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Table 1. An example of a table suitable for presentation in the manuscript
Kav Mgex

’90‘. Pav
/ TNV EC ocC

pH [FSB cay
Depth (%0) (ds.m) (%0) (mg.kg™) Soil texture
(cm)
0-10 28 16 76 0.62 124 290 300 Loamclay /) o5
10-20 30 22 7.2 0.50 6.3 295 305 Loam clay / ) (o9
20-30 33 45 85 0.21 45 332 286 Loam sandy /i ed
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* The font and structure of this table have been prepared according to the journalds guidelines.
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Fig. 4. Effects of silicon, zinc, and soil water content on iron (a, b), and zinc (cTe) concentrations in rhizosphere and

non-rhizosphere soils. Treatments include 0Si (no Si), 150MSi and 300MSi (150 and 300 mg Si kg™), 0Zn (no Zn),
and 3Zn (3 mg Zn kg™), under two SWC: 0.4 FC (drought stress) and 0.8 FC (optimal). Different letters indicate
significant differences among treatments based on Duncands multiple range test (p 0 0.05).
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Background and Objectives: Iran, the third-largest pomegranate producer in

the world, possesses one of the richest genetic reservoirs of this crop,
with approximately 800 identified genotypes. Saveh is among the most
important pomegranate-producing regions in lIran and contributes
significantly to the national production and export of the fruit.
However, the arid to semi-arid climate of the area and declining
precipitation have led to salt accumulation in the soil, resulting in
salinization and a tendency toward sodicity. Besides reducing growth
and yield, salinity negatively affects fruit quality. Assessing the current
status of soil salinity and the risk of sodicity is therefore essential for
the sustainable management of pomegranate orchards in the region.

Mterials and Methods: This study was conducted in the pomegranate orchards

of Saveh. After georeferencing the orchards and preparing a base map,
soil samples were taken from the 0T60 cm depth. A total of 23 samples
were collected and transferred to the laboratory, where the following
chemical properties were determined: pH and electrical conductivity
(EC) of the saturation paste, calcium-carbonate equivalent (CCE),
soluble Clo, Nap, CaZ, Mg2 , and SO 25, and the sodium
adsorption ratio (SAR). Descriptive statistics were used for data
analysis. For spatial modeling of salinity, log-transformed data were
interpolated by ordinary kriging. A spherical variogram (nugget = 1.5,
sill = 18, range & 8 km) was selected as the best-fit model, and its
performance was validated by cross-validation.

Results: Results showed that 65.2% of the samples were non-saline, whereas

34.8% fell into the saline class. Mean ECe was 4.08 dS ma 1, mean pH
7.8, and mean CCE was 22.02%. Strong positive correlations were
observed between soluble Na¢ and HCOf w and the ECe. Average
concentrations of Clo , SOX 25 , and HCOF @ in the saturation extract
were 20.41, 18.25, and 2.16 meq Lu %, respectively. According to the
salinity zoning map, 7,000 ha of the studied area are classified as salt-
affected, implying a substantial limitation to sustainable pomegranate
production.

Conclusion: Although a considerable portion of the orchard soils in Saveh

currently suffers from salinity, the risk of sodicity remains low.
Continuous monitoring of Na¢ and HCOf @ concentrations is
nevertheless recommended to prevent future structural degradation and
fertility decline.

Cite this article: Khodshenas, M.A, Ghadbeyklou, J., 2025. Assessment of soils salinity status in pomegranate orchards of
Saveh.Journal of Soil Research, 39 (3), pp. 247-262.
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Figure 1. Geographical location of soil sampling sites in Saveh pomegranate orchards
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Table 1. Descriptive statistics of soil properties in the pomegranate orchards of Saveh
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Table 2. Correlation coefficients of soil salinity indicators in pomegranate orchards of saveh
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Background and Objectives: Agricultural systems in arid and semi-arid regions face

significant challenges, including water scarcity, climate change, and inefficient resource
management. Drip fertigation, which delivers water and fertilizers directly to the root zone,
enhances resource use efficiency by synchronizing nutrient supply with crop demand.
Understanding the dynamics of essential nutrients like phosphorus (P) and potassium (K)
under this system is vital, as their behavior differs significantly. Phosphorus is relatively
immobile in soil due to strong adsorption and precipitation reactions, particularly in
calcareous soils. In contrast, potassium exhibits greater mobility, moving via both
diffusion and mass flow. The distribution of these nutrients is influenced by the soil's
wetting pattern, soil properties, irrigation regime, and crop root architecture. This field
study investigates the spatiotemporal dynamics of P and K for two crops with contrasting
root systems®maize and potatodunder drip fertigation.This study aimed to: 1) Evaluate
the horizontal and vertical distribution of soluble and available forms of P and K in the soil
profile around maize and potato roots; 2) Compare the nutrient depletion profiles in the
rhizosphere of both crops; and 3) Investigate the transformation of applied P and K into
less mobile forms over time.

Materials and Methods: The research was carried out at the Soil and Water Research

Institute in Karaj, Iran. The soil texture was clay loam with a calcareous nature
(0.6% organic carbon and 9.4% calcium carbonate equivalent). Potato
(Agria cultivar) was cultivated in a ridge-and-furrow system, while maize (Single
Cross 704 hybrid) was planted in a strip pattern. The field was equipped with a
surface drip irrigation system. Irrigation was applied twice weekly for 4 hours per
session, delivering 4 liters per meter of drip tape. The fertilizer requirement (e.g.,
NPK), determined based on soil test results, was applied in two split applications.
Fertigation commenced one hour after the start of irrigation and continued for
three hours. Soil moisture was monitored twice daily using TDR sensors installed
at various depths (10750 cm). Following the first and second fertigation events,
intensive soil sampling was performed at specific time intervals (4, 24, 98, 624,
and 1632 hours after each). Samples were taken at horizontal distances of 0, 5,
10, and 15 cm from the emitter and at vertical depth intervals of 075, 5-10, 107
15, 15720, 25730, and 30740 cm using an auger, with two replicates per treatment
(including a non-cropped control plot). The collected soil samples were analyzed
for soluble P, available P (Olsen method), soluble K, exchangeable K, and non-
exchangeable K.

Results: The results revealed distinctly different distribution patterns for potassium

and phosphorus. The maximum accumulation for both elements was confined to
a zone within 0715 cm vertically and 0735 cm horizontally from the drip emitter,
closely following the advance of the soil wetting front. Phosphorus movement
was limited. Maximum vertical and horizontal movement reached only 13 cm and
20 cm, respectively. Soluble P concentrations increased sharply shortly after
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fertigation and returned to baseline within five days. Available P showed greater
horizontal dispersion than soluble P. Crop-specific differences were evident;
maize restricted vertical P movement, while potato promoted lateral dispersion,
reflecting their distinct root architectures and water uptake patterns. Potassium
was significantly more mobile, moving up to 20 cm vertically and over 35 cm
horizontally. The distributions of soluble and exchangeable K were highly
correlated and dependent on moisture flow. Rapid K movement occurred initially
when soil moisture was high. Importantly, K concentrations in the root zone of
cropped plots were substantially lower than in the non-cropped control,
demonstrating significant plant uptake.

Conclusion: This study demonstrates that the dynamics and distribution of
phosphorus and potassium under drip fertigation are strongly influenced by soail
properties, soil moisture, and the specific crop and its root system. The practice
of split fertigation with lower concentrations per application is highly
recommended, particularly for crops with shallow root systems, as it synchronizes
nutrient supply with root activity, thereby improving fertilizer use efficiency and
mitigating environmental risks. The successful application of geostatistical
interpolation to visualize these complex patterns underscores the potential of
integrating simulation models like HYDRUS for optimizing fertigation
management strategies, reducing the need for costly and time-intensive field
trials. This research provides practical insights for enhancing nutrient
management in drip-irrigated maize and potato systems in arid and semi-arid
regions.
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Figure 1. The geographical location and schematic view of the potato and maize cultivation project under drip irrigation.
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Figure 2. Fertigation system one hour after the irrigation (first event) for maize, potatoes, and the control treatment
(uncultivated area).
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Figure 3. Soil sampling location in maize cultivation and control (uncultivated) areas.
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Table 1. Chemical composition of the water used for irrigation and the solute concentrations during the fertigation stages.

COs* HCOy Mg?* CI Na* K* Ca* NOs NH,* P EC pH
mg/L % dS/m
0.2 103.7 7.2 355 13.75 0.8 46 6.44 3.92 0 034 85 L bl
Irrigation Water
0 256 3 18 18 514 3 504.6 516 0.04 1 7.8 . ol dpe ‘f’Lfl_b’s
First-Stage fertigation
0 628 9 25 19 423 5 479.3 500 0.03 1 P> Ao 5)lulrgS

Second-stage fertigation
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Table 2. Physical and chemical characteristics of the soil layers.

