Effect of Co-Composts on the Availability of Some Nutrients in Two Calcareous

and Acidic Soils
Abstract

Co-composting with various additives can improve the quality of the resulting compost. This study aimed to investigate the effect of
six selected co-composts on pH, electrical conductivity (EC), and the available concentrations of phosphorus, potassium, iron, zinc,
copper, and manganese in two calcareous and acidic soils during a four-month incubation period. The treatments included municipal
solid waste compost (MSW-compost), compost containing 1-2 mm biochar (B1-2 mm, 10%), NaOH-activated biochar co-compost
(NaOH-AB, 5%), H.SOs-activated biochar co-compost (H.SO4-AB, 10%), leonardite co-compost (10%), and MgSOs-modified zeolite
co-compost (MgSOs-zeolite, 10%), each applied at three levels (0, 2, and 4% wi/w). The results showed that in calcareous soil, compost
application decreased pH and increased EC, whereas in acidic soil, pH increased and EC showed slight changes. The MSW-compost
treatment resulted in the highest concentrations of P, Fe, Zn, and Cu in both soils. The highest K concentration in_both soils was
observed in the MgSOs-zeolite 10% treatment, indicating the high efficiency of this additive in K retention. The co-c
dual role depending on the soil type. In calcareous soil, they significantly increased Fe and Mn concentrations, whi idic soil,
they reduced the available concentrations of these elements, which may indicate a mitigation of their toxici i
of a 4% level of activated biochar-containing co-composts and modified zeolite co-compost, depending on th
address nutritional limitations and serve as a sustainable strategy for managing the fertility of calcare
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Extended Abstract
Objective

Calcareous and acidic soils cover large areas of the world and each has specific nutritio
arid and semi-arid regions, including most agricultural lands of Iran) er from low a
such as iron, zinc, and manganese due to high pH and calcium carbo
characterized by toxicity of aluminum, iron, and mangane
municipal solid waste (MSW) compost is a common practice to
salinity, low stability, and potential heavy metal contamination.
leonardite, and modified zeolite has been proposed to improve co

lity of phosphorus and micronutrients
t, acidic soils (found in northern Iran) are
nd phosphorus deficiencies. Application of
ut conventional MSW compost often has high
ith additives such as biochar, activated biochar,

es (calcareous vs. acidic) during a long-term incubation
changes in pH, electrical conductivity (EC), and available
erent co-composts at three application rates (0, 2, and 4%

has not been well studied. This research aimed to: (1) evaluate the tempo
P, K, Fe, Zn, Cu, and Mn in calcareous and acidic soils amended with six
w/w); (2) monitor the dynamics of these parameters
type for each soil type in terms of improving nutrient@vailability or mitig@#ng toxicity.

Method
Two composite surface soil samples (0—30 cm) yere collectegi@ calcareous soil from East Azerbaijan province and an acidic soil from
Guilan province (Sowme'eh Sga). The soils wage air-dri leved (2 mm), and characterized for physicochemical properties. Six

es (10% wi/w) during a previous co-composting study, and they were
selected based on the t (control compost without additive), (2) Bi—mm (compost with 1-2 mm
biochar), (3) NaOH-A% aOH-activated biochar, 5% additive), (4) H.SOs-AB (compost with 2M H.SOs-activated
biochar, 10% additive), post with 10% leonardite), and (6) MgSOa-zeolite (compost with 10% Mg-modified
zeolite). Each co-compost was each soil at three rates (0, 2, and 4% w/w) in plastic containers with three replicates. The
experiment was a repeated-meas esign. Soil moisture was adjusted to 70% of field capacity and maintained during 120 days of
incubation at ro samples were taken at 0, 7, 15, 30, 45, 60, 75, 90, 105, and 120 days. In each subsample, pH (1:2
soil:water), EC (1:2), & (Olsen for calcareous, Mehlich | for acidic), available K (ammonium acetate extraction), and available
Fe, Zn, Cu, Mn (DTPA ion) were measured. Data were analyzed using repeated-measures ANOVA and means were compared
by Duncan's test (p < using SPSS 27.0.

