e i
Saeurnalal’ O M
Sl wnd Pt Science ‘7_,.“' :
s

J Soil Plant Sci, 2025, 35(2): 43-71. e

T i

LRI

https://doi.org/10.22034/sps.2025.67401.1010

Journal of Soil and Plant Science

et

o S

J’%mr"s E-ISSN: 3092-6106 -

https://sps.tabrizu.ac.ir =
Research Article

Effects of Biochar and Nitrogen on Rapeseed Dry Matter and Macronutrients
Uptake under Water Deficit Conditions in a Pot Culture

Asad Ghaderpoor:', Adel Reyhanitabar?®.:', Nosratollah Najafi®':', Davoud Zarehaghi*'*/,
Soheil Salimi Trazoj

1-Department of Soil Science, Faculty of Agriculture, University of Tabriz, Iran. E-mail: asadaghaderpoor@gmail.com

2-Corresponding Author, Department of Soil Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.
E-mail: areyhani@tabrizu.ac.ir

3-Department of Soil Science, Faculty of Agriculture, University of Tabriz, Iran. E-mail: n-najafi@tabrizu.ac.ir

4-Department of Soil Science, Faculty of Agriculture, University of Tabriz, Iran. E-mail: davoudhaghi@tabrizu.ac.ir

5-Department of Soil Science, Faculty of Agriculture, University of Tabriz, Iran. E-mail:soheilsalimi70@yahoo.com

Received: May, 2025 Revised: July 6, 2025
Accepted: July 12, 2025 Published: July 28, 2025

Extended Abstract

Background and Objectives

The use of organic and slow release fertilizers is one of the methods of increasing the bioavailability and use
efficiency of nitrogen in plants. Biochar is a solid, carbon-rich material, obtained during thermochemical
decomposition (pyrolysis) of biomass in a closed container under no or limited oxygen supply. Biochar is an
organic matter that improves plant growth by the water- and nutrient-holding capacity. The interest in biochar
research is mostly focused on its roles in long-term carbon storage in soils, and soil fertility. Strong resistance
to microbial decomposition, high nutrient content such as phosphorus, potassium, calcium, and magnesium,
high specific surface area, high cation exchange capacity (CEC), and porosity are the outstanding properties
of biochar distinguishing it from other soil amendments. Nitrogen is one of the macronutrients for all plants,
and its deficiency is common in arid and semi-arid calcareous soils. Because most soils cannot supply sufficient
amount of plant available-nitrogen, inorganic and/or organic nitrogen sources must be applied to meet plant
nitrogen requirements. Rapeseed (Brassica napus L.) also known as rape, oilseed rape, and canola, is a bright-
yellow flowering member of the family Brassicaceae, cultivated mainly for its oil-rich seeds. About 90% of
Iran's oil consumption is imported from abroad, and recently, the cultivation of rapeseed and attention to its
nutrition have been included in the Ministry of Agriculture's programs. Rapeseed is known as a plant with a
high nitrogen requirement. Therefore, it is important to study the interaction of nitrogen with biochar in the
case of rapeseed.

Materials and Methods

This experiment examined the interaction effects of biochar (produced by wheat straw pyrolyzed at 300 ‘C)
and nitrogen (N) under water deficit stress on the growth and macronutrients uptake of rapeseed (Brassica
napus L.) cv. Hyola 308 in greenhouse conditions in a calcareous sandy loam soil. A factorial experiment was
done in a completely randomized design with three replicates. The applied soil was passed through a 4.76
sieve, supplied with various levels of organic matter plus inorganic nitrogen (50 mg kg™ from ammonium
sulfate source), and kept at 80-100% of field capacity (FC) moisture under greenhouse conditions for 60 days.
The factors of our experiment were organic matter (biochar and wheat straw, each at three levels of 0, 0.75
and 1.5 %), nitrogen at two levels (150 and 300 mg N kg™ as urea) and soil moisture at two levels (0.85FC-
FC as without stress or optimum moisture and 0.5FC-0.6FC as water defict stress). After 90 days of plants
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growth, the plants were harvested and the dry matter and the concentrations of nitrogen, phosphorus,
potassium, calcium, and magnesium in shoot of rapeseed plants were measured.

Results

The results showed that application of nitrogen and biochar significantly increased rapeseed shoot dry matter.
In contrast, water drought stress decreased rapeseed shoot dry matter. The two-way interaction of nitrogen x
moisture level was significant on the concentrations of nitrogen, calcium and magnesium in the rapeseed shoot.
Nitrogen and phosphorus concentrations were not significantly different between treatments containing
biochar and without organic matter. Biochar application increased shoot potassium concentration compared to
organic-free treatments. Concentrations of calcium and magnesium in the biochar containing treatments were
not significantly different from those without organic matter. Drought stress increased the concentration of all
studied nutrients due to the concentration effect except calcium concentration in rapeseed shoot. According to
the results, it can be concluded that biochar application increased studied nutrients uptake and resulted in
improved rapeseed plant growth. In this greenhouse study, the highest shoot dry matter was obtained by
application of wheat straw at the 0.75% level and 300 mg of nitrogen per kg of soil at the moisture level of 85
to 100% of field capacity. Under 0.5FC-0.6FC and 1.5% biochar application conditions, increasing the level
of nitrogen from150 mg N kg® to 300 mg N kg™ soil had no significant effect on the shoot dry matter of
rapeseed plant.

Conclusion

According to the results of this study, the use of biochar derived from wheat straw pyrolyzed at 300 C,
increased the uptake of macronutrients by rapeseed, Hyola 308 cultivar, in a sandy loam soil. Biochar and
wheat straw may play important roles in counteracting drought stress and improving soil fertility and canola
production along with other proven benefits. Under water deficit conditions, the rapeseed plant need for
nitrogen fertilizer can be decreased. At moisture content of 85 to 100% of field capacity, 300 mg nitrogen and
at moisture content of 50 to 65% of field capacity, 150 mg nitrogen per kilogram of soil can be recommended
under similar conditions. More research is needed in this area especially under field conditions.
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