CEC ke slooyg: Pas  Kaa  PH Ec o Sk ob G
Dissolved ions Clay Silt Sand Depth

(meq/100gr) (mg/L) mag/kg (dS/m) (%) (cm)

P Na* Mg? Ca® K*

29.48 0.7 235 16 135 51.6 10.2 270 7.9 151 28 30 42 0-15
29.75 11 18 19 88 25.2 9.6 270 79 1.55 24 32 44 15-35
30.81 0.8 24 22 96 46.7 8.4 252 7.9 2.66 30 40 30 35-65
29.75 24 23 15 98 58.4 5 191 7.8 2.58 12 38 50 65-100
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Figure 5. Volumetric soil water content at different depths for the uncaltivated area, potato, and maize. The TDR sensors
were placed at a depth of 15 cm with a horizontal distance of 5 cm from the other sensors.
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Figure 6. Soluble phosphorus concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960 hours (after
second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 7. Available phosphorus concentration (Olsen) at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960
hours (after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 8. Soluble potassium concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960 hours (after
second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 9. Exchangable potassium concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960 hours
(after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Figure 10. Non-exchangable potassium concentration at different times after fertilization (4, 24, 98, 624, and 1632 hours (after first fertigation) and 4, 24, 98, and 960
hours (after second fertigation)) for the uncaltivated area, potato, and maize. The black points marked in the figures indicate the sampling points.
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Background and Objectives: The identification of the type and composition of

clay minerals in soil is of particular importance, as these minerals play a
fundamental role in potassium dynamics and in the soilbs capacity to supply
this essential element to plants. Clay minerals can influence the uptake,
retention, and release of potassium, and therefore play a crucial role in
fertilization management and in maintaining soil fertility. The present study
aims to investigate the relationship between different forms of soil potassium,
including soluble, exchangeable, and non-exchangeable potassium, as well as
the amount of released non-exchangeable potassium, in relation to the clay
mineral composition of agricultural soils.

Materials and Methods: Fifteen soil samples were collected from the 0T30 cm

depth of agricultural soils in the Shahrekord Piedmont Plain, based on
variations in exchangeable potassium, non-exchangeable potassium, cation
exchange capacity, and clay content. The physical and chemical properties of
the soils were analyzed. In addition, the exchangeable potassium of the soils
was determined using 1 N ammonium acetate, and the non-exchangeable
potassium was determined using 1 M boiling nitric acid. The amount of non-
exchangeable potassium released after 2,017 hours was measured using the
sequential extraction method with 0.01 M calcium chloride (CaClIF). The
composition of clay minerals was examined. The clay samples were saturated
with potassium and magnesium, and to identify the types of clay minerals,
Mg, MgTethylene glycol, MgTrglycerol, K, and K-heated treatments at 110,
350, and 550 °C were analyzed using an X-ray diffraction (XRD) instrument.

Results: The results showed that the range of soluble, exchangeable, and non-

exchangeable potassium concentrations was 11.5799.7, 108.57612.7, and
49172065 mg kgu 1, respectively. The range of non-exchangeable potassium
released after 2017 hours varied from 225.5 to 479.0 mg kgo . The dominant
soil minerals included: micas, chlorites, kaolinite, smectites, quartz, and a
small amount of mixed micaTchlorite minerals, with variations in their relative
abundances. In soils with similar clay and silt contents, differences in
potassium release behavior are mainly attributed to the type and proportion of
clay minerals. Soils with the lowest levels of exchangeable and non-
exchangeable potassium exhibited the highest non-exchangeable potassium
release, whereas soils with high non-exchangeable potassium content showed
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a lower release percentage. The results showed that different forms of
potassium had significant relationships with certain soil properties. Soluble
and non-exchangeable potassium, as well as the cumulative amount of non-
exchangeable potassium released after 2017 hours, were positively correlated
with electrical conductivity (r = 0.54**, r = 0.45**, r = 0.25**); soluble and
non-exchangeable potassium were negatively correlated with cation exchange
capacity (r =-0.18*, r = -0.26%*); soluble potassium was positively correlated
with organic matter (r = 0.21*); and exchangeable potassium was negatively
correlated with calcium carbonate equivalent (r = -0.34**). The different
forms of potassium and the amount of non-exchangeable potassium released
after 2017 hours showed no significant correlation with the total clay content.
Moreover, different forms of potassium and the amount of non-exchangeable
potassium released after 2017 hours showed no significant correlation with
total clay content, indicating that potassium dynamics in these soils are
influenced more by the type and composition of clay minerals than by the clay
content itself.

Conclusion: The results of this study indicated that potassium dynamics in the
agricultural soils of the Shahrekord Piedmont are primarily influenced by the
type and composition of clay minerals. In other words, the quantity and rate
of non-exchangeable potassium release in soils depend more on the abundance
and type of potassium-bearing minerals, such as micas and smectites, rather
than on merely the total clay content. Soils with high smectite content
exhibited faster non-exchangeable potassium release, whereas mica-rich soils
had high non-exchangeable potassium content but a lower release rate. These
findings highlight the importance of understanding clay mineralogy and the
different forms of potassium for designing optimal potassium fertilization
programs. To meet crop potassium requirements and avoid excessive fertilizer
application, it is necessary to consider not only exchangeable and non-
exchangeable potassium levels but also the clay mineral composition and the
behavior of potassium release.

Cite this article: Barati Zanyani, M., Hossienpur, A., Salehi, M.H., And Jafari, A., 2025. Soil Potassium Dynamics and Its
Relationship with Clay Mineralogy in Agricultural Soils of the Shahrekord Piedmont Plain. Journal of Soil Research, 39 (3), pp
287-302.
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Figure 1. Geographical location of the soil sampling points in the agricultural areas of the Shahrekord plain
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Figure 2. Geological map of the Shahrekord plain (based on the 1:100,000-scale geological map of the province).
Q: Floodplain deposits and young terraces (a mixture of clay, silt, and coarse sand),Qt: Alluvial fan deposits

K: Orbitolina-bearing limestone in the lower part, locally containing evaporitic deposits
K7: Fossiliferous marly limestone and thin layers of sandy clayey limeston.
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Table 1. Some physical and chemical properties of the studied soils
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Figure 3. Clay diffractograms of samples 1 (a), 6 (b), and 7 (c). Mg: magnesium-saturated sample; Mg-eg: magnesium-
saturated sample treated with ethylene glycol; Mg-g: magnesium-saturated sample treated with glycerol; K:

potassium-saturated sample; K110: potassium-saturated sample heated at 110 AC; K350: potassium-saturated sample
heated at 350 AC; K550: potassium-saturated sample heated at 550 AC.
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Table 2. Amounts of potassium forms and the non-exchangeable potassium released after 168 and 2017 hours (mg kg-T)
in the studied soils
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225.0 (46)* 126.0 491 108.5 115 1
410.5 (34) 2515 1212 355.3 22.7 2
3255 (42) 200.0 778 225.3 16.7 3
270.5 (21) 153.5 1305 120.7 19.3 4
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3225 (42) 184.5 775 498.7 16.3 15

330.2 (33) 1915 986.9 385.9 29.2 Oke

site S0 )las oy 4 el VIV 5l g 005 3151 ol el ¢
*: Non-exchangeable potassium released after 2017 hours by the sequential extraction method
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Figure 4. Amount of non-exchangeable potassium released by 0.01 M calcium chloride extractant in the studied soils
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Table 3. Correlation of potassium forms with soil properties
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0.117 -0.10™ -0.26* 0.07™
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0.11"
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0.09"¢

-0.08™ 0.54% 0.16™
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Exchangeable
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exchangeable
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Background and Obijectives: Sulfur is the fourth most essential and commonly required

nutrient for all living organisms, including plants, animals, humans, and
microorganisms. The effectiveness of elemental sulfur depends on its degree of
oxidation, a process driven by both chemical and biological mechanisms. Various
soil variables, such as pH, texture, temperature, moisture content, and salinity can
influence sulfur oxidation in soils. Globally, and particularly in Iran, soil salinity
poses a significant threat to agricultural productivity and food security. In Iran,
more than 50% of soils are affected by salinity constraints. Soil moisture is also a
critical variable for the biological oxidation of sulfur. However, the interactive
effects of soil moisture and salinity on sulfur-oxidizing microbial communities and
the oxidation process remain unclear. Therefore, the aim of this study was to
investigate the effect of sulfur application under different moisture conditions on
sulfur oxidation and on selected chemical properties of six soil series with varying
characteristics and salinity levels.

