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Abstract

The present research was undertaken at Agronomy Research Farm of Division of Agronomy, Faculty
of Agriculture, SKUAST-K, Wadura, Sopore during Kharif 2023 with the objectives of studying the
effect of sowing dates and fertility levels on growth parameters, yield attributes, yield, of Quality
Protein Maize. The experiment comprised of three Standard Meteorological Week viz, 16" week, 19
week, 22" week assigned to main plots and four fertility levels including control, 75% RDF, 100%
RDF and 125% RDF assigned to sub plots and replicated thrice. The variety tested was Shalimar
QPMH-1 and the experiment was laid out in split plot design. The results of the experiment revealed
that the different sowing dates and fertility levels had a significant impact on growth, yield parameters,
yield of Shalimar QPMH-1. Among the three Standard Meteorological Week, 19™ week sowing
recorded significantly higher values of growth characteristics, yield attributing characters Significantly
higher values of grain yield (5.39 t/ha), Stover yield (6.46 t/ha), biological yield (11.85 t/ha), harvest
index (45.33%) and shelling percentage (62.47%) was recorded in 19" week sowing as compared to
other sowing dates. All the fertility levels enhanced the growth parameters and yield of the crop
compared to control treatment. Among the fertility levels, F3 (125% RDF) treatment recorded
significantly higher values of growth characteristics and yield attributing characters. Application of
NPK @ 125% RDF recorded significantly higher values of grain yield (5.61 t/ha), Stover yield (6.83
t/ha), biological yield (12.44 t/ha), harvest index (45.04%) and shelling percentage (61.8%) as
compared to other fertility levels and control. Significantly lowest values of growth characteristics,
yield contributing characters and yield was recorded in control treatment. Therefore, from the present
study it can be concluded that sowing of QPM on 19™ week with the application of 125% RDF is
promising for achieving higher productivity in quality protein maize under temperate conditions of
Kashmir valley.

Keywords: Maize, growth, yield, Productivity, Quality protein maize.

Introduction

Critical cereal crop, maize (Zea mays L.) globally, serving as both human food and livestock
forage. It is often referred to as the "Queen of cereals" due to its significant role in diets,
maize is grown on approximately 140 million hectares worldwide across diverse climates. In
India, maize covers 9.47 million hectares, yielding 28.64 million tonnes with an average
productivity of 29.45 g ha-1 (DES, 2020) Bl In Jammu and Kashmir, maize is grown on 2.6
lakh hectares (DES, 2020) B Achieving a typical yield of 5.75 t ha*, more than 170 nations
currently produce 1147.7 million MT of maize on 193.7 million hectares (FAO STAT, 2020)
[71

The maize variety enriched with essential proteins and favorable agronomic traits is known
as Quality Protein Maize (QPM) (Pandey et al., 2016 [28; Messing and Rutgers, 2017) 2%,
QPM was created following research carried out at CIMMYT, which features higher yield
potential, improved protein content, and a balanced amino acid profile. In more than 23
developing nations, QPM cultivars have been provided for large-scale production, covering
more than 2.5 million hectares (Sofi et al., 2009) 8. QPM has a hard endosperm and
enhanced nutritional value, yet its yield is comparable to that of regular maize
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(Nuss and Tanumihardjo, 2011) 4. The biological value of
QPM is approximately 80%, whereas regular maize ranges
from 40% to 57%, due to the improved digestibility and
nitrogen uptake in QPM (Bressani, 1992) 1. QPM looks and
tastes similar to normal maize but offers nearly twice the
amount of essential amino acids, such as lysine and
tryptophan. Moreover, QPM has the utmost biological worth
among all food grains. While all cereals, except QPM, lack
lysine and other essential amino acids, pulses are generally
deficient in methionine, another essential amino acid (Yadav
and Chippa, 2005) 31,

Maize productivity is constrained by low fertilizer
efficiency, outdated fertilizer recommendations, neglect of
nutrients beyond N, P, and K, and declining soil quality.
Fertilizers remain the key agricultural input for achieving
food production goals in the country, contributing 50-60%
of the increase in agricultural output. Yield improvements
are expected through the optimization of crop management,
as the response of major cereals to fertilizers often falls
short of their potential yields. Hybrid maize, in particular,
requires high amounts of nutrients, especially nitrogen,
phosphorus, and potassium, to enhance and maintain
productivity (Banerjee et al., 2014) ™. Therefore, utilizing
increased quantities of NPK fertilizer is crucial for boosting
hybrid maize yields. However, the dosage of NPK fertilizer
applied should be carefully managed to secure economic
benefits while limiting environmental harm (Timsina et al.,
2010) B9,

Potassium plays a role in maintaining cellular organization
by regulating membrane permeability, keeping the
protoplasm properly hydrated, stabilizing the emulsion of
colloidal particles, maintaining turgor pressure, and
preventing water imbalances in plants (Singh et al., 2003)
71 Maize is a nutrient-demanding crop, requiring
substantial amounts of nitrogen during key growth stages,
particularly 30 days after planting and during the pre-
tasselling stage (40 DAS) for optimal productivity. Nitrogen
is essential for boosting crop yield because it is a key
element of protoplasm and chlorophyll, and is involved in
the activity of every living cell. Similarly, phosphorus plays
a vital role in energy storage and transfer within the plant,
and is an essential component of nucleic acids, phytins,
phospholipids, and enzymes. Numerous studies have
demonstrated the positive effects of NPK fertilization on
maize productivity (Mehta et al., 2005) [*9],

