Investigating the effect of controlled fire on soil thermal-humidity profile and
simulating carbon and nitrogen cycles using the DNDC model

Abstract

Fire is one of the most important ecological disturbances that can significantly affect the physical, chemical, and biological
properties of soil. The intensity, duration, and frequency of fire, are effective on soil properties. In Khuzestan Province, intentional
and managed fires are widely practiced in agricultural lands, especially after sugarcane harvest. In order to conduct this study, three
land uses including sugarcane, wheat and virgin shrubland were selected and the effect of fire on four land treatments including
sugarcane (SAH), wheat with residues (WCR), wheat without residues (WRR) and shrubland (BSA) was investigated. Soil
sampling was carried out from a depth of 0 to 10 cm, before and after the fire. Also, temperature changes during and after the fire
were monitored at surface up to 60 cm. The data were analyzed using a paired t-test. In addition, the DNDC model was used to
evaluate soil carbon and nitrogen cycles. The results showed that the highest temperature increase occugmad at the soil surface and
decreased with increasing depth. In the WCR treatment, fire caused a significant increase in electrical co@fSlity and a significant
decrease in the final infiltration rate and microbial respiration. In the BSA treatment, more severe chang bserved; organic

significantly reduced, while bulk density showed a significant increase. The ignif\@ant decrease
in soil organic carbon and organic nitrogen in BSA and WCR treatments up t
quality and, in arid and semi-arid regions such as Khuzestan, it is a serious threat
soil management.
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Method ‘\

This study was conducted in the Ahva: &0 the experimental fields of Shahid Chamran University and the Deabel Khazaei
Sugarcane Agro-in ot desert climate and young alluvial soils (Entisol order). The effect of fire was
evaluated across four including burned sugarcane (SAH), wheat with residue removal (WCR), wheat without

residue removal (WRR), land (BSA), within 1x1 m plots replicated three times. The monitoring process included
measuring temperature chan, e depths (surface to 60 cm) using infrared and digital thermometers, and examining soil
moisture c& i method in the pre- and post-fire stages. In the laboratory section, physical properties (texture, bulk
density and pagICIC ity, wilting point, porosity and permeability rate) and chemical and biological indices (EC, organic
carbon, total ni d microbial activity) were measured using standard methods. In order to accurately simulate the dynamics
of carbon and ni hcles in response to fire, the comprehensive DNDC 95 model was used with accurate soil inputs, climate

data from the Ahvaz'$#ion and agricultural management calendar (plowing, irrigation and fertilization). These simulations, which
were adjusted based on the Julian calendar, predicted the long-term effects of fire on soil biogeochemistry for a one-year period.
After data collection, in order to evaluate the effect of fire on the physical, chemical and biological properties of the soil, paired t-
test was used to compare the means of the studied traits in the conditions before and after the fire. Statistical analysis of the data
was performed using SPSS version 27 software and graphs were drawn using Excel software.

Results

The fire caused an increase in surface soil temperature, creating a severe thermal gradient. The greatest impact was observed in the
surface layers, with a significant decrease in heat intensity as depth increased. The intensity and extent of heat transfer were
dependent on soil properties such as texture, sand content, initial moisture, and bulk density; for instance, coarse-textured soils
experienced deeper heat penetration due to their higher thermal conductivity and lower heat capacity. The results also showed that
the soil’s response to fire varied across different treatments and was influenced by fire intensity, duration of heat exposure, initial
soil conditions, and land use type. The results of this study showed that fire has significant effects on the chemical, biological and



physical properties of the soil. From a chemical and biological perspective, combustion caused a decrease in organic carbon (OC),
total nitrogen (TN), and basal microbial respiration. These decreases were mainly attributed to the volatilization of volatile organic
compounds and the destruction of microbial communities due to high temperatures. Also, changes in soil electrical conductivity
(EC) were affected by the initial soil properties and fire intensity, increasing in some applications and decreasing in others. From a
physical perspective, fire led to an increase in soil bulk density and, as a result, total porosity, water holding capacity and soil
permeability decreased. Comparison of different treatments showed that the severity of changes in the BSA treatment was
significantly greater than in the other treatments due to the higher fire intensity. These results emphasize the determining role of
soil texture, initial soil organic matter (SOM) content, and other intrinsic soil properties, as well as fire intensity and duration, in
soil fire vulnerability. In contrast, the SAH treatment, which experienced lower fire intensity and duration with higher flame height
above the soil surface, showed limited changes. Therefore, investigating the long-term effects of fire on soil The DNDC model
showed that fire has significant immediate and long-term effects on soil carbon and nitrogen reserves; this disturbance can disrupt
the balance of these elements’ cycles and delay the soil’s return to its initial state for several years.

Conclusions
Overall, the results of this study showed that fire, by creating a strong thermal gradient, causes significa in the physical,
chemical and biological properties of the soil; so that the severity of these effects depends on thig ies of the soil
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carbon, total nitrogen and microbial respiration, along with changes in soil ph
and fertility after fire. The DNDC model simulation results also show that this
also affect soil carbon and nitrogen stocks up to a year after the fire, delaying the
Therefore, in the arid and semi-arid climate of Iran, where the natural recovery ¢

continuous monitoring and active management intervention, especially through suggai
maintain soil health and prevent secondary degradation.
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