Materials and Methods: In this study, numerous soil samples were collected from

across the country (Iran) at a depth of 0730 cm. Following chemical analysis, six
soil samples with different salinity levels were selected. The effects of two
moisture contents (40% and 60% of saturation) and three sulfur application rates
(0, 500, and 1000 kg/ha), sourced from the Research Institute of Petroleum
Industry, along with the bacterium Thiobacillus, were evaluated. The experiment
was conducted in a completely randomized block design with three replicates for
each treatment, and incubated for one year at a constant temperature of 25°C in the
incubation chamber of the Soil and Water Research Institute laboratory.
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Results: The results indicated that in non-saline and slightly saline soils (electrical
conductivity less than 4 dS/m), sulfur application significantly decreased soil pH
and increased electrical conductivity, as well as the availability of phosphorus,
iron, zinc, and sulfate. The most pronounced reduction in pH and enhancement of
nutrient availability in these soils were observed in the treatment with 1000 kg
S/ha under 40% moisture saturation. In contrast, in highly saline soils (electrical
conductivity greater than 8 dS/m), the effect of sulfur on these properties was
markedly limited and, in most cases, non-significant. Furthermore, the highest
rate of sulfur oxidation across all soil types was recorded in the 500 kg S/ha
treatment under 40% moisture. Increasing the moisture level to 60% led to a
reduction in the oxidation rate across all salinity levels, attributable to decreased
oxygen availability and suppressed microbial activity. The highest sulfur
oxidation rate (195.5 ug S cmu 2 dayw ) was measured in the saline Lenjan soil,
while the lowest rate (2.4 ug S cma 2 dayw ) was recorded in the highly saline
Jazoushi soil on the 25th day of incubation.

Conclusion: These results highlight sulfurds potential as an effective amendment for
improving chemical properties in non-saline, and mildly saline soils. For saline
soils, pre-treatment methods such as leaching are strongly recommended to
enhance sulfurfs effectiveness.

Cite this article: Ghaderi, J., Davoodi, M.H., Mohammadi, N., Khalkhali, K., 2025. The Effect of Moisture on the Sulfur
Oxidation and Some Chemical Properties of Saline and Non-Saline Soils. Journal of Soil Research, 39 (3), pp 303-320.
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Table 1. Characteristics of the sampling area and the physical and chemical properties of the studied soils
Region characteristics

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
Gl Olade! ol R Olade! ol Oyt
Province Isfahan Kerman Bushehr Isfahan Khorasan Khuzestan
il . Ll jols g ogiiy w5l . )il s
. o9 J '/ji rof: ::P I;}’Z;‘:kjgh) ol klg.slfmad:ayenD el
Region Fereydun Mosafarabd Lands Isfahan Plain Ramhormoz
c Ll ol ol .
S S0y xS RESH RES Ejb;‘;:; el
Series Dareh Bid Kam Sorkh Bushgan Lenjan Abad Jadushi
‘-"1@,"?"’" 50° 27" 37" 57°53' 06" 51°42' 15" 52°00'50"  40°90'60.2"  49°31'02"
Latitude
“’lw’% Job 33°04'56.4" 28°06' 36" 28° 47' 53" 32°34' 03" 50° 83' 50" 31°13'33"
Longitude
Soil properties
pH (1:2.5) - 7.65 7.97 7.69 7.82 8.00 8.06
EC dSm? 0.11 1.15 2.67 8.60 12.66 18.60
ocC % 0.54 0.25 0.88 0.56 0.22 0.70
P mg kg* 20.2 12.6 35 13.00 4.40 1.00
Fe mg kg* 8.2 3.00 6.00 6.3 4.40 0.80
Zn mg kg'! 0.5 0.5 05 0.6 0.4 0.6
CEC meq 100 g* 234 11.2 14.6 14.2 114 9.2
CCE % 14.9 16.6 49.9 343 21.00 17.00
S mg kg* 2.00 116.00 356.25 8275 912.5 540.00
SP % 38.00 28.00 47.00 41.00 39.00 44.00
el - Silty Clay Loam Silty Clay Silty Clay Clay Loam Sandy Loam

Texture Loam
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Table 2. Selected chemical properties of the used vermicompost

2ol Sk )
Parameter Value Unit
pH 7.54 -
(Electrical Conductivity) S xSl colun ol 17.58 ds/m
(Moisture) cogb, 7.29 %
(Total N) JS' 595 1.55 %
ocC 24.88 %
P,0s 1.37 %
K.0 0.24 %
Fe 11978 mg/kg
Zn 239 ma/kg
Pb 44.5 mg/kg
Cd 3.00 mag/kg
(Soluble S) Jslo 5,555 0.089 %
(Total S) Js 5555 0.67 %
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Table 3. Comparison of the mean effect of sulfur rate under different moisture conditions on sulfur oxidation at
various soil incubation times

JF ol "’ﬁ’m 64 5_"’&’ w’b . BX0IXU 2=£§L:§;émg‘g'f;-z day™)

Soil Series Applied Sulfur (kg/ha) Saturation Moisture (%) 25 days 60 days 360 days

500 40 59.0 b 30.3b 53b

A 0yd 60 50.0c 24.7¢ 50b

Dareh Bid 1000 40 770a 417 a 9.0a

60 49.7¢ 25.3¢ 50b

500 40 376a 243a 46a

e 60 310D 18.1b 35b

Kam Sorkh 1000 40 236¢c 140¢c 27c

60 15.44d 9.9d 2.1d

500 40 35.7a 18.3a 23a

OKibg 60 22.3¢ 15.0b 20a

Bushgan 1000 40 26.8b 153D 20a

60 22.7¢ 11.3c¢c 20a

500 40 1955a 74.1a 99a

bl 60 1334b 54.8b 8.7b

Lenjan 40 829c¢ 32.0c 51c

1000 60 73.2d 26.5d 4.4d

) 500 40 329a 9.7a l4a

Haper 60 26.8a 9.7a 12a

Ebrahim Abad 1000 40 19.1b 6.3 ab 0.8a

60 105¢ 36b 0.6a

. 500 40 59a 45a 15a

bl 60 46b 20¢c 0.1b

Jadushi 40 38b 26b 12a

1000 60 24¢ 13c 0.2b

] 0yd B s 53 5 gime B pae 0didd i dize job 4y SB gy 1o gly g (g jo ) aliie gy %
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 4. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil pH.