Research indicates that postponing sowing reduces seed
yield, mostly as a result of shorter plant growth cycles and a
decreased Leaf Area Index caused by environmental factors
such as high temperatures and a short growing season (Fard
et al., 2018). Research also indicates that late planting
results in lower seed and dry matter yields compared to on-
time planting (Ara et al., 2011). In maize, it has been
discovered that delayed seeding lowers the no. of ears,
grains per ear, and total grain production (Contarero et al.,
2000) . Additionally, postponing the planting date leads to
fewer grain rows and fewer grains per row in maize (Khan
et al., 2002) (31, The critical importance of sowing time has
been extensively examined across various countries,
consistently showing that peak yields are reached when
sowing is done at the earliest suitable date for a given
location. Delaying the planting date consistently leads to
reduced maize grain yields (Panahi et al., 2010) [7,
Identifying the optimal planting date for different
environments is crucial for achieving the maximum yield
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potential of crops. Given the current rainfall patterns,
climatic fluctuations, and the availability of high-yielding
hybrids, there is a pressing need to research the optimal
sowing window and appropriate NPK fertility levels to
improve the output of Quality Protein Maize (QPM) under
Kashmir conditions. In this context, the present study was
undertaken with the objective to find out the response of
Influence of Environmental modifications and fertility levels
on growth and yield of Quality Protein Maize (QPMH-1).

Materials and Methods

Experimental site

The trial was executed with success at the Agronomy
Research Farm, FOA, SKUAST-K, Wadura, Sopore, J & K
the season of Kharif, 2023. The site featured well-drained
soil and consistent topography.

Climate and weather

Wadura is geographically located at a latitude of 34° 34' N
and a longitude of 74° 40' E, with a 1580 meters altitude
distance from sea level. The weather data recorded at the
local Meteorological Observatory of the Kharif season of
2023, is detailed in Appendix I|. During this period, the
weekly minimum temperatures ranged from 4.49 °C to
22.21 °C, while the maximum temperatures varied from
1486 °C to 34.17 °C (see Fig.1). The cumulative
precipitation documented over the cultivation period of the
crop amounted to 386.80 mm.

Physio-chemical properties of soil

Soil samples were randomly sourced from multiple sections
in the research area, reaching a depth of 0-15 cm at the
outset of the experiment. After sampling, the composite soil
was air-dried on paper, then processed by coning and
quartering, grinding, and sieving through a 2 mm mesh. The
prepared samples were examined for physical and chemical
properties, as detailed in Table 1. The analysis revealed that
the soil had a neutral pH, a silty clay loam texture, medium
organic carbon content, normal electrical conductivity (EC),
and medium levels of available nitrogen, phosphorus, and
potassium.

Experimental details

The experiment included 12 treatments, repeated 3 times,
and was arranged using a Split Plot design (Figure 1)
SQPMH-1 variety of maize was grown using the spacing of
(75 x 20) cm in 36 plots appropriate standard and uniform
agronomical / cultural practices and plant protection
measures were adopted for raising healthy crop. The various
treatments and Fertility levels with their symbols are
presented in Table 1 and Table 2 respectively.

Table 1: Treatment Details

Main Plot Environmental Modifications
S1 17th April (16" SMW)
Sz 12th May (19" SMW)
S3 3rd June (22" SMW)

Table 2: Fertility Levels

Sub Plot Fertility Levels
Fo Control
F1 75% RDF (90:45:22.5)
F2 100% RDF (120:60:30)
F3 125% RDF (150:75:37.5)
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Fig 1: Mean weekly meteorological parameters during Kharif season 2023
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Fig 2: Layout of experimental field

Results

Growth Parameters

Plant height (cm)

The data on plant height under different treatments,
measured at 30-day intervals (Table 3) and illustrated in Fig.
3 and Figure 4. Analysis showed that planting dates and
fertility levels significantly affected plant height. Plant
height increased rapidly up to 90 days after sowing (DAS),
then continued to increase at a slower rate until maturity.
Among the sowing dates, the 19" SWM sowing (S,)
resulted in a noticeably greater plant height as opposed to
the 16" SWM (S;) and 22" SWM (Ss) sowings. The highest

plant height of 200.87 cm upon reaching maturity was
detected in the 19" SWM sowing (S,). At the same time, the
least height of 180.59 cm was recorded for the 22" SWM
sowing (Ss) at maturity. The data further confirmed that
varying fertility levels exerted a significant influence on
maize plant height throughout the growing season. The
application of 125% RDF (F3) resulted in the highest plant
height, significantly exceeding the other fertility levels.
Specifically, 125% RDF (F3) achieved a plant height of
205.1 cm at maturity, followed by 100% RDF (F2), which
recorded a height of 195.1 cm. The control treatment (FO)
registered the fewest plant height at 176.8 cm at maturity.
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Fig 3: Plant Height(cm) of QPM as influenced by different sowing dates
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Fig 4: Plant height (cm) of QPM as influenced by different fertility levels

Table 3: Plant height (cm) of QPM as influenced by different sowing dates and fertility levels

Plant height (cm)
Treatment | 30DAS | B60DAS | 90DAS | Harvest
Main Factor: Sowing date
S1 (16" SWM) 35.59 134.85 187.51 191.01
S2 (19" SWM) 37.94 142.39 197.70 200.87
S3 (22" SWM) 32.99 125.19 177.03 180.59
SE (mz) 0.54 1.75 2.52 2.20
CD (p<0.05) 2.14 6.89 0.88 8.63
Sub-Factor: Fertility levels
Fo (No NPK) 29.2 121.0 174.3 176.8
F1(90:45:22.5) 33.7 129.1 183.2 186.3
F2(120:60:30) 38.1 138.7 191.5 195.1
F3(150:75:37.5) 41.0 147.9 200.7 205.1
SE (mz) 0.77 2.24 2.30 2.38
CD (p=0.05) 2.62 7.69 7.91 8.18
Interaction NS NS NS NS
Dry matter accumulation (g ha) profound effect on dry matter accumulation. The