co-composts were produced fr

Results
pH: In calcar oil, all co-compost treatments decreased pH initially (from 8.25 to as low as 7.95), with the highest decrease
observed in the 4% H.SO.-AB and NaOH-AB treatments. The similar performance of these two activated biochars, despite different
activating agents (acid vs. base), is attributed to the formation of acidic functional groups (carboxyl, lactone, and phenol) on the biochar
surface during both activation processes. In acidic soil, co-compost addition increased pH from 6.21 (control) to up to 6.83 (4%
NaOH-AB). EC: EC significantly increased with co-compost addition, especially at the 4% rate, reaching a maximum of 1.12 dS/m
(calcareous) and 1.19 dS/m (acidic) in the MSW-compost (4%) treatment. Although all co-composts increased EC compared to the
control (due to the inherent salinity of composts), the amended treatments (especially those containing activated biochar and modified
zeolite) showed significantly lower EC than MSW-compost, indicating their salinity-mitigation potential. P: Available P increased in
both soils, with MSW-compost (4%) giving the highest values (47.21 mg/kg in calcareous and 100.24 mg/kg in acidic soil). Over time,
P availability decreased in calcareous soil but increased in acidic soil. K: MgSO.-zeolite (4%) resulted in the highest available K in
both soils (697.5 and 423.05 mg/kg, respectively), attributed to the high cation exchange capacity of modified zeolite and its selective
K* retention. Fe: Co-composts increased available Fe in calcareous soil (from 8.16 to 19.57 mg/kg with MSW-compost 4%) but
decreased it in acidic soil (from 161.37 to 133.41 mg/kg with NaOH-AB 4%). The reduction of Fe in acidic soil is attributed not only



to pH increase (leading to Fe*" hydrolysis and precipitation) but also to surface adsorption onto the functional groups of activated
biochar, forming stable surface complexes (Khalkhal et al., 2025). Zn: Co-composts increased Zn in calcareous soil (from 1.05t0 5.9
mg/kg) but decreased it in acidic soil (from 7.61 to 4.58 mg/kg in the 4% treatments). The simultaneous increase of P and Zn in
MSW-compost treatment is explained by the fact that P-Zn antagonism is primarily a physiological (plant-level) phenomenon, which
does not manifest in soil extracts under incubation conditions without plants; moreover, organic matter in compost forms complexes
with Zn, preventing insoluble Zn-phosphate precipitation. Cu: MSW-compost (4%) gave the highest Cu in both soils (1.83 and 4.39
mg/kg, respectively). Mn: Leonardite (4%) was most effective in calcareous soil (10.07 mg/kg), while in acidic soil, co-composts
decreased Mn from 31.91 (control) to 19.71 mg/kg (H.SO4-AB 4%). The decreasing trend of available Mn over time in calcareous soil
is likely related to gradual fixation in secondary minerals, adsorption on carbonates, or reduced solubility at high pH; however,
definitive proof of these mechanisms requires complementary mineralogical studies. In acidic soil, the reduction of Mn availability
upon compost addition is possibly due to organic complexation and local pH increase, but this cannot be directly interpreted as proof
of Mn toxicity mitigation without measuring plant-based indicators such as Mn concentration in plant tissues, toxicity symptoms, or
growth parameters.

Conclusion
The application of 4% co-composts had the most significant and consistent effects on soil chemic
availability. This study, which was limited to monitoring extractable nutrient concentrations under incubati
plants), revealed that co-composts exhibit contrasting patterns in Fe and Mn availability: in calcareousggil the
while in acidic soil they decreased these micronutrients. MSW-compost (4%) was yost effective in su , ,and Cu in
both soils, but it also increased EC and may cause salinity issues. MgSOs-zeolite (4%) superior for K suppI{ai bﬁsoils. Activated
biochar-containing co-composts (especially H2.SO4+-AB and NaOH-AB) were most e e i i areous soil and
increasing pH in acidic soil. The similar performance of acid- and base-activated biocha n is attributed to the
formation of acidic functional groups on the biochar surface during both activation proc onardite (4g@ was most effective in
enhancing Mn availability in calcareous soil. Based on the findings, 4% co-compost appli n isYdentifj
however, given the relatively high application rate, its practical r‘mmendation sh e made with caution, and potential
consequences such as increased EC and accumulation of elements (egggcially in B ost) need further evaluation. Future field
or greenhouse studies with actual plant cultivation, measu
recommended to validate these findings. Therefore, site-spec endations are necessary. For calcareous soils,
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