(ﬁ;’/';‘;; (OSAS 3day  7day 15day 25day  40day  60day 120day 180day 270day 360 day
A 0 Dareh Bid
0 40 7.88 ab 7.87 ab 7.85ab 7.85a 7.83a 7.81lab 7.80a 7.79a 7.82a 7.85a
60 792a 791a 7.89a 7.88a 7.86a 7.84a 7.82a 7.8la 7.84a 7.88a
500 40 7.85ab 7.84 abc 7.80 bc 7.75 bc 7.72 bc 7.67 cd 7.62c 7.53c 747c 752c
60 7.90 ab 7.88a 7.85ab 7.82ab 7.78 ab 7.74 bc 7.71b 7.63b 757b 7.65b
1000 40 7.94 ab 7.79 bc 7.73 cd 7.67c 757d 7.45¢e 7.36¢e 7.32d 7.31d 7.39d
60 7.87 ab 7.84 abc 7.79 bc 7.74 bc 7.68c¢c 7.60d 751d 7.46¢C 7.40c 754 c
¢ o5 Kam Sorkh
0 40 7.99a 7.97 ab 7.96 ab 7.96 ab 7.94 ab 793a 792a 7.90 ab 7.93a 7.97 ab
60 8.03a 8.02a 8.00 a 7.99 a 7.98 a 7.96 a 794 a 793 a 7.96 a 8.00 a
500 40 7.98a 7.96 ab 7.93ab 7.88b 7.81c 7.75b 7.68b 7.75¢ 7.83b 7.92b
60 8.03a 801lc 797 a 7.93ab 7.87 bc 7.81b 7.73b 7.83b 792a 7.99 ab
1000 40 797a 7.95ab 7.88 bc 7.98¢c 7.71d 7.64c 751c 740e 7.54d 7.74d
60 8.00 a 7.99 ab 7.93 ab 7.91ab 7.80¢c 7.73b 7.58¢ 7.49d 7.65c¢C 7.83¢
o&s4 Bushgan
0 40 7.72 abcd 7.71 abc 7.69 ab 7.67a 7.66 ab 7.64 ab 7.64a 7.65a 7.68ab 7.70 ab
60 7.76 a 7.75a 7.74 a 7.72a 7.70a 7.68 a 7.68 a 7.69 a 7.76 a 7.73 a
500 40 7.71abcd 7.69bc  7.63 bcd 7.60b 7.55¢ 7.49¢ 7.55b 759b 7.63b 7.67 abc
60 7.74 ab 7.73ab 7.69 ab 7.66a 7.62b 7.58b 7.64a 7.65a 7.68ab 7.70 ab
1000 40 7.69 bed 7.66cd 7.55de 751c 7.45d 7.40d 747c 754b 7.56 ¢ 7.60c
60 7.72abc  7.70 abc 7.64 bc 7.60b 7.54 ¢ 750¢ 7.56 b 7.58 b 7.64b 7.63 bc
ok Lenjan
0 40 7.83ab 7.82ab 7.82ab  7.8labc 7.79ab  7.79 abc 7.80ab  7.8labc 7.83ab 7.84 ab
60 7.88a 7.87a 7.87a 7.86a 7.84a 7.84a 7.85a 7.85a 7.82ab 7.87a
500 40 7.82ab 7.81lab 7.80ab  7.79 abc 7.78ab  7.79 abc 7.80ab  7.80abc 7.82ab 7.83ab
60 7.88a 7.86 a 7.84a 7.82ab 7.81ab 7.83a 7.84a 7.84a 7.85a 7.86a
1000 40 7.8lab 7.80 ab 7.79 ab 777bc 7.76abc 7.77abc 7.78abc  7.79 abc 7.80ab 7.81ab
60 7.87 ab 7.84 ab 7.82ab  7.79 abc 7.78 ab 7.81ab 7.82 ab 7.82 ab 7.80a 7.83a
SU vl Ebrahim Abad
0 40 8.02a 8.02a 8.00a 8.00a 7.99a 7.98a 8.00a 8.00a 8.00a 8.02a
60 8.04a 8.04a 8.03a 8.02a 8.00a 7.99a 8.02a 8.03a 8.03a 8.04a
500 40 8.00a 8.00a 7.98a 797 a 7.96 a 7.96 a 797a 7.98a 7.99a 8.00a
60 8.04a 8.03a 8.02a 8.00a 8.00a 8.00a 8.02a 8.03a 8.03a 8.03a
1000 40 8.00 a 7.79a 7.98 a 7.96 a 7.95a 7.95a 7.96 a 797 a 7.98 a 7.99 a
60 8.02a 8.02a 8.02a 8.00 a 7.98 a 7.99a 8.00 a 8.00 a 8.02a 8.02a
S9d> Jadushi
0 40 8.23a 8.23a 8.22a 8.22a 82la 82la 82la 8.22a 8.23a 8.23a
60 8.25a 8.25a 8.24a 824 a 8.23a 8.23a 8.23a 8.24a 8.25a 8.25a
500 40 8.22a 8.21la 8.19a 8.16 a 8.14a 8.15a 8.15a 8.17 a 8.19a 8.21la
60 8.25a 8.24a 8.23a 8.20a 8.17a 8.18a 8.19a 8.21a 8.22a 8.24 a
1000 40 8.23a 8.22a 8.20a 8.18a 8.18a 8.17a 8.19a 8.20a 82la 8.22a
60 8.24a 8.24a 8.23a 8.21a 8.20a 82la 8.22a 8.22a 8.23a 8.24a

sl Ao )d B o )3 Hl5 ixe OS] pas onimd LS dipre jobdy S gy o gly g (st jo ) aliie gy %

*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 5. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil electrical
conductivity (EC).

Sulfur SP

(kg/ha) (%) 3 day 7 day 15 day 25 day 40 day 60 day 120day 180day 270day 360 day

Ap o,> Dareh Bid

40 0.13b 0.14b 0.16 cd 0.18 cd 0.19d 0.20c 0.20 de 0.21 ef 0.21e 0.22¢

0 60 0.10b 0.12b 0.13d 0.14d 0.15d 0.16¢ 0.19e 0.18f 0.19e 0.19e
500 40 0.14b 0.15b  0.17bcd  0.22 bed 0.29cd 0.34c 0.43cd 0.50 cd 0.54d 0.52cd
60 0.13b 0.14b  0.16 bcd 0.20cd 0.24cd 0.26c¢c  0.30cde 0.37 de 040a 0.42d
1000 40 0.16 b 0.18b 0.22 bc 0.29 bc 0.36¢ 0.46 ¢ 052c 0.62¢c 0.67 d 0.70¢c
60 0.14b 0.15b  0.20bcd  0.23 bed 0.31lcd 035¢ 042cd 049 cd 0.57d 0.62¢

¢ 5 Kam Sorkh
0 40 0.81d 0.82d 0.84d 0.86e 0.87d 090e 092e 0.94f 0.96 0.98 f
60 0.52¢ 0.54f 0.56¢ 0.58f 059¢e 0.61f 0.62f 0649 0.66 9 0679
500 40 0.85e 0.90 cd 099¢c 1.05d 113c 1.19d 1.30d 1.35d 1.39d 1.42d
60 0.71c 0.73e 0.80d 0.85e 0.92d 0.98e 1.05e 110e 1.14e 119e
1000 40 0.94d 0.99b 1.13b 121c 130¢ 1.00c 164c 169¢ 172¢ 176¢
60 0.82b 0.89d 097¢c 1.03d 1l4c 1.21d 1.35d 1.40d 1.45d 1.49d

a4 Bushgan
0 40 213b 215¢ 2.18¢ 221c 224 bed 2.29¢ 231lc 2.33¢ 2.35b 237¢
60 0.78¢e 0.82f 0849 0.86 f 0.87e 0.90d 0.92d 091d 097c¢ 1.00d
500 40 205b 2.37bc 2.62b 2.73b 2.83ab 2.94b 3.04b 3.10b 3.10ab 311b
60 1.05de 122e 136f 145e 1.77d 2.08¢ 227¢ 2.30¢ 2.32b 2.33¢
1000 40 241ab 2.63ab 2.73b 2.82b 2.85ab 3.12b 3.32b 3.33b 3.50ab 3.36b
60 1.24 cd 1.41 de 1.70e 1.86d 2.12cd 227¢c 2.38¢C 240c 242b 244 ¢

ok Lenjan
0 40 6.20b 6.24c 6.30cd 6.34 cd 6.44 bc 6.50 bc 6.56 bc 6.59¢ 6.71 bc 6.87 bc
60 450¢e 4.64¢e 475f 5.04 497¢e 5.25d 5.30d 5.37d 549a 5.59d
500 40 6.50 b 6.47 be 6.52 bc 6.63 bc 6.70b 6.81b 6.84b 6.93 be 7.00 be 7.13b
60 5.30d 5.71d 5.86e 591e 5.98d 6.14c 6.33¢ 6.44c 6.51c 6.60c
1000 40 6.52b 6.67b 6.72b 6.79b 6.81b 6.90b 6.96 b 7.10b 7.16b 7.23b
60 5.67¢c 571d 5.77e 5.96e 6.33d 6.46¢c 6.57 be 6.74 be 6.82 bc 6.85 b

sU vl Ebrahim Abad
0 40 12.10b 12.11b 12.13b 12.17Db 12.08 b 12.22b 12.27Db 12.35b 12.38 b 12.45Db

60 8.00e 8.10e 8.08 e 8.12¢ 8.15e 8.18¢ 8.22¢e 8.26 e 83le 8.35e
500 40 12.17ab  12.20ab 12.23b 12.27b  12.30ab 12.13b 12.40ab 12.40ab 12.50ab 12.55ab

60 8.16 de 8.18 de 8.22 de 8.25 de 8.28 de 8.32 de 8.38 de 8.42 de 8.46 de 8.25 de

40 12.32a 12.36 a 12.39a 1243 a 1245a 1249 a 1252 a 12.55a 12.60 a 12.65a

1000 60  830d 832d  835d  840d  842d 887d  852d  852d  860d  867d
S9d> Jadushi

; 40  1843a 1847a 1856a  1862a 1865a 1866a 1867a 1860a 1869a  18.71a

60 1355b 1364b  1372b  1380b  1384b  1386b  1389b  13.92b  13.94b  13.97b

500 40 1866a 1868a 1870a  18.75a  18.80a  188la  1883a  1887a  18.92a  19.00a

60 1362b  1511b  1384b  1392b  1397b  1398b  1399b  1401b  1403b  14.10b

1000 40 186la 187la 1866a 1870a 1871a  18.72a  18.74a 1875a 1875a  18.80a

60 13.65 b 1430 b 13.70 b 13.90 b 13.86 b 13.87b 13.89 b 14.00 b 13.91b 13.93b

ol Lo yd B el )0 HId gime BB pus oximd LS dipre job 4y S gy j2 (gly g gt jb )0 wlide By
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 6. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil soluble
phosphorus and sulfate.