Data on the accumulation of dry matter under varied
treatments, recorded at 30-day intervals (Table 4) and
illustrated in Fig. 5 and Fig. 6. Interpretation of the data
indicates that both sowing dates and fertility levels exerted a

accumulation increased rapidly up to 90 days after sowing
(DAS), after which it continued to increase at a slower rate
until maturity. Among the sowing dates, the 19" SWM
sowing (S2) unveiled a considerably higher DMA When
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contrasted with the 16" SWM (S1) and 22" SWM (S3)
sowings. The 19" SWM sowing (S2) achieved the utmost
DMA of 103.41 q ha™' at maturity, while the 22" SWM
sowing (S3) recorded the lowest accumulation of 91.62 g
ha™! at maturity. Further examination of the data exposed
that those various levels of fertility exerted a major
influence on maize dry matter accumulation throughout the
growing season. The application of 125% RDF (F3) resulted
in the highest dry matter accumulation, significantly
surpassing other fertility levels. Specifically, 125% RDF
(F3) recorded an accumulation of 103.28 q ha™' at maturity,
followed by 100% RDF (F2), which recorded 99.26 q ha™.
The lowest dry matter accumulation of 91.68 q ha™' was
apparent within the control (FO) at maturity. The interaction
effect of sowing dates and fertility levels on DMA were
uncovered to be non-significant throughout the crop
growing season.

https://www.agriculturaljournals.com

SPAD reading

The data on SPAD values under various treatments,
recorded at 30-day intervals, is presented in Table 5 and
illustrated in Fig. 7 and Fig. 8. Among the different sowing
dates, the 19" SWM sowing (S2) resulted in a pronounced
SPAD readings increase as against the 16" SWM (S1) and
22 SWM (S3) sowings. The 19" SWM sowing (S2)
achieved the highest SPAD value of 53.76 at maturity, while
the lowest SPAD value of 46.32 was recorded for the 22
SWM sowing (S3) at 90 DAS. Regarding fertility levels, the
application of 125% RDF (F3) produced an appreciably
higher SPAD readings unlike to other fertility levels.
Specifically, 125% RDF (F3) recorded the highest SPAD
value of 52.4, followed by 100% RDF.

The interaction effect of sowing dates and fertility levels on
SPAD value was non-significant throughout the crop
growing season.

Table 4: Dry matter accumulation (g ha-1) of QPM as influenced by different sowing dates and fertility levels

Dry matter accumulation (g ha-1)
Treatment | 30 DAS | 60 DAS | 90 DAS | Harvest
Main Factor: Sowing date
S1 (16™ SWM) 14.02 45.20 93.84 97.36
S (191 SWM) 15.12 47.69 100.22 103.41
S3 (22™ SWM) 13.17 42.69 87.49 91.62
SE (m1) 0.21 0.63 1.59 1.46
CD (p<0.05) 0.83 2.47 6.24 5.72
Sub-Factor: Fertility levels
Fo (No NPK) 12.32 41.17 88.49 91.68
F1(90:45:22.5) 13.64 43.22 92.10 95.62
F2(120:60:30) 14.55 46.65 95.68 99.26
F3(150:75:37.5) 15.87 49.73 99.11 103.28
SE (m) 0.06 0.57 1.24 1.05
CD (p=0.05) 0.22 1.95 4.24 3.61
Interaction NS NS NS NS
110
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Fig 5: Dry matter accumulation (q ha-1) of QPM as influenced by different sowing dates
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Table 5: SPAD value of QPM as influenced by different sowing dates and fertility levels
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F3

SPAD Value
Treatment | 30 DAS | 60 DAS | 90 DAS
Main Factor: Sowing date
S1 (16" SWM) 42.83 61.58 50.05
S2 (19" SWM) 46.45 65.83 53.76
S3 (22" SWM) 39.59 56.93 46.32
SE (mz) 0.77 1.00 0.93
CD (p=<0.05) 3.03 3.94 3.64
Sub-Factor: Fertility levels
FO (No NPK) 40.3 58.4 47.6
F1 (90:45:22.5) 42.1 60.4 49.2
F2 (120:60:30) 43.7 62.4 51.0
F3 (150:75:37.5) 45.8 64.6 52.4
SE (m+) 0.46 0.55 0.39
CD (p=0.05) 1.59 1.88 1.33
Interaction NS NS NS
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Fig 6: Dry matter accumulation (q ha-1) of QPM as influenced by different fertility levels

SPAD value

70

50

30

20

10
30 DAS

50 DAS

—— 51 =52

53

90 DAS

Fig 7: SPAD value of QPM as influenced by different sowing dates
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Fig 8: SPAD value of QPM as influenced by different fertility levels

3.1.4 Leaf Area Index (LAI)

Leaf Area Index (LAI) under various treatments, recorded at
30-day intervals, is presented in Table 6 and illustrated in
Figures 9 and 10. The analysis shows that both sowing dates
and fertility levels significantly affected the LAI. The LAI
increased rapidly up to 60 DAS, followed by a decline until
the maturity stage. Among the sowing dates, the 19" SWM
sowing (S2) resulted in a significantly greater values of Leaf
Area Index compared to the 16" SWM (S1) and 22" SWM
(S3) sowings. The highest LAl of 1.41 at maturity was
recorded for the 19" SWM sowing (S2), while the lowest
LAI of 1.14 was observed in the 22" SWM sowing (S3) at
maturity. Additionally, the results showed that throughout

the growth season, the LAI of maize was significantly
impacted by varying levels of fertility. The application of
125% RDF (F3) produced the highest LAI, significantly
exceeding other fertility levels. Specifically, 125% RDF
(F3) recorded an LAI of 1.38, followed by 100% RDF (F2)
with an LAI of 1.31 at maturity. The lowest LAI of 1.14 was
found in the control treatment (FO) at maturity.

