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Objective: In rainfed farming, planting density and nitrogen supply are key factors
determining wheat yield. Low plant density reduces the number of plants per unit
area, while high density decreases the amount of light, moisture, and nutrients
received by each plant. This research aimed to investigate the effects of different
nitrogen levels and planting densities on the yield components of rainfed wheat.
Methods: A split-plot experiment arranged in a randomized complete block
design with three replications was conducted over three cropping years (2018—
2021) at the Gonbad Kavous Rainfed Research Station. The main factor consisted
of four nitrogen levels (0, 46, 92, and 138 kg ha™'), and the sub-factor consisted of
six planting density levels (150, 225, 300, 375, 450, and 525 plants m2).

Results: Results showed that in the first two years, grain yield was affected by
nitrogen, planting density, and their interaction, while in the third year, only
planting density affected yield. Spike number per unit area was identified as the
most important yield component. Thousand-grain weight was also affected by the
treatments. The highest grain yield (4957 kg ha™') was observed with 138 kg N
ha™' and a planting density of 300 plants m™2.

Conclusion: In rainfed farming systems, optimizing planting density (300-375
plants m2) along with adequate nitrogen supply (92—138 kg ha™') improves rainfed
wheat yield by increasing spike number per unit area and improving thousand-
grain weight. Adjustment of treatments based on seasonal rainfall forecasts is

recommended.
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Introduction

Low plant densities reduce the number of plants per unit area, while increasing planting density

leads to a decrease in the amount of light, moisture, and nutrients received by each plant. These
factors reduce the number of spikes per plant. However, as planting density increases, the
number of spikes per square meter rises because higher density increases the number of plants
per unit area. With increased planting density, the number of spikelets per spike decreases. At
low densities, due to favorable environmental conditions and reduced competition between
neighboring plants, better conditions are provided for spike formation and grain filling.
Additionally, since nitrogen availability is a key factor in plant tillering, an increase in fertile
spikes is expected. Nitrogen helps sustain the produced tillers and, by increasing the number of
spikes and grains, enhances yield. In particular, applying all nitrogen fertilizer at planting
increases tillering due to nitrogen’s role as an essential element for crop growth. Given the
importance of nitrogen as a vital element for crop growth, the impact of planting density on
wheat yield, and the necessity of achieving self-sufficiency, this research was conducted.

Materials and Methods

This study investigated the effects of different nitrogen levels and planting densities on yield
components, including spikes per square meter, grains per spike, grain weight per spike, and
thousand-grain weight, to improve rainfed wheat yield. The experiment was conducted as a
split-plot based on a randomized complete block design with three replications during the 2018—
2021 cropping seasons at the Gonbad Kavous Rainfed Research Station. Prior to cultivation, to
determine fertilizer requirements and assess some physical and chemical properties of the soil,
three soil samples were randomly collected from each replicate at a depth of 0—30 cm. In this
experiment, the Qaboos rainfed wheat cultivar, a popular local variety, was used. Seeds were
sown on November 6, 2018 (15 Aban 1397), November 9, 2019 (18 Aban 1398), and November
7, 2020 (16 Aban 1399). Planting density and different nitrogen levels were considered as
experimental treatments. The main factor consisted of fertilizer treatments including 0, 46, 92,
and 138 kg ha™ of nitrogen from a urea source, and the sub-factor consisted of six planting
density levels: 150, 225, 300, 375, 450, and 525 plants m™2, based on thousand-grain weight
and seed consumption value.

Results

The results of the analysis of variance showed that grain yield in the first two years of the
experiment was influenced by different nitrogen levels, planting density, and the interaction of
these treatments. However, the results of the analysis of variance for the third year indicated
that grain yield was affected only by planting density. According to the observations, in all three
years of the experiment, grain yield, number of spikes per square meter, and number of grains
per spike were influenced by nitrogen, planting density, and their interaction. The interaction
effect between nitrogen levels and planting density on grain weight per spike was not
significant. The results showed that the combination of 138 kg ha™ nitrogen and a density of
300 plants per square meter in the first year of the experiment, with a grain yield of 4957 kg
ha™'; 92 kg ha™" nitrogen and a density of 375 plants per square meter in the second year, with
a grain yield of 4408 kg ha™'; and a density of 525 plants per square meter combined with 138
kg ha™! nitrogen in the third year, with a grain yield of 3235 kg ha™’, resulted in the highest grain
yields.

Conclusions
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In conclusion, the interaction between nitrogen level and planting density significantly
influenced rainfed wheat grain yield, although its effect varied across years due to climatic
fluctuations. Optimizing planting density (300—375 plants m?) along with adequate nitrogen
supply (92-138 kg ha™) improved grain yield primarily by increasing spike number per unit
area. Given the high interannual rainfall variability in dryland regions, site-specific adjustment
of agronomic practices based on seasonal precipitation forecasts is recommended for
sustainable yield improvement.
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