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A study was conducted during two seasons, Rabi 2022-23 and 2023-24, on the farm of Lovely Professional University
in Jalandhar, Punjab, focusing on the “leaf area index, quality, and nutrient uptake in wheat (7riticum aestivum L.)
affected by different planting patterns and nitrogen levels.” The experiment was set up in a split-plot design (SPD)
with three planting techniques: two rows per bed, bidirectional sowing, and line sowing in the main plots, and five
nitrogen levels: 0, 40, 80, 120, and 160 Kg N/ha. The findings concluded that among the main plots, significantly
greater leaf area index, chlorophyll index, protein content (7.61%, 9.46%), and nitrogen content by grains (1.21%,
1.51%) and straw (0.63%, 0.66%) were obtained in the two rows per bed technique compared to bidirectional
and line techniques. Additionally, there was an increased nitrogen uptake by grains and straw, significantly higher
(39.98%, 33.97%, and 65.35%, 62.42%, respectively) in two rows per bed and (15.40%, 12.85%, and 24.53%,
21.46%, respectively) in bidirectional sowing during both years compared to flat sowing technique. Among the
nitrogen level treatments, chlorophyll index (46.81 and 43.54), protein content (9.79% and 11.61%), nitrogen content
(1.32%, 1.62% and 0.73%, 0.76%), and uptake (85.72 Kg/ha, 99.52 Kg/ha, and 47.80 Kg/ha, 48.96 Kg/ha) in grains

and straw were significantly higher in the 160 Kg N/ha treatment compared to 0, 40, 80, and 120 Kg/ha.

1. INTRODUCTION

Rice is the most edible crop in India, yet wheat is the top food grain
crop globally. While rice is the primary staple crop in India, wheat is
the most widely cultivated food grain globally. According to ancient
studies, emmer wheat was first cultivated around 9600 BC. By 7500
BC, wheat and barley were being cultivated, but the first cultivation of
wheat occurred approximately 10,000 years ago, marking the beginning
of agricultural practices during the Neolithic age [1]. According to
statistical reports, wheat production was 592 million metric tons in
1990-1991, increased to 789.17 million metric tons in 2022-2023, and
is estimated to be 784.91 million metric tons in 2023-2024, slightly
lower than the previous year . India is the second-largest producer of
wheat after China. In our country, wheat production reached 109.53
million tons, cultivated over an area of 316.14 lakh hectares, with a
productivity of 3464 Kg/ha [2]. Wheat is the most common cereal
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crop, growing under 219 million hectares in the World and 29.8 million
hectares in India. India is the second largest producer of wheat after
China[3]. The main way to increase wheat productivity is by selecting
the proper planting pattern. The selection of efficient planting patterns
is crucial for enhancing crop productivity. Choosing the right planting
pattern is essential for maximizing wheat productivity by optimizing
resource use, minimizing competition, managing pests and diseases,
and facilitating efficient agricultural operations. There are several
common planting patterns used in agriculture, such as broadcasting,
bi-directional sowing, furrow irrigated raised beds, and flatbed
sowing. The row and bed methods of wheat sowing have their own
pros and cons. In terms of growth parameters and yield, ridge and
furrow sowing out performed traditional flat sowing. The row spacing
is also important for maintaining the plant population. The bed method
is more efficient than flat sowing because it provides mechanical
strength to plants, saves water, increases fertilizer use efficiency,
reduces competition between crops and weeds, reduces water logging,
and causes less erosion [4]. The bed technique is superior to row or flat
sowing because it provides support to plants, improves water usage
efficiency, enhances nutrient utilization, reduces competition between
weeds and plants, decreases water retention, and minimizes erosion.
Cross-sowing or bidirectional sowing also contributes to increased
grain yield through its smothering effect on weeds, improved resource
utilization efficiency, and mitigation of risks associated with climate
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variability and extreme weather events. Different planting patterns
also influence the growth and development of weeds, thereby affecting
wheat production per unit area.