The interaction effect of sowing dates and fertility levels on
LAI was significant at 60DAS. Significantly higher LAI
(5.92) was observed in S2F3 (19" SWM, 125%RDF)
treatment combination and lowest LAI (3.77) was observed
in the treatment combination of S3F0 (22" SWM, Control).

Table 6: Leaf area index of QPM as influenced by different sowing dates and fertility levels

Leaf area index
Treatment | 30 DAS | 60 DAS | 90 DAS | Harvest
Main Factor: Sowing date
S1 (16" SWM) 1.29 5.30 3.68 1.27
S2 (191 SWM) 1.42 5.76 4.07 1.41
S3 (22" SWM) 1.16 4.44 3.37 1.14
SE (mt) 0.02 0.07 0.05 0.02
CD (p<0.05) 0.09 0.27 0.18 0.08
Sub-Factor: Fertility levels
FO (No NPK) 1.16 4.83 3.38 1.14
F1(90:45:22.5) 1.26 5.05 3.63 1.24
F2 (120:60:30) 1.33 5.31 3.81 1.31
F3 (150:75:37.5) 1.41 5.47 3.99 1.38
SE (m1) 0.02 0.04 0.05 0.02
CD (p<0.05) 0.06 0.14 0.16 0.07
Interaction NS S NS NS
Table 6.1: Interaction effect of sowing dates and fertility levels on LAl of QPM at 60 DAS
(Main x Sub plots) S1 (161 SWM) S2 (19t SWM) S3 (22" SWM)
FO (No NPK) 5.02 5.70 3.77
F1 (90:45:22.5) 5.34 5.65 417
F2 (120:60:30) 5.36 5.78 4.80
F3 (150:75:37.5) 5.48 5.92 5.02
Factor (B) at same, SE (m1), 0.13
Level of A CD (p=0.05) 0.28
Factor (A) at same, SE (mz), 0.09
Level of B CD (p=0.05) 0.34
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Fig 10: LAI of QPM as influenced by different fertility levels

3.1.5 Days taken to different phenological stages

Table 7 lists the number of days needed to attain each
phenological stage. The number of days required to achieve
these phenological stages showed marked variation based on
the fertility level and sowing date, according to the data
analysis. Among the sowing dates, the 16" SWM (S1)
sowing took the longest time to reach the knee-high stage
(38.0 days), tasselling stage (69.0 days), silking stage (74.0
days), and maturity (115.0 days). In contrast, the 22" SWM
(S3) sowing required the shortest time to reach the knee-
high stage (34.0 days), tasselling stage (62.0 days), silking
stage (67.0 days), and maturity (107.0 days). Additionally,
the data showed that different fertility levels had a

significant impact on days required to reach the various
phenological stages in maize. Among the fertility levels, the
application of 125% RDF (F3) resulted in the longest time
to reach the knee-high stage (38.0 days), tasselling stage
(67.0 days), silking stage (74.0 days), and maturity (117.0
days). Conversely, the control treatment (FO) required the
fewest days to reach the knee-high stage (34.0 days),
tasselling stage (64.0 days), silking stage (67.0 days), and
maturity (106.0 days).

The interaction effect of sowing dates and fertility levels on
days taken to reach different phenological stages was non-
significant.
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Table 7: Phenology of QPM as influenced by different sowing dates and fertility levels

Phenology
Treatment | Knee high | Tasselling | Silking | Maturity
Main Factor: Sowing date
S1 (16% SWM) 38 69 74 115
S2 (19" SWM) 36 65 70 111
S3 (22" SWM) 34 62 67 107
SE (m%) 0.46 0.86 0.86 1.02
CD (p=0.05) 1.79 3.38 3.36 4.00
Sub-Factor: Fertility levels
FO (No NPK) 34 64 67 106
F1 (90:45:22.5) 35 65 69 109
F2 (120:60:30) 37 66 72 113
F3 (150:75:37.5) 38 67 74 117
SE (mz) 0.31 0.28 0.59 1.03
CD (p=0.05) 1.07 0.97 2.02 3.54
Interaction NS NS NS NS

3.2 Yield attributes

3.2.1 No. of cobs plant

The data in Table 8 indicated that both sowing dates and
fertility levels significantly influenced the cobs per plant.
The analysis revealed that the 19" SWM sowing (S2)
produced a significantly higher cob number plant-1 (1.20)
compared to the 22" SWM sowing (S3). However, the 16"
SWM sowing (S1) was statistically comparable to both the
22 SWM (S3) and 19" SWM (S2) sowings. Regarding
fertility levels, applying 125% RDF (F3) resulted in a
significantly more number of cobs plant-1 (1.21) compared
to 100% RDF (F2), 75% RDF (F1), and the control (FO).
The lowest cob number per plant (1.12) was observed in the
control treatment (FO). Number of cobs plant-1 was not
significantly altered by the interaction among planting dates
and fertility levels.