SP
SB gpw s Phosphorus (mg/kg) Sulfate (mg/kg)
Soil (kg/ha) (%0)
Series 40 days 80 days 120 360 25 60 360
days days days days days
0 40 20.4 f 20.6 g 20.8 de 20.47 ¢ 33F 45F 69 F
60 20.3g 20.5 h 20.6 e 20.60 e 26 F 37F 54 F
i 500 40 20.8 ¢ 21.23d 21.6¢ 223¢ 856 e 1056 e 1162 e
Daéeiz 60 20.4 fg 20.7 f 20.9d 2144 732¢ 858 e 972e
100 40 220a 22.8a 2350 a 245a 2202 ¢ 2823 ¢ 3575 ¢
0 60 20.6¢ 215¢ 22.20 b 231D 1436 d 1746 d 2083 d
0 40 12.7¢ 12.8 cd 12.9d 12.60 ¢ 667 f 730 g 767 g
' 60 122¢ 124e 1249 12.3d 655 g 666 h 678 h
&S 500 40 12.8 bc 12.9¢ 13.1¢ 12.8b 1162 d 1455 d 1565 d
S’;fk”; 60 122¢ 123e 12.6 125¢ 1068 e 1246 f 1352 f
100 40 13.1a 13.4a 13.7a 13.4a 1303 ¢ 1593 ¢ 1739 ¢
0 60 12.7¢ 1291 ¢ 13.1¢ 12.8Db 1068 e 1306 e 1490 e
0 40 32¢ 35¢e 3.4d 33cd 3890 g 3977 g 3604 h
60 3.8d 31f 30e 29e 3776 h 3844 h 3796 ¢
oK 500 40 35D 3.8 cd 3.7 bc 3.6 bc 4231 e 4350 e 4239 e
Bushgan 60 32¢ 35e 3.3d 3.2 de 4040 f 4231 f 4060 f
100 40 39a 46a 45a 34a 4468 ¢ 4760 ¢ 4625 ¢
0 60 36D 3.9 bc 39D 37D 4371d 4516 d 4450 d
0 40 13.2¢ 13.1cd 13.0ab 13.0ab 3718 f 3549 e 3518 e
o 60 12.87d 12.83 de 12.7 bc 12.6 be 3537 g 3500 e 3070 f
Le:jén 500 40 13.20 ¢ 13.1cd 13.0ab 13.0ab 6145 a 5920 b 5460 ¢
60 12.83d 127e 125¢ 125¢ 5337 ¢ 5312 d 5224 d
100 40 1370 a 1357 a 134a 13.2a 5826 ¢ 5660 c 5557 ¢
0 60 13";')0 13.20 be 13.1ab 129 5557 d 5293 d 5278 d
C abc
0 40 457a 447 a 430a 4.23a 5607 e 5500 e 5420 g
) 60 403a 3.92D 387a 377a 5423 f 5401 f 5380 h
AU el 40 460a 4.43ab 433a 420a 5841 b 5706 ¢ 5620 ¢
Ebrahim 500 60 4.00a 3.93 ab 3.83a 3.70a 5756 ¢ 5705 ¢ 5618 d
Abad 100 40 46a 4.40 ab 423a 410a 5920 a 5806 b 5718 b
0 60 44a 4.30 ab 410a 403a 5672d 5620 d 5610 e
40 23¢ 23¢ 23D 22D 5330 d 5250 d 5250 d
0 60 224 224 22¢ 21¢ 52%2 5220 d ;}SO
w92 40 25a 25a 24a 23a 5572 b 5510 b 5430 b
Jadushi 500 60 24D 23¢ 23b 22b 5239 5220 b 5130 f
100 40 2.4b 24b 2.3b 22b 5686 a 5640 a 5610 a
0 60 23¢ 224 22¢ 22D 5385 ¢ szzg 3?0

ol Lo yd B prdaw )0 5 gime BB pus oximd LS dipre job 4 S gy o (gl g giw jb )0 wlide Bg >
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 7. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil available Fe and Zn.

SB g pw S SP (%) Fe (mg/kg) Zn (mg/kg)

Soil Series (kg/ha) 40 days 80 days 120 days 360 days 40 days 80 days 120 days 360 days
0 40 3.03d 3.06 de 3.08e 3.06 de 0.51 abcd 0.53 cd 0.57 be 0.53 bed
60 296 e 3.02e 3.05e 3.0le 0.46 d 0.49d 0.54¢ 0.56 bed

Loy 500 40 3.14b 3.18 bc 3.24¢ 3.18b 0.54 ab 0.62a 0.68a 0.59 ab

Dareh Bid 60 3.08 cd 3.10d 3.15d 3.12 cd 0.48 bed 0.52 cd 0.55¢ 0.51d
1000 40 3.09 be 3.17¢ 3.28 be 3.18b 0.53 abc 0.60 ab 0.67a 0.58 abc

60 3.05 cd 3.01d 3.28d 3.13hc 0.47 cd 0.52 cd 0.56 b 0.52 cd
0 40 3.03d 3.06 de 3.08e 3.06 de 0.51 abcd 0.53 cd 0.57 be 0.53 bed
60 296¢e 3.02e 3.05e 3.0Le 0.46d 0.49d 0.54¢ 0.56 bed

Ero S 500 40 3.14b 3.18 be 3.24c¢ 3.18b 0.54 ab 0.62a 0.68a 0.59 ab

Kam Sorkh 60 3.08 cd 3.10d 3.15d 3.12cd 0.48 bed 0.52 cd 0.55¢ 0.51d
1000 40 3.09 be 3.17¢ 3.28 be 3.18b 0.53 abc 0.60 ab 0.67a 0.58 abc

60 3.05 cd 3.01d 3.28d 3.13hc 0.47 cd 0.52 cd 0.56 b 0.52 cd

0 40 7.00 d 7.31c 7.22d 7.15b 0.61 cd 0.59 cde 0.57 cde 0.56 cd

60 6.30e 6.51d 6.31e 6.21¢c 0.55¢e 0.55¢e 053¢ 0.53d

Qe 500 40 7.31bc 7.69b 7.57 be 7.33b 0.64 cd 0.62 cd 0.61 cd 0.60 ¢
Bushgan 60 6.59 e 6.67d 6.55¢ 6.30 ¢ 0.59 de 0.57 de 0.55 de 0.54 cd

1000 40 7.49b 7.89b 7.74b 7.57 ab 0.72b 0.71b 0.70 b 0.68b

60 7.08 cd 7.37¢ 7.33cd 7.30b 0.65¢ 0.63¢ 0.61c 0.59¢

0 40 6.28a 6.25a 6.19a 5.83d 0.61a 0.59a 0.51ab 0.42 ab

ok 60 5.99b 5.89 ¢ 5.82¢ 5.64e 057a 0.51ab 0.43 ab 0.36 b
Lenjan 500 40 6.27a 6.23a 6.18a 6.15a 0.59a 0.57 ab 0.52 ab 0.43a

60 6.18 ab 6.17 ab 6.15ab 6.11ab 0.57a 0.55 ab 0.45 ab 0.37b

1000 40 6.25a 6.22a 6.19a 6.07b 0.58a 0.58a 0.55a 0.47a

60 6.12b 6.10b 6.02b 5.90¢ 057a 0.51b 0.50 ab 0.37b

0 40 497a 4.89a 483a 471a 0.56a 0.54a 0.52a 0.51b

60 4.00d 393¢c 3.87¢ 3.75¢ 0.50 ab 0.47 b 0.45a 0.43a

Ul peal 500 40 472ab 4.63 ab 4.56 ab 451ab 0.55a 0.54a 051a 0.48 be
Ebrahim Abad 60 4.50 bc 4.43 ahc 4.38 abc 4.29 abc 0.51ab 0.49 ab 0.47 a 0.45 be
1000 40 4.59 abc 4.47 abc 4.31 abc 4.27 abc 0.54 a 0.53a 050 a 0.46 bc

60 424 cd 4.03¢c 3.97 be 3.84c 0.51 ab 0.49 ab 0.46 a 0.44 ¢

0 40 10la 1.00a 0.98 a 0.90 a 0.70 a 0.65 a 0.61 a 0.58 a

. 60 0.90 be 0.88 bc 0.84 cd 0.80 b 0.75a 0.66a 0.60a 0.57a
Sl 40 0.98 ab 0.95 ab 0.94 ab 0.84 ab 0.74a 0.66 a 0.62a 0.60a
Jadushi 500 60 0.79 de 0.77 de 0.76 de 0.71 cd 077a 0.65a 0.60a 058a
1000 40 0.93 be 0.92 be 0.89 be 0.80b 0.70a 0.61a 0.56a 0.55a