Nitrogen is the most important nutrient for the growth and maturation
of all plants, including kernels. Nitrogen is an integral part of the
nucleoplasm, polypeptides, nucleotides, catalysts, and proteins,
enabling the proper formation of husks and florets [5]. Nitrogen is the
foremost macronutrient continuously utilized by farmers. Nitrogen is
essential for numerous physiological processes in plants, ranging from
basic metabolism and growth to responses to environmental stimuli.
Maintaining optimal nitrogen levels is crucial for promoting enzyme
co-factors, chlorophyll formation, secondary metabolites, osmotic
regulation, healthy plant growth, development, and productivity. Since
nitrogen is a key component of proteins, vitamins, hormones, and
other substances, it is essential for both plants and animals, critically
impacting life [6]. It plays a significant role in various physiological
processes, including photosynthesis, protein synthesis, enzyme
activities, and overall plant metabolism. The maximum number of
tillers, biological yield, and seed yield were reported with 203 Kg N/
ha, while seed yield, test weight, and seed/spike were observed with
the use of 145 Kg N/ha [7]. The supply of 120 Kg N/ha showed higher
nitrogen use efficiency in the bed method (15.2%) when applied at
the same rate as in flat sowing. Nitrogen use efficiency, recovery
efficiency, and agronomic efficiency were also higher in bed planting
than in flat planting. The main objectives of the study are given below:

1. To study the influence of planting patterns on N uptake by wheat
crops under different N levels.

2. To determine the interactive effects between planting patterns and
nitrogen levels.

3. To estimate the wheat quality and uptake of N as influenced by
planting patterns and nitrogen level treatments.

Table 2: Effect of planting techniques and N levels on leaf area index.

2. MATERIAL AND METHODS

The field experiment on the wheat variety PBW 824 was grown
at the demonstration farm of Lovely Professional University,
Phagwara during Rabi 2022-2023 and 2023-24. The trial was
sown on sandy loam soil in 2022-23 and 2023-24 with a 6.05 pH,
0.38 % organic carbon, 306.5 Kg/ha available nitrogen, 25.3 Kg/ha
available phosphorus, and 190.1 Kg/ha available potassium. The
trial was set out in SPD with three planting techniques in major
plots and five N treatments in minor plots, with four replications
during both years. The three planting patterns, that is, M - two rows
per bed, M, - bidirectional sowing, M- line/row sowing were stayed
in major plots and 5 N treatments i.e. T - 0, T,- 40, T,- 80, T,- 120,
and T,- 160 Kg N/ha were retained in minor plots. The field was
prepared with discing and cultivators (twice), and sowing was done
with the Kera method on November 4, 2022 in the first season and
on November 6, 2023 in the second season. The subplot size was
5x%3.20 m and the major plot size was 64 Sq. m. during both years.
The bed size was 67.5 cm with a top of 37.5 cm and a 30 cm. Two
rows per bed were grown on top of the bed. The spray of EMEK
(metribuzin+clodinafop) at 240 g was made to keep the crop free
from broad leaf weeds, Phalaris minor, and both, respectively. The
spray of herbicides was finished as Post-emergence (POE) after

Table 1: Anova table.

Source of d.f S.S MS F value
Variation

Replication m-1 SSR M = SSR/(m-1) M/M,
X n-1 SSX M = SSX/(n-1) M /M,
Error (a) (m-1) (n-1)  SSE M, = SSE(a)/(m-1)(n-1)

Y k-1 SSY M = SSY/(k-1) My/l\/lb
Interaction  (n-1) (k-1)  SSXY MKy = SSXY/(n-1)(m-1) Mxy/Ma
XY

Error (b) n(m-1)(k-1)  SSE M,= SSE(b)/n(m-1)(k-1)

Total mnk-1 SST

Leaf area index

Treatments 60 DAS 90 DAS 120 DAS
2022-23 2022-23 2023-24 Pool 202223 2023-24 Pool 202223 2023-24 Pool
Planting patterns

Two rows per bed 5.12 5.47 5.30 5.77 6.09 5.93 5.98 5.41 5.69
Cross sowing 5.04 5.39 5.2 5.67 5.98 5.82 5.54 497 5.25
Flat sowing 492 527 5.10 552 5.84 5.68 5.73 5.07 5.4