3.2.2 Cob length without husk (cm)

The data related to cob length without husk is presented in
Table 8. The analysis shows that both sowing dates and
fertility levels significantly affected cob length. Among the
sowing dates, the 19" SWM sowing (S2) produced a
significantly longer cob length without husk compared to
the 16" SWM (S1) and 22" SWM (S3) sowings. The 19"
SWM sowing (S2) recorded the maximum cob length (23.74
cm) without husk, while the minimum cob length (18.66
cm) was without husk was observed in the 22" SWM
sowing (S3). Regarding fertility levels, applying 125% RDF
(F3) resulted in a significantly longer cob length (23.78 cm)
without husk compared to 100% RDF (F2), 75% RDF (F1),
and the control (F0). The shortest cob length (18.82 cm)
without husk was noted in the control treatment (FO0).

The study did not uncover a significant link between the
dates of sowing and the fertility levels with respect to cob
length.

3.2.3 Ear length or cob length with husk (cm)

The data on ear length is presented in Table 8, and analysis
indicated that both sowing dates and fertility levels had a
significant impact on ear length. Among the sowing dates,
the 19" SWM sowing (S2) produced a significantly longer
ear length compared to the 16" SWM (S1) and 22" SWM
(S3) sowings. The 19" SWM sowing (S2) achieved the
highest ear length of 39.78 cm, while the 22" SWM sowing
(S3) recorded the shortest ear length of 35.98 cm. Regarding
fertility levels, the application of 125% RDF (F3) resulted in
a significantly longer ear length of 39.72 cm, outperforming

100% RDF (F2), 75% RDF (F1), and the control (F0). The
shortest ear length of 36.11 cm was observed in the control
treatment (FO).

The connection between the fertility levels and the planting
dates had no discernible effect on ear length.

3.2.4 Cob diameter (cm)

The data analysis revealed that cob diameter was affected
significantly by sowing dates and fertility levels (Table 8).
Among the sowing dates, the 19" SWM sowing (S2)
resulted in the largest cob diameter of 6.14 cm, whereas the
22" SWM sowing (S3) had the smallest cob diameter of
4.51 cm. For fertility levels, the application of 125% RDF
(F3) produced a significantly larger cob diameter of 5.87 cm
compared to 100% RDF (F2), 75% RDF (F1), and the
control (FO). The control treatment (FO) had the smallest cob
diameter of 4.74 cm. The sowing date and fertility level
interaction effect also had a substantial impact on cob
diameter (Table 8.1). The maximum cob diameter (6.87 cm)
was noted in the treatment comprising 19" SWM sowing
with 125% RDF (S2F3), while the minimum cob diameter
(4.20 cm) was noted in 22" SWM sowing with the control
(S3FO0) treatment combination.

3.2.5 Cob weight (g)

The data on cob weight is presented in Table 8. Analysis
shows that both sowing dates and fertility levels
significantly affected cob weight. Among the sowing dates,
the 19" SWM sowing (S2) achieved a significantly higher
cob weight of 193.41 g compared to the 22" SWM sowing
(S3), which had a cob weight of 172.36 g. The 16" SWM
sowing (S1) was statistically comparable to both the 22
SWM (S3) and 19" SWM (S2) sowings in recording cob
weight. As far as fertility levels are concerned, the
application of 125% RDF (F3) resulted in a significantly
greater cob weight of 192.86 g compared to 100% RDF
(F2), 75% RDF (F1), and the control (FO). The lowest cob
weight (174.37 g) was noted in control (F0). The interaction
impact of sowing dates and fertility levels on cob weight
came out to be non-significant.

3.2.6 Number of kernel rows per cob

The number of kernel rows cob-1, as shown in Table 8, was
significantly affected by sowing dates and fertility levels.
Among the sowing dates, the 19" SWM sowing (S2)
resulted in the highest number of kernel rows cob-1,
averaging 14.67, while the 22" SWM sowing (S3) had the
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lowest kernel rows per cob, with an average of 12.40. In
terms of fertility levels, applying 125% RDF (F3) yielded
the maximum kernel rows cob-1, averaging 14.73,
compared to 100% RDF (F2), 75% RDF (F1), and the
control (FO). The control treatment (FO) had the lowest
average number of kernel rows per cob, with 12.43.

The interaction effect of sowing dates and fertility levels on
kernel rows cob-1 was significant (Table 8.2). Significantly
highest number of kernel rows cob-1 (16.63) was noted in
the treatment combination S2F3 (19" SWM, 125%RDF)
and lowest kernel rows cob-1 (11.61) was noted in treatment
combination S3F0 (22" BSWM, Control).

3.2.7 Number of grains per cob

The data pertaining to number of grains cob-1 as indicated
in Table 8, indicated that both sowing dates and fertility
levels considerably affected this metric. Among the three
sowing dates, the 19" SWM sowing (S2) produced notably
higher grain number cob-1, averaging 361.67, whereas, 22"
SWM sowing (S3) had the lowest average of 310.08 grains
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per cob. Regarding fertility levels, applying 125% RDF (F3)
resulted in a higher grain cob-1, averaging 350.44,
compared to 100% RDF (F2), 75% RDF (F1), and the
control (FO). The control treatment (FO) recorded the lowest
grains cob-1 (321.77).

No notable interaction occurred between the number of
grains cob-1 and the planting dates and fertility levels.

