximum number of grains row (32.350) was significantly reported from the
treatments having Vs variety which were statistically similar to V1 (31.083) followed by V2 (26.733)
whereasV4 had the lowest performer (21.367) (Figure 4). However, plant spacing treatments showed the
significant effects on number of grains row™. Among the various treatments, S1 produced the highest
number of grains row? (29.404) and the lowest (26.362) was produced from S; (Figure 5). Moreover,
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their combination revealed that V3S1 showed significantly the highest number of grains row (33.967)
than the other combinations, which were statistically similar to V1S: (32.517) and V2S; (31.733) where
V1S, produced significantly the minimum number of grains row (20.000) (Figure 6). Observed results
were alike with the following results where it was stated that increased competition due to dense
population may also lead to abortion of ovary and eventually producing lesser number of kernels
increasing barrenness (Gozubenli et al., 2004). Comparing the response of old and modern maize
varieties (Jacobs and Pearson, 1991), however, Sangoi and Salvador (1998) reported that high plant
population decreased number of grains per ear of dwarf lines and did not affect this variable for modern
varieties (Akbar et al., 2016).
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Here, V1= Changnuo-1, V2 = Q- Xiangnuo-1, V3 = Changnuo-6, V4 = Yangnuo-7
S1=70 cm x 25 cm, S2=60 cm x 25 cm
Fig. 6. Interaction effects of variety and planting configurations on cob length, cob breadth,
number of rows cob,* number of grains row* of white maize

Total number of grains cob™

Total number of grains ear-! contributes to the economic yield as well as represent the productive
efficiency of any cereal crop or crop variety. Total number of grains cob™ was significantly influenced
by varieties, their combinations but not plant spacing (Figure 7, 8 and 9). The maximum number of
grains cob™ (418.36) was reported from the treatments having Vs followed by Vi (387.85) and V:
(348.09) and V4 was the lowest performer among others (247.53) (Figure 7). However, in white maize
plant spacing treatments showed the non-significant effects on number of grains cob™. Among the
various treatments, S1 produced highest number of grains cob™ (367.64), which was statistically similar
to S (351.31) and it was the lowest (366.50) grain producer (Figure 8). Moreover, their combination
revealed that V5S1 showed the highest number of grains cob™ (431.7) than the other combinations, which
were statistically similar to VsS», V1S: and V1S, (412.35, 405.49 and 380.66). Among the treatments
V4S; showed the very minimum number of grains cob™ (275.28), which was statistically similar to VS1
(277.12) (Figure 9). These results are in line with Esechie (1992) and Zada (1998) who found that the
number of grains ear-! decreased with increasing plant density. It may be due to source sink relationship
and competition among maize plants for nutrients. The lowest number of kernels/ear at high plant
density may be due to high competition for the resources such as light, moisture and fertilizer. The high
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barrenness (%) at high densities was due to the absence of the usual sink for the assimilate supply and
limiting optimum conversion of light energy to grain in maize grown at high plant densities which
inhibited the plants to produce viable ears. density. Tetio-kagho and Gardner (1987) and Andrade et al.
(1999) also reported that kernel number per plant declines sharply when the plant density increases
which support our research finding.

Here, V1= Changnuo-1, V> = Q-Xiangnuo-1, V3 = Changnuo-6 and V4= Yangnuo-7
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Fig. 7. Effect of variety on grain yield per plant, stover yield per plant, 100-grains weight and
total number of grains per cob of white maize

100-grains weight (g)

100-grain weight is an important yield contributing factor, which plays an important role in showing the
potential of a variety. The varieties, plant spacing and their combination also influenced the weight of
100-grain in white maize (Figure 7, 8 and 9). The highest 100-grain weight was produced with V>
(34.333 g) followed by V3 (33.500 g) and V1 (32.16 g) while the lowest 100-grain weight was recorded
fromV,4 (23.833 g) (Figure 7). Plant spacing treatments showed the significant effects on 100- grain
weight, where the maximum 100- grain weight (31.167g) was significantly found from S; and the
minimum weight of 100-grain (30.750 g) was observed from S, treatment (Figure 8). For their
combination, the highest 100- grain weight (34.667 g) was produced with V.S, which was statistically
similar to V2S1, V3S: and V3S2 (34.000, 34.00 and 33.667 g). The minimum weight of 100-grain (24.33
g) was produced by the V4S; treatments,
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Here, S1=70cm x 25¢cm, S =60 cm x 25 cm
Fig. 8. Effect of planting configurations on grain yield per plant (g), stover weight per plant (g),
100-grains weight (g) and total number of grains per cob of white maize
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which was statistically similar to V1S (23.33 g) (Figure 9). White maize varieties showed significant
effect on 100 grain weight (Ullah et al., 2016). Abuzar et al. (2011) reported increasing population
density adversely affected the number of grains per ear and individual grain weight. Akcin et al. (1993)
also reported that 100-grain weight increased with decreasing plant population density in maize. These
results are in conformity with the findings of Rogers and Lomman (1988), Konuskan (2000) and
Gozubenli et al. (2001) who stated that there were varietal differences in 100-grain weight, which
increased with increasing plant spacing.