60 0.79 de 0.75 de 0.74 ¢ 0.71 cd 0.77a 0.60a 0.55a 0.54a

sl 8o )> B s )3 5 gime BB pis oaimd i djore job &y S gy 2 (gl g gt 2 )d lie By
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Background and Objectives: Some of the physical and chemical characteristics of the

soils of Mazandaran Province, especially clay content from north to south and lime
(calcium carbonate) content from west to east, exhibit the greatest variation (clay:
3140% and lime: 0T45%). Based on research and field results, Swingle citrumelo
(Grapefruit and Trifoliate orange) is recommended for low-lime soils; C-35 (Ruby
Blood orange and P. trifoliata), Carrizo citrange (Citrus sinensis Osb. and
Poncirus trifoliata L. Raf.), and Troyer citrange (C. sinensis and P. trifoliata L.)
are suitable for low- to medium-lime soils with light texture. Gou Tou (Citrus
aurantium L. var. Gou Tou) has relative tolerance to lime but shows chlorosis
symptoms in high and very high-lime soils. Smooth Flat Seville (Citrus spp.,
hybrid of uncertain origin) is tolerant to soil lime but shows early deterioration in
some soils. Therefore, for medium-, high-, and very high-lime soils of eastern
Mazandaran, Sour Orange (C. aurantium L.) rootstock is the only desirable and
available option for orchards, making it necessary to understand its response to the
region's soils for field guidance and management. Establishing and re-establishing
citrus orchards in the region's soils requires this knowledge. For this purpose, this
study was conducted for the first time in the country to evaluate the nutritional and
physiological responses of Citrus unshiu cv. Miyagawa on Sour Orange rootstock
in calcareous soils of eastern Mazandaran.

Methodology: According to the soil map and soil reports, seven soil samples were

selected with different textures (sandy loam to clay) and calcium carbonate (27
45%). Thirty kilograms of soil from the selected soil samples were poured into
plastic pots. Then, Citrus unshiu cv. Miyagawa seedlings on Sour Orange rootstock
were planted in each soil. The experiment was conducted for two years in pots in
a randomized complete block design with seven soils in four replications, totaling
28 pots. Plant responses included dry weight, chlorosis rate, fluorescence index
(Fv/Fm), chlorophyll, and nutrient concentrations in leaves and roots. Finally, all
the obtained data were analyzed using SPSS software, and the means of the studied
parameters were compared using Duncands multiple range test.
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Results: The results of this study showed that the physical and chemical properties of
the soil have a great influence on the nutritional and physiological responses of
Citrus unshiu cv. Miyagawa on Sour Orange rootstock. The results showed that
the highest and lowest average dry weight of aerial parts and roots were obtained
from soils with clay texture and total lime of 30% and sandy loam soils with lime
of 40%, respectively. There was a significant difference in the chlorosis rate of
the leaves of seedlings on this rootstock in different soils. The average
concentrations of Fe, Mn, and Zn in the roots were 12.48, 6.14, and 3.19 times,
respectively, higher than the average concentrations in the leaves. In general,
among the essential elements, Mg and S had the highest and lowest translocation
factors (TFs) from the root to the leaves, respectively, while active and total Fe
showed the highest and lowest TFs, respectively. The P, S, Fe, Mn, Zn, and Cu
translocation factors were less than one, indicating that these elements are less
mobile and accumulate in the roots. The leaf chlorosis index of Citrus unshiu cv.
Miyagawa on Sour Orange rootstock in soils with low and high lime did not differ
significantly. Additionally, increasing active lime did not have a significant effect
on the concentration of active Fe or the chlorosis rate of seedlings on this
rootstock.

Conclusion: According to the results of this study, Sour Orange rootstock is tolerant
to soil lime, and lime is not a limiting factor for it. Therefore, it is recommended
for calcareous soils of the eastern Mazandaran region, especially in soils with
heavy texture and high lime content. However, its use in light-textured soils and
in soils susceptible to manganese deficiency (where there is a possibility of
manganese deficiency symptoms) is not recommended, because the results of this
study showed that in these soils, its vegetative growth is severely reduced, and
soil texture (especially light textures such as sandy loam) is one of the limiting
factors for this rootstock.

Cite this article: Asadi Kangarshahi, A., Akhlaghi Amiri, N., 2025. Physiological and Nutritional Responses of Citrus unshiu
cv. Miyagawa on Sour Orange (Citrus aurantium L.) in Mazandran Calcareous Soils of Mazandaran province. Journal of Soil
Research, 39 (3), pp 321-344.
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Fig 1. Mean dry weight of shoots and roots of 6Anshu Miyagawad mandarin seedlings grafted onto sour orange
rootstock.
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Fig 2. Mean leaf chlorophyll concentration of 6Anshu Miyagawad mandarin seedlings grafted onto sour orange
rootstock.
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Table 2. Correlation coefficients between leaf chlorophyll and selected soil properties in 6éAnshu Miyagawad
mandarin seedlings grafted onto sour orange rootstock.
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Table 3. Correlation coefficients between chlorophyll and nutrient concentrations in the leaves of 6Anshu Miyagawad
mandarin seedlings grafted onto sour orange rootstock.

(w2 y5) Sy 55 G o gy polis Clale

Leaf macronutrient concentrations (%)

358 oS’ MG 2 juie oy Y 0395 S 5 Judo IS
S Ca K P N ) "
-0.70 -0.14 013 0.08 022 -0.34 (05 3 25 Jee)
(p 595 13 0.5 ho) St 33 o o5 polic il Leaf chlovophy!l
Leaf micronutrient concentrations (mg/kg) (mg/kg)
o &) e Ju nl onl
Cu Zn Mn Active Fe Fe
-0.04 -0.54 0.43 0.34 -0.24
a5l iyl yasls S T S 5 el i3l (FVIFM) iyl s L5

ol 1zl (el ol byl (aliél b Lol ayl e
i ol sl b e (Rl 5 GRl31 et yold
iz sl Sy 5wl )b ks gllae udg kS
oxmd L 1y o] 51 2eS slacl g cunl +/VY dgus bawgio yobas
5500 o 55155 e« wl i3 )y i g
Sl e dadg S i ysld as Ll cwlio dae o g
oS dlael g K163, 355 +JAY dgas LS sladisS yiiw

el o LS o1 5 L5 sevg o m gL 1) o ]
o3l UaliS ol el ¢(Belkhodja et al., 1994)
b g3l S5 sl Jag 3 (S0 S gl i ol
i pgl Gt (b g g Sy sSE p b 4l
o o el ded o ol &8 as il Cgllae s 3l e
391 )10y98 0 6y 85 51 ST
chle 5 SB slaShy (Hp (Simed o) @l
548 b Gt sl el b Sy glis ol
T o S ol B ] by o 5 sla g
035 by e Sisan i S U ST 5
i a IS Sl g s (o o 5 i b s 518
Sy p0 oS 5 pand 0l Ll e (Siwsod (p yiliy
0aLB by e g Cute (Niad (i o5 & 35
(09 ¥ sladgin) waidls Sy i )old

ol b Sk p dlite sl SB Sl b

S 2 Gl @)l b b ol (S6U dg)lS (i yols
s et 5 S5 s et i S 5 LUl
b s SB oy blie jo bl Jadg IS i w)old
S ) 392 s jold GBS (3508 9 KA (g (2 p5eS
Sl o b a3l Sy o diiplS i ol Sl (7
i )9 ps g Sl (g gid olRiid 3 Shos o
(5 bl Cod g )l ugSa dlasly Jiwgid b Jidg)lS
(557! o3k 5 Wl el ) (LS sl cdl o b 5 sy
G5 Aol ol 2 )lge (B 3 a2 ST 0 SIS
Bye (alFl) (il CBge jobody Cunl (Son (puias yold i
o o U5 SG o)l Lol (Gutes yold a3 L

3 o 55 5gd) (5551 W g e s ol
Bly 5NN &S ol cnl )l 3929 (e IS (puius yold a5
LS o o Alisee glo s )3 1y Jidg S iyl Sl
ol s (elwl y oIl ¢(Salisbury and Ross, 1992)
2ot S g b (nl > J8g)lS (uivw)old (2SS (3uiS
@5 L oS 358 0 )5 SB o Shy b cos ()l e
casllas (Y4IY) o, 5 Asadi Kangarshahi sla sl
s 5 I oS e i i 535 IS S
gl S ik 5 s oSl g8 s
L og )b dgng (o)b dme bl lSpe s, S8yl



YRYIY oylads [ T4 il | S slo g}y (soke 4y

0.9 -
a
0.8 4 b b b
« < Cc
.—i 071 P e
8EF
@ S L J
i § 0.5 -
T
0.4 A
0.3 4
1 2 3 4 5 6 7
Soil S

50 4l L 19 e 9l (5,6 s S 2 (uiww j9ld (ad L (il -V US
Fig 3. A Mean leaf fluorescence index of 6Anshu Miyagawad mandarin seedlings grafted onto sour orange rootstock.
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Table 4. Correlation coefficients between the leaf chlorophyll fluorescence index (Fv/Fm) and selected soil properties
in 0Anshu Miyagawad mandarin seedlings grafted onto sour orange rootstock.