Seed index (g)

The data on seed index, shown in Table 8, reveals that both
sowing dates and fertility levels significantly influenced
seed index. The 19" SWM sowing (S2) generated the
highest seed index figure of 22.68 g, while the 22" SWM
sowing (S3) had the lowest seed index at 20.0 g. Regarding
fertility levels, applying 125% RDF (F3) produced the
highest seed index (22.47 g), followed by 100% RDF (F2),
75% RDF (F1), and the control (FO). A seed index (20.25
g), the minimum observed, was acquired in the FO
treatment. The interaction between sowing dates and fertility
levels had no valuable effect on the seed index.

Table 8: Yield attributes of QPM as influenced by different sowing dates and fertility levels

Yield attributes
Treatment No of cobs cob length | cob dia. | Ear length cob weightt No of kernel No of grains/ cob|Seed Index (g)
(cm) (cm) (cm) (9) rows/ cob
Main Factor: Sowing dates
S1 (16" SWM) 1.17 21.30 5.36 37.89 182.94 13.67 335.83 21.36
S2 (19" SWM) 1.20 23.74 6.14 39.78 193.41 14.67 361.67 22.68
S3 (22" SWM) 1.13 18.66 4.51 35.98 172.36 12.40 310.08 20.00
SE (m#) 0.01 0.51 0.12 0.45 2.85 0.24 471 0.33
CD (p=0.05) 0.05 2.01 0.46 1.78 11.19 0.95 18.50 1.28
Sub-Factor: Fertility levels
FO (No NPK) 1.12 18.82 4.74 36.11 174.37 12.43 321.77 20.25
F1 (90:45:22.5) 1.15 20.41 5.19 37.29 177.79 13.18 330.55 20.96
F2 (120:60:30) 1.18 21.91 5.53 38.40 186.58 13.96 340.66 21.69
F3 (150:75:37.5) 1.21 23.78 5.87 39.72 192.86 14.73 350.44 22.47
SE (m+) 0.01 0.42 0.08 0.29 1.25 0.15 2.00 0.12
CD (p=0.05) 0.02 1.45 0.27 1.01 4.29 0.53 6.85 0.41
Interaction NS NS S NS NS S NS NS
Table 8.1: Interaction effect of sowing dates and fertility levels on cob diameter of QPM
(Main x Sub plots) S1 (16" SWM) S2 (19t SWM) S3 (22" SWM)
FO (No NPK) 4.85 5.18 4.20
F1 (90:45:22.5) 5.21 5.95 4.42
F2 (120:60:30) 5.37 6.58 4.66
F3 (150:75:37.5) 5.99 6.87 4.77
SE (mt) 0.23
Factor (B) at same level of A CD (p=0.05) 0.54
SE (mt 0.23
Factor (A) at same level of B cD (p(go.())S) 054
Table 8.2: Interaction effect of sowing dates and fertility levels on Number of kernel rows/cob of QPM
(Main x Sub plots) S1 (16" SWM) S2 (19t SWM) S3 (22" SWM)
FO (No NPK) 12.77 12.92 11.61
F1 (90:45:22.5) 13.00 14.14 12.41
F2 (120:60:30) 14.29 14.98 12.62
F3 (150:75:37.5) 14.62 16.63 12.95
Factor (B) at same SE (mz) 0.48
Level of A CD (p<0.05) 1.06
Factor (A) at same SE (m+) 0.35
Level of B CD (p<0.05) 1.24
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3.3 Yield

3.3.1 Grain yield (t ha)

The data in Table 9 and illustrated in Figures 11 and 12
indicated that both sowing dates and fertility levels
markedly changed grain yield. Among different sowing
dates, the 19™ SWM sowing (S2) achieved maximum grain
yield (5.39 t ha), significantly outperforming the 16" SWM
sowing (S1) and the 22" SWM sowing (S3), which had the
lowest yield of 4.28 t ha'’. Different fertility levels also had
a significant impact on maize grain yield. The application of
125% RDF (F3) resulted in maximum grain yield (5.61 t ha"
1), surpassing all other fertility levels. This was followed by
100% RDF (F2) with a grain yield of 5.21 t haX. The control
treatment (FO) produced the lowest grain yield of 3.92 t ha™.
Significant interaction of sowing dates and fertility levels
was observed on grain yield (Table 9.1). Significantly
highest grain yield (6.29 t ha') was observed in the
treatment combination of S2F3 (19" SWM, 125%RDF) and
lowest grain yield (3.60 t hal) was observed in treatment
combination of S3F0 (22" SWM, Control).

3.3.2 Stover yield (t hal)

It was evident from the data in Table 9 that sowing dates
and fertility levels significantly affected Stover yield. The
19" SWM sowing (S2) achieved a significantly higher
Stover yield of 6.46 t ha’ compared to the 22" SWM
sowing (S3), which had a Stover yield of 5.75 t ha™
However, the 16" SWM sowing (S1) was rated equally with
19" SWM (S2). Regarding fertility levels, the application of
125% RDF (F3) resulted in a significantly higher Stover
yield of 6.83 t ha* compared to 100% RDF (F2), 75% RDF
(F1), and the control (FO). The control treatment (FO) had
the lowest Stover yield of 5.50 t ha™.

The interaction effect of sowing dates and fertility levels on
cob weight came out to be non-significant.

3.3.3 Biological yield (t ha™)

The data in Table 9 indicated significant differences in
biological yield among various sowing dates and fertility
levels. The 19" SWM sowing (S2) achieved highest
biological yield (11.85 t ha) surpassed significantly the
yields from the 16" SWM (S1) and 22" SWM (S3)
sowings. The lowest biological yield of 10.02 t ha?! was
recorded for the 22" SWM sowing (S3). Pertaining to
fertility levels, applying 125% RDF (F3) attained the top
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biological yield (12.44 t ha?), significantly surpassing the
other fertility levels. This was followed by 100% RDF (F2),
which produced a biological yield of 11.52 t ha?. The
control treatment (FO) yielded the lowest biological yield, at
9.42 that.