Grain weight plant? (g)

The varieties, plant spacing and their combinations remarkably influenced the grain yield plant™ (g) in
white maize (Figure 7, 8 and 9). Maximum grain yield plant™ (135.47 g) was significantly achieved with
the treatment V3 and the minimum grain yield plant® (78.57 g) was significantly recorded from the
treatment V4 Likewise, V2 (121.91 g) had more grain producer than that of V2 (115.95 g) For plant
spacing treatments, the maximum grain yield plant® (116.59 g) was significantly obtained with the
treatment S1 and the minimum per plant grain yielder was S> (109.35 g). For their combinations,
maximum grain yield plant? (139.46 g) was recorded from treatment V3Si. From others treatments
applications the minimum grain yield plant* was significantly observed from V1S, (75.07 g) and it was
statistically similar to V4S1 (82.06 g). Likewise, VsS, (131.47 g) had significantly more grain achiever
than that of V3S, (125.92 g). These results are in agreement with Sharma and Adamu (1984) who
reported that grain weight ear-* was highest at lowest plant population. It may be due to source sink
relationship and competition among maize plants for nutrients.

Stover weight plant (g)

The varieties, plant spacing and their combinations remarkably influenced the Stover weight Plant™* (g)
in white maize (Figure 7, 8 and 9). The maximum stover weight plant™® (157.0 g) was significantly
achieved with the treatment V3 and the minimum stover weight plant™ (99.50 g) was significantly found
the treatment V4. Likewise, V2 (143.50 g) had significantly more stover producer than that of V2 (136.17
g) For plant spacing treatments, the maximum stover weight plant? (139.25 g) was observed from the
treatment S; and the minimum per plant stover yielder was S> (128.83 g). For their combinations,
maximum stover weight plant? (162.67 g) was recorded from treatment VsS; followed by VsS; (151.33
g) and ViS: (149.67 g) which were statistically similar to each other. From others treatments, the
minimum stover weight plant™ was significantly found from V.S (94.33 g). Likewise, V2S: (140.00 g)
had significantly more stover producer than that of V.S (132.33 g). These results are in agreement with
Sharma and Adamu (1984) who reported that grain weight ear-! was highest at lowest plant population.
It may be due to source sink relationship and competition among maize plants for nutrients.

Here, V1= Changnuo -1, V2 = Q- Xiangnuo -1, V3= Changnuo - 6, V4 = Yangnuo -7
S1=70cm x 25 cm, S =60 cm x 25 cm
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Fig. 9. Interaction effect of variety and planting configurations on grain yield per plant, stover
weight per plant, 100-grain weight and total number of grains per cob of white maize

Grain yield (t/ha)

Grain yield or economic yield is an important characteristic and ultimate objective for which most of
crops are grown. The varieties, plant spacing and their combinations significantly influenced the grain
yield in white maize (Figure 10, 11 and 12). Maximum grain yield (8.3670 t ha) was observed with the
treatment V3 and the minimum grain yield (4.8469 t ha') was achieved with the treatment V4. Likewise,
V2 (7.5276 t hat) had significantly more grain producer than that of V2 (7.1635 t ha). For plant spacing
treatments maximum grain yield (7.2901 t ha') was achieved with the treatment S, and the minimum
grain yielder (6.6624 t ha') was Si. For their combinations, maximum grain yield (8.7645 t ha™) was
counted from treatment V3S:. From others treatments combinations, the minimum grain yield was
observed for VS, (4.6893 t ha'l), which was statistically similar to V4S: (5.0045 t ha*) cm) with lowest
plant population (50000 plants ha-1) (4.38 t ha-1). The higher grain yield in high plant density plots
might be due to higher number of effective plants per hectare (66,666) compared to 53,333 effective
plants per hectare. The superior performance of Changnuo-6 could be attributed to its inherent yield
potential and its better response to the environmental stress created by the increased plant density. It
could be argued that Changnuo-6 which is a medium maturing variety was less affected by seasonal
fluctuations. Availability of improved varieties with shorter plants, lower leaf number, upright leaves,
smaller tassels and reduced anthesis silking interval has enhanced the ability of maize to withstand high
plant populations without showing excessive barrenness (Sangoi, 2001). The highest grain yield
obtained with plant density of 66,666 ha® might be due to large number of plants per m? which
compensated the effects of decrease in other yield components. These components though decreased per
seed, yet yield actually increased per unit area. Plants grown with wider spacing consume more nutrients
and absorb more solar radiation for efficient photosynthesis and hence perform better at individual basis.
The reason for deviation of this linearity in case of grain yield per unit area is that the yield does not
solely depend on the performance of individual plant but rather depend on total number of grains per
cob and other yield contributing characters. This study revealed that a density of 66,666 plants ha™
would be the optimum for maximum grain production for the varieties tested. This is in agreement with
Akbar et al. (1996) who reported that optimum plant density produced greater yield due to efficient
utilization of available soil nutrients coupled with other growth factors. The lowest grain yield with
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highest density was due to smaller ear size, less number of ears plant-1due to more competition for
growth factors.