SE(m) + 0.02 0.03 0.02 0.04 0.02 0.03 0.07 0.08 0.07
C.D. 0.14 0.14 0.14 0.1 1.1 0.1 NS 0.29 0.3

Nitrogen levels

0 Kg N/ha 48 5.15 4.98 5.4 5.72 5.56 5.1 451 48

40 Kg N/ha 5.01 5.36 52 5.62 5.94 5.78 5.47 483 5.15
80 Kg N/ha 5.03 5.37 5.18 5.78 5.98 5.82 5.66 5.18 5.48
120 Kg N/ha 5.05 5.4 5.23 6.06 6.02 5.98 5.7 547 5.68
160 Kg N/ha 527 5.62 5.45 6.29 6.19 6.06 5.87 577 5.89
SE(m) + 0.04 0.05 0.04 0.03 0.04 0.03 0.0 0.03 0.04
C.D. 0.13 0.13 0.13 0.1 0.12 0.12 0.12 0.1 0.1
Interaction NS NS NS 021 0.2 021 NS NS NS
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Table 3: Effect of planting techniques and N levels on chlorophyll index.

Chlorophyll index

Treatments 60 DAS 90 DAS
2022-23 2023-24  Pool  2022-23 2023-24 Pool

Planting patterns
Two rows per  43.21 40.02 41.62  39.66 39.6 39.64
bed
Cross sowing ~ 40.72 37.41 3826 3641 37.34 36.91
Flat sowing 39.96 36.53 39.05 3738 37.68 37.44
SE(m) + 0.53 0.51 0.52 0.43 0.49 0.46
C.D. 1.6 0.87 1.1 1.63 1.82 1.66

Nitrogen levels

0 Kg N/ha 31.71 29.65 30.70  28.18 28.92 28.55
40 Kg N/ha 39.92 36.01 37.99  36.46 36.95 36.71
80 Kg N/ha 42.34 38.6 4047  38.84 39.18 39.01
120 Kg N/ha  45.68 42.14 43.88  42.15 42.09 42.11
160 Kg N/ha  46.81 43.54 45.18 4331 43.88 43.61
SE(m) + 0.31 0.36 0.33 0.43 0.39 0.41
C.D. 1.01 0.85 0.73 0.97 1.04 0.95
Interaction NS 1.55 1.37 NS NS NS

Table 4: Effect of planting techniques and N levels on nitrogen uptake by
grains and straw (Kg/ha).

Treatments Nitrogen uptake by

straw (Kg /ha)
2022-23 2023-24  Pool

Nitrogen uptake by
grains (Kg /ha)

2022-23 202324 Pool

Planting patterns

Two rows per bed ~ 53.07 63.88 58.60 27.63 27.92 28.0
Cross sowing 43.75 53.81 49.18 20.81 20.88  21.07
Flat sowing 3791 47.68 42.73  16.71 17.19  17.17
SE(m) + 0.61 0.65 0.63 0.56 0.43 0.49

C.D. 0.047 0.065 0.053 0.047  0.054 0.048

Nitrogen levels

0 Kg N/ha 18.09 2401 2133 461 4.54 4.47

40 Kg N/ha 25.58 3291 2942 9.84 10.05 9.81

80 Kg N/ha 42.54 53.77 48.28 21.93 2244 2198
120 Kg N/ha 69.73 83.14 83.89 38.56 39.0  40.02
160 Kg N/ha 85.72 99.52 9249 4780 4896  50.79
SE(m) + 0.60 0.54 0.57 0.38 0.42 0.40
C.D. 0.054  0.053 0.05 0.051 0.041  0.043
Interaction NS 0.17 0.16 NS 0.14 0.14

35 days of sowing, according to treatments. The N doses were
supplied according to treatments at sowing time, and the 2nd half
dose was appealed after 35 DAS. The Ist irrigation was appealed
after 21 days after sowing at the crown stage, the 2nd at the initiation
of tillers, the 3rd at the boot stage, and the 4th at the milky stage as
an opinion to the precipitation situation.

To avoid damage to Jassids and Aphids, the plot was spritzed with
malathion at 1.0 lit/ha. After that, the crop was culled with a sickle
after 146 DAS in the first season and 143 DAS in the second season
after considering the signs of maturity and switching the color of
the plant. The net plot harvested was two Sq. m. from the central

portion of each plot. The crop was bound after harvesting and kept
in the sun for complete drying. Then the crop was beaded with
stakes, and seeds were winnowed and plot-wise chewed over on the
balance machine.