The interaction of sowing dates and fertility levels was
noted to be significant on biological yield (Table 9.2).
Significantly highest biological yield (13.44 t hal) was
apparent in the S2F3 (19" SWM, 125% RDF) treatment
combination and lowest biological yield (8.75 t ha) was
observed in treatment combination of S3F0 (22" SWM,
Control).

3.3.4 Harvest index (%0)

The data on harvest index, presented in Table 9, shows that
both sowing dates and fertility levels significantly
influenced the harvest index. The 19" SWM sowing (S2)
achieved a significantly higher harvest index of 45.33%,
compared to the 22" SWM sowing (S3), which had a
harvest index of 42.60%. However, 16" SWM (S1) was
found to be at par with 22" SWM (S3) and 19" SWM (S2).
Among fertility levels, the application of 125% RDF (F3)
resulted in a significantly higher harvest index of 45.04%
compared to 100% RDF (F2), 75% RDF (F1), and the
control (FO). The control treatment (FO) had the lowest
harvest index, at 41.58%. The interaction effect of sowing
dates and fertility levels on harvest index was determined to
have negligible impact.

3.3.5 Shelling percentage (%)

The data in Table 9 revealed that shelling percentage was
heavily impacted by both sowing dates and fertility levels.
Among the sowing dates, the 19" SWM sowing (S2)
achieved the highest shelling percentage of 62.47%,
significantly higher than the 16" SWM (S1) and 22" SWM
sowings (S3), recorded lowest shelling percentage of
56.72%. Additional findings exposed that different fertility
levels significantly impacted shelling percentage. Applying
125% RDF (F3) resulted in the highest shelling percentage
of 61.8%, surpassing 100% RDF (F2), which had a shelling
percentage of 60.3%. The lowest shelling percentage of
57.4% was reflected in the FO treatment (control).

The harvest index did not disclose a significant interaction
between the planting dates and fertility levels.

Table 9: Yield of QPM as influenced by different sowing dates and fertility levels

Yield

Treatment | Grain yield (t ha) | Stover yield (t ha?) [ Biological yield (t ha?) [ Harvest index (%) | Shelling percentage (%)

Main Factor: Sowing date

S1 (160 SWM) 471 6.16 10.87 43.12 59.56
S2 (19" SWM) 5.39 6.46 11.85 45.33 62.47
S3 (22" SWM) 4.28 5.75 10.02 42.60 56.72
SE (mz) 0.06 0.09 0.09 0.57 0.72
CD (p<0.05) 0.22 0.36 0.34 2.23 2.82
Sub-Factor: Fertility levels
FO (No NPK) 3.92 5.50 9.42 41.58 57.4
F1(90:45:22.5) 441 5.83 10.24 42.98 58.9
F2 (120:60:30) 5.21 6.31 11.52 45,13 60.3
F3(150:75:37.5) 5.61 6.83 12.44 45.04 61.8
SE (m+) 0.04 0.02 0.05 0.23 0.40
CD (p<0.05) 0.14 0.06 0.16 0.78 1.38
Interaction S NS S NS NS
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Table 9.1: Interaction effect of sowing dates and fertility levels on grain yield of QPM

(Main x Sub plots) S1 (16" SWM) S2 (19t SWM) S3 (22" SWM)
FO (No NPK) 3.78 4.39 3.60
F1 (90:45:22.5) 4.28 497 3.98
F2 (120:60:30) 5.19 5.90 4.55
F3 (150:75:37.5) 5.59 6.29 4.98
Factor (B) at SE (mz+) 0.11
Same level of A CD (p<0.05) 0.28
Factor (A) at SE (m+) 0.09
Same level of A CD (p<0.05) 0.31
Table 9.2: Interaction effect of sowing dates and fertility levels on biological yield of QPM
(Main x Sub plots) S1 (16" SWM) S2 (19% SWM) S3 (22" SWM)
FO (No NPK) 9.29 10.24 8.75
F1 (90:45:22.5) 10.19 11.12 9.43
F2 (120:60:30) 11.55 1257 10.46
F3 (150:75:37.5) 12.45 13.44 11.46
Factor (B) at SE (mz) 0.17
Same level of A CD (p<0.05) 0.32
Factor (A) at SE (m+) 0.11
Same level of A CD (p<0.05) 0.42
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Fig 12: Yield of QPM as influenced by different fertility levels
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4. Discussion

4.1 Growth parameters of QPM as influenced by
different sowing dates and fertility levels

4.1.1 Plant height (cm)

Research findings indicated that the height of maize plants
is greatly influenced by both the dates of sowing and the
fertility levels. The height of maize plants was significantly
influenced by sowing dates and fertility levels. Sowing on
19t SWM (S2) produced the tallest plants, followed by 16t
SWM (S1), while the shortest plants were recorded with
22" SWM (S3), likely due to unfavourable late-season
conditions. These results are supported by Moosavi et al.
(2012) 181, These findings align with the observations of
Moosavi et al. (2012) 61 who reported a significant
reduction in plant height with delayed maize sowing.
Among fertility treatments, 125% RDF (F3) resulted in
maximum plant height, attributed to better nutrient
availability and balanced nutrition. The control (F0)
produced the shortest plants due to nutrient deficiency,
highlighting the adverse effects of nutrient deficiency on
plant growth and reduced biomass. Equivalent results have
been documented by Paradkar and Sharma (1994) [,
Roongtanakiat et al. (2000), Dutta and Singh (2002) ],
Kumar et al. (2005) [*4, and Jat et al. (2006) [,

The statistical analysis found no notable impact from the
combined effects of sowing dates and fertilizer amounts on
height of plant during all phases of crop development.