M Grainyield (t ha-1) M Stover yield  (t ha-1)
9 Biological yield  (t ha-1) m Harvest Index (%)
5
>4
5 50 45.94 45.989 46.324 44.085
S
h 40
&
8 30
3 20 16.382 15.575 1809 10.982
A 8.854 8.411% 9692 6.1349
Z 10 75276 7.1635 8367 4.8469
s, N N N —H
> vi V2 V3

v4
VARIETY

Here, V1= Changnuo-1, V2 = Q-Xiangnuo-1, V3 = Changnuo-6 and V4= Yangnuo-7
Fig. 10. Effect of variety on grain yield; stover yield; biological yield and harvest index of white
maize

Porter et al. (1997) suggested that plant distribution was a yield limiting factors when other limiting
factors such as nutrient deficiencies were eliminated. Grain yield depends upon various factors such as
soil status, environmental factor, plant population and plant characteristics. Grain yield is a function of
integrated effects of genetic makeup of cultivars and growing conditions on the yield components of a
crop. Grain yield is the end result of many complex morphological and physiological processes
occurring during the growth. The growing conditions are changed by different plant spacing. As hybrids
are regarded, the hybrids differed significantly for grain yield. These differences in the grain yield of
hybrids are due to the differences in their potential yields. The present results are in good agreement
with the findings of Konuskan (2000), Gozubenli et al. (2001) and Farnham (2001). Interaction effect of
the variety with the planting configuration showed that the varieties when transplanted at higher
population densities showed significantly higher yield. At the closer spacing the number of plants in a
given area is higher than at the sparse spacing. In general, the closer spacing enhances the seed yield
through increasing the potentials of yield attributes provided the population density at that level does not
become competitive. (Ullah et al., 2016). Tollenaar et al. (1997) also reported that maize grain yield
declines when plant density is increased beyond an optimum. Similar trend was also reported Dawadi
and Sah (2012). They found that plant density of 66,666 plants/ha produced the higher grain yield (11.19
t/ha) compared to that of 55,555 plants/ha (9.52 t/ha). The reason of increased grain yield may be due to
net crop assimilation rate and more number of ears unit-! areas.

Stover yield (t/ha)

Stover yield was significantly affected by plant population, varieties and their interactions. (Figure 10,
11 and 12). The highest stover yield (9.6921 t ha') was significantly observed in V3 and the minimum
by V4 (6.1349 t hal) which were also statistically dissimilar to each other. Likewise, V2 (8.8540 t hat)
had significantly more stover producer than that of V2 (8.4111 t ha'). In the plant spacing treatments, S,
treatment was significantly the highest stover yielder (8.5889 t ha™), while Si treatment was
significantly the lowest stover yielder (7.9571t ha*). However, for the combination of variety and plant
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spacing it was observed that, the maximum stover yield (10.089 t ha') was significantly produced by
V3S;, and the minimum was revealed with V4S; treatment (5.981 t ha't), which was statistically similar to
V1S, (6.289 t hal). It is clear from the data that the straw yield was progressively decreased with each
decrease in plant population. The variability in straw yield per hectare is the result of variation in the
crop stand per unit area. These results are in line with the findings of Knapp and Reid (1981), Anjum
(1987) and Tetio-Kagho and Gardner (1988 b). These results are in agreement with Rezuvaev (1981)
and Roy and Biswas (1992) who reported that fodder yield increased with increasing plant density. Park
et al., (1989) reported that increasing plant density linearly increased stover yield. Scarsbrook and Doss
(1973) reported that stover yields of hybrid maize usually increased with each increment of plant
population up to 80,000 plants/ha. Biological yield is a major contributor to total output of any crop and
dependent upon crop management, type of variety and various other factors.