The analysis was completed by OPSTAT (two-factor analysis).
All the above research data on different parameters of crops was
analyzed by analysis of variance statistical method. The Critical
difference values are at 5%, significance levels are at 1%, and
non-significant data is denoted as NS. The data was analyzed
through Operational Statistics (OPSTAT), Hisar Agriculture
University (HAU).

Table 5: Effect of planting techniques and N levels on protein content, nitrogen content in grains and straw (%).

Treatments Protein content (%) Nitrogen content in grains (%) Nitrogen content in straw (%)
2022-23 2023-24 Pool 2022-23 2023-24 Pool 2022-23 2023-24 Pool
Planting patterns
Two rows per bed 7.61 9.46 8.54 1.21 1.51 1.36 0.63 0.66 0.65
Cross sowing 6.49 8.37 7.43 1.03 1.34 1.19 0.49 0.52 0.51
Flat sowing 5.81 7.59 6.71 0.93 1.22 1.07 0.41 0.44 0.43
SE(m) + 0.07 0.09 0.08 0.03 0.01 0.02 0.02 0.01 0.01
C.D. 0.29 0.32 0.30 0.047 0.051 0.048 0.047 0.042 0.044
Nitrogen levels
0 Kg N/ha 4.12 5.98 5.05 0.66 0.95 0.81 0.17 0.18 0.17
40 Kg N/ha 491 6.75 5.83 0.78 1.08 0.93 0.3 0.33 0.31
80 Kg N/ha 6.12 7.92 7.02 0.97 1.27 1.12 0.5 0.53 0.51
120 Kg N/ha 8.26 10.11 9.18 1.32 1.62 1.47 0.73 0.76 0.74
160 Kg N/ha 9.79 11.61 10.71 1.56 1.87 1.71 0.87 0.92 0.89
SE(m) + 0.13 0.11 0.12 0.01 0.02 0.01 0.02 0.04 0.03
C.D. 0.28 0.33 0.29 0.046 0.053 0.048 0.043 0.041 0.041
Interaction 0.52 0.59 0.54 0.083 0.095 0.087 0.079 0.074 0.075
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3. RESULTS AND DISCUSSION

3.1. Leaf Area Index

The leaf area index (LAI) represents the ratio of leaf area to ground
area. It reached its peak in the bed-two-row technique, significantly
surpassing the bidirectional sowing and flat planting methods [Table 2]
at 60, 90, and 120 days after sowing in both years. LAI at 60 days after
sowing was notably higher with 160 Kg nitrogen compared to other
nitrogen levels (0, 40, 80, and 120 Kg N/ha) during both the 2022-23 and
2023-24 periods. However, LAI was highest at 90 days after sowing,
attributed to the crop being at its full vegetative stage at that time.
By 120 days after sowing, as the crop entered the heading stage, the
leaf area decreased due to assimilation. Significant interactions were
observed among main and sub-treatments at 90 days after sowing in
both 2022-23 and 2023-24, while pooled means were non-significant
at 60 and 120 days after sowing across both years. Similar observations
were reported by [8].

3.2. Chlorophyll Index

The chlorophyll index directly correlates with photosynthesis and
the greenness of plants, which are crucial factors governing crop
yield. Chlorophyll content was found to be highest in the bed-two-
row technique, significantly surpassing the bidirectional sowing and
flat planting methods [Table 3] at 60 and 90 days after sowing in
both years. At 60 days after sowing, chlorophyll content was notably
higher with 160 Kg nitrogen compared to other nitrogen levels (0, 40,
80, and 120 Kg N/ha), significantly outperforming other treatments
during both 2022-23 and 2023-24. Similarly, at 90 days after sowing,
observations revealed that the 160 Kg nitrogen treatment significantly
outperformed all other nitrogen level treatments. However, the
chlorophyll index was higher at 60 days after sowing than at 90 days
after sowing because nitrogen application was ongoing until 58 days
after sowing, resulting in increased greenness at 60 days after sowing,
corresponding to the full vegetative stage of the crop. By 90 days after
sowing, as the crop reached the heading stage, chlorophyll content
decreased in leaves due to assimilation. Significant interactions were
observed among main and sub-treatments at 60 days after sowing in
2023-24, while pooled means were non-significant at 90 days after
sowing in both years. Sharma et al. (2022) concluded that the highest
number of tillers (8.7%), straw yield (15.2%), total nitrogen uptake
(25.1%), and chlorophyll readings (6.2%-10.4%) were recorded under
120 Kg N/ha compared to other doses (0, 80 Kg N/ha), which aligns
with similar findings [9].