5.1.2 Dry matter accumulation (q hal)

Sowing on 19" SWM (S2) led to the highest dry matter
accumulation due to favourable weather during key growth
stages, while the lowest was recorded with the 22" SWM
(S3) sowing. These findings are consistent with Girijesh et
al. (2011) 1. Fertility level F3 (125% RDF) significantly
enhanced dry matter accumulation, indicating the
importance of nutrient availability. The lowest accumulation
was under the control (F0), highlighting the negative impact
of nutrient deficiency. These results align with Verma et al.
(2011) 21, No significant interaction was recorded.

4.1.2 SPAD reading

SPAD values were significantly affected by both sowing
dates and fertility levels. The highest SPAD was recorded
under 19" SWM (S2), indicating better chlorophyll content
and plant health, while the lowest was observed in the 22"
SWM (S3) sowing. These observations support what Mir et
al. (2023) 24 found when they worked with direct drum-
seeded rice. Fertility level F3 (125% RDF) resulted in the
highest SPAD value due to enhanced chlorophyll synthesis,
while the control (FO) recorded the lowest. Like findings
were noted by Varvel et al. (1997) 1 also demonstrated
that N fertilizer significantly increased SPAD readings. No
interaction effect was observed.

4.1.3 Leaf area index (LAI)

Sowing on 19" SWM (S2) recorded the highest LAI,
followed by S1, while the lowest was observed under S3.
Higher LAI at S2 indicates better growing conditions for
leaf expansion. These results agree with Moosavi et al.
(2012) D81, Fertility level F3 (125% RDF) produced the
maximum LAI, while Fo recorded the lowest. These results
were supported by Verma & Joshi (1998) 11 and Shivay &
Singh (2000) 31 who noted improvements in LAI with
increased nitrogen levels.
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4.1.5 Days required to reach various phenological stages

Sowing date significantly influenced the duration of
phenological stages. Maize sown on 16" SWM (S1) took
longer to reach each stage, while the 22" SWM (S3) sowing
matured faster due to higher temperatures. These results are

supported by Khan et al. (2002) 1 and Kim et al. (1999)
[12]

Under 125% RDF (F3), phenological stages were delayed
due to vigorous growth, whereas the shortest duration was
recorded under the control (F0). These findings are in
agreement with Mohammadi et al. (2014) "1 and Sendra et
al. (1993) %1, No significant interaction was observed.

4.1.6 Yield attributes of QPM as influenced by different
sowing dates and fertility levels

Sowing on 19" SWM (S2) significantly improved all yield
parameters cob length, cob weight, number of kernel rows,
and seed index compared to other dates, due to better
environmental conditions during reproductive stages.
Sowing on 22" SWM (S3) resulted in the lowest values.
These findings are in line with Khan et al. (2002) 0¥,
Namaka et al. (2008), and Hassan et al. (1998) ©l.

Fertility level F3 (125% RDF) produced the best results for
all yield attributes, while the control (FO) recorded the
lowest. These results align with findings from Rizwan et al.
(2003) 291, Additionally, it was discovered by Sabir et al.
(2000) B4 and Mehmood et al. (2001) [ that greater
nitrogen rates led to a considerable increase in the no. of
grains per cob, while Shanti et al. (1997) B2 also observed
significant improvements in yield attributes such as cob
length, cob girth, and 1000-grain weight with increased
nitrogen application.

4.1.6 Yield of QPM as influenced by different sowing
dates and fertility levels

Grain yield, Stover yield, biological yield, harvest index,
and shelling percentage were significantly influenced by
sowing dates and fertility levels. Maximum values were
observed for the 19" SWM (S2) sowing due to optimal
growing conditions, while the 22" SWM (S3) sowing
yielded the lowest due to reduced crop duration and
environmental stress. These observations are supported by
Jaliya et al. (2008) ', Namaka et al. (2008), and Khan et
al. (2002) 41,

Among fertility levels, F3 (125% RDF) significantly
enhanced all yield components. The lowest values were
recorded under the control (FO), highlighting the negative
impact of nutrient stress. These findings are in agreement
with Mungai et al. (1999) ?2, Singh et al. (2000) &, and
Parmar & Sharma (2001) 1. A significant interaction was
observed for grain and biological yield under the S2F3
combination.

5. Conclusion

The study concluded that sowing Quality Protein Maize
(QPM) on 19" SWM yielded superior results compared to
earlier (16 SWM) and later (22" SWM) sowing dates
pertaining to growth characteristics (plant height, dry matter
accumulation, SPAD value, and LAIl), yield attributes,
overall yield, protein content, nutrient uptake, and nutrient
use efficiencies. Results showed that the greatest level of
improvement was attained with 125% RDF (150:75:37.5)
enhancing crop growth characteristics, yield-contributing
factors, overall yield, protein content, nutrient uptake, and
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agro-meteorological

indices, indicating better nutrient

utilization by the crop. Therefore, sowing QPM on 19t
SWM with 125% RDF application is recommended for
optimal productivity (5.39 and 5.61 t ha') and profitability
(BCR of 1.94) in the temperate conditions of the Kashmir
valley.
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