ST emss Jld Saf Saf o Sl o)
Organic carbon Active lime lime sand silt clay
%30 >
055 031 -0.14 -0.49 -0.22 050 iy gk yad L
- p o Fluorescence index
Zn Mn 35 Fe oy K by P yhud pH
&9 I o® ey (Fv/Fm)
MY/Kg p)S5ks 5o 5 e
-0.09 0.046 0.66 0.67 0.09 0.03

50 Al U198 he guid! (S0,U s JLs Sy g0 olié polie CBIE L (FVFM) (pwinr jald (b LS Sinod o oo -0 Jgua
Table 5. Correlation coefficients between the chlorophyll fluorescence index (Fv/Fm) and nutrient concentrations in
the leaves of 6Anshu Miyagawad mandarin seedlings grafted onto sour orange rootstock.
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Fig 4. Mean leaf chlorosis degree of 6Anshu Miyagawad mandarin seedlings grafted onto sour orange rootstock.
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Fig 5. Leaf chlorosis symptoms of Citrus unshiu cv. Miyagawa seedlings on Sour Orange rootstock in calcareous
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Fig 6. Relationship between active soil lime and leaf available iron concentration in 6Anshud mandarin grafted onto
sour orange rootstock.
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Table 6. Mean macronutrient concentrations (percentage of dry weight) in the leaves of 6Anshud mandarin seedlings
(sour orange rootstock) across seven different soils.
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Table 6. Mean macronutrient concentrations (percentage of dry weight) in the roots of 6Anshud mandarin seedlings
(sour orange rootstock) across seven different soils.
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Fig 7. Mean translocation coefficient of macronutrients from roots to shoots in 6Anshu Miyagawad mandarin
seedlings grafted onto sour orange rootstock.
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Table 8. Mean micronutrient concentrations (mg kgu! dry weight) in the leaves of 6Anshud mandarin seedlings (sour
orange rootstock) across seven different soils.
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Table 9. Mean concentrations of micronutrients (mg kgw! dry weight) in the roots of 6Anshub seedlings (Citrus junos
rootstock) grown in seven different soils.
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* The averages for each column that have the same letters are not significantly different from each other at the 5% probability level.
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Fig 8. Mean translocation factors (TF) of micronutrients from roots to shoot in 6Anshu Miyagawad mandarin
seedlings (Citrus junos rootstock).
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Background and Objectives: Leonardites display considerable diversity in their structural and

chemical properties, and a more detailed understanding of these characteristics can greatly
contribute to a better appreciation of their potential applications in agriculture. Leonardite
is a naturally oxidized mineral derived from lignite, distinguished by its high oxygen content
and elevated levels of humic acids (40780%), and is recognized as a primary source for
humic acid (HA) extraction. The chemical structure of humic acid consists of aliphatic and
aromatic chains bearing various functional groups, notably carboxyl and phenolic groups.
These functional groups enable humic acid to interact effectively with metal ions and
organic compounds, thereby enhancing the chemical and biological properties of soil. There
is limited information regarding the chemical composition and humic acid extraction
potential of leonardite deposits from the Pabdana area (Zarand) as well as the waste
materials from the Zarand coal-washing plant. The present study was conducted to
thoroughly investigate these resources with the aim of identifying indigenous potentials for
the production of humic substances

Methodology: A total of 16 samples, including 13 leonardite; L1TL13 were collected from the

Goltoot coal mine, and 3 coal-washing waste samples; C1TC3 were collected from Zarand
coal washing factory. Fresh samples were air-dried, and their pH and electrical conductivity
(EC) were measured in a 1:20 solid-to-liquid ratio (w/w). Humic acid extraction followed
California Department of Food and Consumer Protection method (CDFA Method)
California method. Briefly, 10 g of sample (<75 em) was mixed with 0.1 M NaOH, agitated
for 24 hours, filtered, acidified to pH 172, washed, and subsequently dried. The percentage
of extracted HA was calculated as: (weight of extracted HA / weight of initial sample) x
100. An UV-Vis spectrophotometer was used to determine structural characteristic
including E4/E6, E3/E5, and E2/E3. Based on results, 6 samples (C1, L1, L5, L7, L10, and
L13) were selected for further evaluation. Humic acid was extracted from selected samples
and their elemental CHNS analysis, pH, EC and FTIR spectroscopy (40074000 cma 1) were
investigated.
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Results: The results revealed the differences among the initial samples in terms of humic acid
extraction yield. The highest humic acid contents were recorded in samples L1 (64.6%), L2
(60.05%), L10 (60.07%), and L11 (62.35%). The E4/E6 ratio of C1 and L13 (0.12 and 0.58)
exhibited more aromatical structures, whereas samples L3 and L6, with ratios of 3.93 and
3.88 displayed predominantly aliphatic structure. The E3/E5 ratio results showed that the
highest value (5.07) was observed in sample L11, while the lowest value (0.78) was
measured in sample L9. The pH of extracted HA varied from 1.50 (L6) to 7.10 (L9), and
EC varied from 63 in C3 to 1035 €S.cm™ in L6. The CHNS elemental analysis revealed that
there is considerable variability in the C, H, O, N content of extracted HA from leonardite
and coal washing waste. The infrared spectroscopy results indicated the presence of
aromatic rings, aliphatic chains, and several key functional groups®including phenolic
hydroxyl, carboxyl, and carbonyl &in the extracted humic acid.

Conclusion: In conclusion, leonardites from the Pabedana region, particularly samples L1, L2,
L10, and L11, constitute promising sources for humic acid extraction, characterized by high
yields and diverse chemical properties that support their application in sustainable
agricultural practices.

Cite this article: Ahesteh, R., Hejazi Mehrizi, M., Boroomand, N., Sarcheshmehpour, M., and Fekri, M., 2025. Chemical and
Structural Properties of Humic Acid from Leonardites in Kerman Mines. Journal of Soil Research, 39 (3), pp 345-359.
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Table 1. pH and EC of leonardite and coal-washing waste samples

diged (eSlem) (S S Colan PRIV
Sample EC (eS/cm) pH
& 413 8.38
& 639 7.42
& 732 7.58
/ 784 6.0
/ 530 341
/ 245 6.32
/ 233 5.45
/: 320 259
/ 236 511
/ 261 7.67
/ 1031 424
/ 513 7.11
/ 225 5.81
/ 304 6.57
/ 319 73
/ 215 7.67
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Table 2. Humic acid extraction percentage and spectroscopic ratios of the extracted humic acid selected
leonardite and coal-washing waste samples

Lrdiges () Soged sl o150 E4/E6 E3/E5 E2/E3

Sample Humic acid content (%)
C3 20.55 1.28 1.17 0.07
C2 47.11 1.70 1.71 0.064
C1l 19.11 0.12 0.99 0.069
L1 64.61 3.28 2.74 0.043
L2 60.05 114 1.01 0.083
L3 23.43 3.93 3.78 0.004
L4 50.02 2.96 4.52 0.014
L5 45.26 1.01 1.22 0.053
L6 30.02 3.88 3.72 0.004
L7 15.56 1.93 0.91 0.084
L8 38.81 0.85 0.98 0.071
L9 25.45 0.71 0.78 0.058
L10 60.07 2.87 2.61 0.011
L11 62.35 2/6 5.07 0.014
L12 24.03 2 0.82 0.084
L13 46.06 0.58 0.99 0.057
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Table 3. Elemental composition, pH, and EC of the extracted humic acid from selected leonardite and coal-washing
waste samples

Srdige Ko
e Spogr OIS 039258 3578 oSl N o mic pu  ECHS.em-
Selected Humic Nitrogen  Carbon Hydrogen Sulfur  Oxygen D
examples acid
%

C1 19.11 21 35.29 2.30 0 6040 2049 128 078 6.46 458
L1 64.61 2.18 72.22 4.34 0 2126 3864 022 072 6.61 372
L5 45.26 2.35 56.44 3.70 3.34 3417 2801 045 079 6.59 252
L7 15.56 221 57.06 3.52 0 3721 3012 049 074 6.13 539
L10 60.07 2.15 52.94 2.89 0 42.02 2872 059 066 215 458
L13 46.06 1.97 35.33 2.43 0 60.27 2092 127 083 645 491
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Figure 2. FTIR spectra of the humic acid extracted from leonardite and coal-washing waste samples. L1, L5, L7,
L10, and L13 as selected leonardite samples, and C1 as the one-month coal-washing waste sample
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anthropogenic driver altering soil quality and ecosystem functions, particularly in
semi-arid environments. The conversion of natural or unused lands to agricultural
systems often induces significant transformations in the physical, chemical, and
biological attributes of soils. In Iran, especially in the northern semi-arid zones,
such changes have accelerated due to agricultural expansion, yet region-specific
studies remain limited. The present study was designed to evaluate the impact of
converting bare lands into olive orchards on key soil properties in Lushan, a
representative semi-arid region in Guilan Province. Understanding how these
changes affect soil functionality is essential for sustainable land management and
ecological restoration.