Biological yield also varied significantly by the different varieties, plant spacing and their combination
(Figure 10, 11 and 12). Among the varieties V3 significantly produced highest biological yield (18.059 t
ha'). V4 produced significantly the minimum biological yields (10.982 t ha') (Figure 10). Likewise, V2
(16.382 t ha*) had significantly more biological yield producer than that of V

Here, S1=70cm x25¢cm, So=60cm x 25 cm
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Fig. 11. Effect of planting configurations on grain yield; stover yield; biological yield and harvest
index of white maize

(15.575 t ha't). Between two spacing treatments, Sz showed significantly the maximum biological yield
(15.879 t hal) and S; was significantly the lowest biological yield (14.620 t ha*) producer (Figure 11).
However, for the combination of varieties and plant spacing, it was observed that the maximum
biological yield (18.853 t hal) was significantly produced by V3S, and the minimum was revealed with
V4S; treatment (10.670 t ha) which was statistically similar to V4S; (11.29 t ha') (Figure 12). Abuzar
et al., (2011) observed that optimum planting space acquired optimum number of plants (60000 plants
hat), which produced the maximum biomass yield, grain yield and ultimately increased biological yield.
Akbar et al., (2002) reported that biological yield was significantly increased at 180000 plants ha-1.
These results are consistent with the findings of Plensicar & Kustori (2005) who reported that maximum
biological yield was found at higher planting density.

Harvest index
Harvest index is the partitioning of dry matter by plant among biological and economic yield. Plant
spacing did not affect significantly but varieties and their interactions had a significant effect on harvest
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index (Figure 10, 11 and 12). Harvest index was varied significantly due to varieties, V3 showed the
highest harvest index (46.324 %), which was statistically similar to V1 and V2 (45.940 % and 45.989 %)
while V4 variety was the lowest (44.085 %) harvest indexer (Figure 10). Plant spacing did not affect
significantly on harvest index. Although having non-significant effect, S; had the highest harvest
indexer (45.748 %), and Si1 showed the lowest harvest indexer (45.421 %) (Figure 11). For the
combinations of variety and plant spacing, it was observed that VsS; treatment showed the highest
harvest index (46.487 %), which was statistically similar to V1S,, V2S1, V2S2 and V3S: (46.192 %,
45.934 %, 46.044% and 46.161 % respectively). The minimum harvest index was revealed with V4S;
treatment (43.903%), which was statistically similar to V4S, (44.268 %) (Figure 12). Ahmad & Khan
(2002) reported that increase in plant density significantly increased harvest index. The reasons for such
results could be better utilization of available nutrients by maize plants in highest plant population as
compared to lowest plant population. In lowest plant population, weeds also compete with crop for
nutrients. Similarly, grain become a dominant sink at their maturity stage and the entire photo assimilate
deposited in the grains as compared to other parts of the plant. Highest plant population produced more

grain and thus resulted in maximum harvest index.
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Here, V1= Changnuo-1, V2 = Q- Xiangnuo-1, V3= Changnuo-6, V4= Yangnuo-7
S1=70cm x 25 cm and Sz =60 cm x 25 cm
Fig. 12. Interaction effects of variety and planting configurations on grain yield, stover yield;
biological yield and harvest index of white maize

Conclusion

Four Chinese white maize varieties viz. Vi = Changnuo-1, V> = Q-Xiangnuo-1, V3 = Changnuo-6 and
V4 = Yangnuo-7) were tested under two planting configurations viz. S1 = 70 cm x 25 cm and S = 60 cm
x 25 cm. The result of present study showed that variety and planting configurations had significant
influences on most of the phenological parameters, yield and yield components of white maize. The
highest grain yield (8.765 t ha™') was achieved from V3 (Changnuo-6) variety when sown at 60 cm x 25
cm planting configuration. The lowest grain yield (4.689 t ha™l) was recorded from V4 (Yangnuo-7)
variety using planting configuration of (70 cm x 25 cm). Variety, Changnuo-6 (V3) with planting
configuration (60 cm x 25 cm) also produced the maximum stover yield (10.089 t ha*), biological yield
(18.853 t hal) and harvest index (46.487 %). From the above result, variety, Changnuo-6 was the most
suitable of the four white maize varieties tested, and 60 cm x 25 cm planting configuration was better to
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achieve optimum vyield.
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