3.3. Protein Content, Nitrogen Content in Grains and Straws (%)

The difference in protein content (%) across different planting
patterns was significant in both years [Table 5]. Protein content in the
two rows per bed planting pattern was notably higher than in other
treatments during both the 2022-23 and 2023-24 periods. This higher
protein content in the two-row-bed pattern can be attributed to better
crop stand, looser conditions, reduced weed competition, and less
waterlogged conditions. Additionally, other growth, yield, and quality
parameters were also higher in this treatment. Regarding nitrogen
levels, the highest protein content was consistently recorded at 160 Kg
N/ha compared to other nitrogen treatments. The interaction effects
of main and sub-plot treatments on protein percentage were found to
be significant. The highest nitrogen content in grains and straw was
also significantly observed in the two-row-bed planting pattern due

to better urea utilization in loose conditions and better solubilization
compared to bidirectional and flat sowing methods during both years.
Across nitrogen level treatments, nitrogen content in grains and straw
was notably higher with 160 Kg nitrogen per hectare compared to
other treatments. Yousaf (2014) revealed that across various nitrogen
treatments (0, 70, 110, 130, and 160 Kg N/ha), higher production
and protein content were observed with increased nitrogen levels.
All maturity attributes, productivity, and standard parameters were
enhanced with the increase in nitrogen doses. Similar results were also
reported by [10,11].

3.4. Nitrogen Uptake by Grains and Straw (Kg/ha)

Planting techniques and nitrogen (N) level treatments significantly
impacted N uptake by grains and straw in wheat [Table 4]. The planting
technique using two rows per bed resulted in significantly higher N
uptake by grains and straw during both years compared to bidirectional
sowing and flat sowing methods, demonstrating its superiority over
these techniques. The highest uptake by grains (53.07 and 63.88
Kg/ha) was observed in the two rows per bed method, followed
by bidirectional sowing (43.75 and 53.81 Kg/ha) and flat planting
techniques (37.91 and 47.68 Kg/ha) during both years. The two rows
per bed treatments increased nitrogen uptake by grains by 39.98% and
15.40% in 2022-23 and 33.97% and 12.85% in 2023-24 compared to
bidirectional sowing and flat planting patterns, respectively. The higher
uptake recorded in the two rows per bed method may be attributed to
superior maturity attributes and yield parameters. In terms of nitrogen
treatments, significantly higher uptake by grains and straw in wheat
was observed with 160 Kg N/ha compared to 0, 40, 80, and 120 Kg N/ha.
The uptake by grains increased by 22.93% in 2022-23 and 19.70% in
2023-24 with the application of 160 Kg N per ha compared to 120 Kg
N/ha. Similarly, the uptake by straw increased by 23.96% in 2022-23
and 25.53% in 2023-24 with the application of 160 Kg N/ha compared
to 120 Kg nitrogen. Godebo et al. (2021) conducted a study in the
Kembata Tembaro Zone, Southern Ethiopia, which revealed that most
parameters, including yield, yield components, N uptake, and use
efficiency, were significantly higher under 30 and 46 Kg N/ha compared
to 0 and 23 N/ha [12,13] also reported similar results.

4. CONCLUSION

Among all the parameters, quality parameters such as leaf area index,
chlorophyll index, and protein content were significantly higher in
the two rows per bed method. The uptake and nitrogen content of
grains and straw were notably higher in the two rows per bed method
than in other planting techniques. This was because the growth was
better with the bed method due to improved crop growth, loose soil,
a smothering effect, and less weed infestation. Among nitrogen level
treatments, the uptake of nitrogen by grains and straw, nitrogen content,
protein content, and chlorophyll index were significantly higher with
160 Kg N/ha compared to other nitrogen levels.
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