Methodology: The study area is located in the Lushan district of Guilan Province,

encompassing approximately 300 hectares and characterized by semi-arid
climatic conditions with an average annual precipitation of 273 mm. Two distinct
land uses (bare land and olive orchard) were selected for soil sampling.
Composite soil samples were collected from each land use type at a depth of OT
30 cm, with 12 replicates per treatment. Physical properties such as texture, bulk
density, and dispersible clay were measured using standard methods. Chemical
properties including soil organic carbon (SOC), total nitrogen (TN), available
phosphorus (Pav.), available potassium (Kavw,), calcium (Ca), magnesium (Mg),
pH, electrical conductivity (EC), and cation exchange capacity (CEC), were
analyzed. Biological indicators such as basal respiration and microbial quotient
were also assessed. Data were statistically analyzed using ANOVA and Duncands
multiple range test at p < 0.01 significance level.

Results and Discussion: The findings revealed that land use conversion significantly

influenced most soil parameters. SOC increased by 2.82-fold in olive orchards
compared to bare land. Total nitrogen rose by 2.86 times, respectively, while Pay,
improved by 18.42% in olive orchards. Available Kaa, particularly in olive
orchards, reached 105.26 mg/kg, 6.7 times higher than in bare soils. CEC
increased by 7.48% in olive orchards, reflecting improved nutrient retention. EC
levels rose by approximately 15% in agricultural soils, while pH declined from
8.42 in bare soils to 8.30 in olive orchard soils, indicating enhanced acid-neutral
buffering and potential improvement in micronutrient availability. In terms of
physical characteristics, bulk density was reduced by 5.19% in olive orchards,
enhancing soil aeration and root growth potential. Dispersible clay content
decreased by 25.18%, indicating greater soil structural stability and reduced
erosion risk. Biologically, basal respiration increased significantly, with values of
0.540 mg COF gut in olive orchards, compared to 0.283 mg COF gut in bare soils.
This reflects heightened microbial activity and improved organic matter turnover
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in cultivated soils. These results confirm that the adoption of agricultural land
uses under managed conditions can lead to substantial improvements in soil
health by enhancing organic matter content, nutrient cycling, microbial function,
and structural stability.

Conclusion: The conversion of bare lands to olive orchards under the semi-arid
conditions of Guilan Province significantly enhanced soil physical, chemical, and
biological properties. Improvements in SOC, nitrogen, phosphorus, potassium,
and microbial activity suggest that such land use transformations, if well-
managed, can contribute to restoring soil functionality and increasing sustainable
productivity. However, monitoring potential issues, such as salinity buildup and
nutrient leaching, remains essential. These findings underscore the importance of
land use planning and adaptive soil management in semi-arid agroecosystems.
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Fig 1. The study area located in the Rudbar County region of Guilan Province
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Fig 2. Quantitative distribution of selected chemical properties in olive orchard and barren soils. In the box plots, the
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whiskers show the minimum and maximum values.
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Fig 3. Quantitative distribution of selected chemical properties in olive orchard and barren soils. In the box plots, the

line inside the box represents the median, the edges of the box indicate the first (Q1) and third (Qs) quartiles, and the
whiskers show the minimum and maximum values
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Table 2. Comparison of the mean physical properties of soil under different land-use types
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Fig 4. Quantitative distribution of selected physical properties in olive orchard and barren soils. In the box plots, the

line inside the box represents the median, the edges of the box indicate the first (Q1) and third (Qs) quartiles, and the
whiskers show the minimum and maximum values.
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Table 3. Comparison of the mean biological properties of soil under different land-use types

‘@.9;% ol 5295w w3 6,
Microbial quotient Microbial respiration (mgCO, Lan (i-Use
(%) 20> .g-'dm.24h")
1.93° 0.54° o &b
Olive Orchard
1.95? 0.28" b
Bare
055 Eb & )8 i Sl 5 Ok Jo )y
-1.00 +90.81

Percentage change resulting from land-use conversion
to olive orchard

(P <0.01) k)l (gl gime AWM ¢ygiw jb 1> S o s Bgy> gl sl Sho

Means with different letters within each column are significantly different (P < 0.01).

oS « SB Slard 9 (S5 Sluo g s o Jleis]
@l SB I S 5 Gl 4 ) g 90 0 0 SB
SB > 09550 0395 5 1S 0 0dla ol 05 S culled
el I opsS 5l b s wgla e cla o p)S
&S Cunl cpl odimd L 59,Sue Caund gyl Sooc,leay
€9 2 Sl b (o () 2 ) ey See wr
J,g Y )‘\ -\*55«* 4 |) dal,{)' ub».u ) dﬁ)lf
Loy wibo u.lam ]a.:l).w 9 WJB] LY U‘?JUA i 0 k))] Jb‘
955 Callsd e g B 8L oS )8 o)Ll b g
9 UT Ly])_w L leéb.>l.: B Ltbd).s)lf L)”I 41».:17:)1 )1 ..\J)I.)
o oSy o byl g w8l cilonds by LS5 olsa
Dyl oS il i (6 )l8 93y o 1y 09,0 cullad Wiy
o S L oSlosl 1 9 3138 o 5l 5,0 clld
slp Gl Slgie )l (aag BB Cglis ) 9> o
LSL_M:‘) 30 0 (8 Oladllas ik u"f)g“'ﬁ Comndd d).gl).g

hlSen o Yan Mo ol o Sosnl e does ol 4
(295550 035 ) 2 (0 S5 i Bl gy 4 (V4YY)
oy Gl gl iy e Jled 0 SB 19,80 G g
) Gloonej b osdlay (65)5lis (Ll 5 (29,500 o
lisee sl o )5 5o ol Jlade g o il g8 BB Coles

D9 lul W

(529540 Camd

e o el ] Sl pSilhe Aumlie gl
ol aldio (90 8L 5 b s )l 3 (29,5 Cans
foN Jleinl pdaws )3 (gl gme ©glds g (VA B Y/AY 3905)
&S o i gl cpl (Y Jodn) 2,0 259 Laaoi O
(519,50 035z ()5 Connd 2 (lodas p3B 68 oS
5 (0D) US5 3 oas &l gl s S S T o @
b 9 20> (o NS (1505 EL 9 2k 62,892 O
s 4 o] o8 Camlis 5 a3 L3 pl syl Solo o s
ol Sdole b soolisS (64,8
O st Olgie dn Yoaro (0950 Sy
S T oS sy (b slo o) ST g S
dge jl sy d> 45 dmd o L3 Gl ) gud o iy yaS
bowg goeadd ) slanlp 3t cos S I
et Dl Al Sl 50n Coped IS (2022
S 5 0005 65 i gl 5ty S ol
S > Glyusd 0939 pis (Mganga et al., 2024) >4, o
(b cmej 9 095 1) )8 92 53 (2955 Cud jlado >
@ (29,50 logn Caud alde (09)See Culld gao 4
Coglis 939l 45 Cuw Lixe oty oyl 1 S JI oS




YYVIY o)los [ YA als | S b gy oolde & i

0.9
0.8
0.7

0.6
0.5 B oo FL
0.4

B

0.3 e
0.2 '
0.1

BR (mgCO;. g-'dm . 24 bY

400
350
300

250 (.'L"
o —tt] —
150 J

100
50

MO (%)

Cad (!l Lodld dilwe ;Sibles dibe ks O WSU 45 . 1)l 5 (195 EL S O Juwj Olwogad (A o5 22595 -0 S
ad o0 s 1y dlie JSlas o Blas wSL 51z, slaks o caiwd (Qs) paw Syl 9 (Q) Jgl Syl smidd L5 sy
Fig 5. Quantitative distribution of selected biological properties in olive orchard and barren soils. In the box plots, the

line inside the box represents the median, the edges of the box indicate the first (Q1) and third (Qs) quartiles, and the
whiskers show the minimum and maximum values
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