
Frontiers in Ecology and Evolution 01 frontiersin.org

Role of different organic and 
inorganic amendments in the 
biofortification of iodine in 
Coriandrum sativum crop
Yan Tianyi 1*, Ambar Farooq 2, Muhammad Mohiuddin 3*, 
Asma Farooq 4, Norela C. T. Gonzalez 5, Asim Abbasi 6, Aiman Hina 7 
and Muhammad Irshad 8

1 Information Technology Academy, Hunan Biological and Electromechanical Polytechnic, Changsha, 
Hunan, China, 2 College of Material Engineering, Fujian Agriculture and Forestry University, Fuzhou, 
Fujian, China, 3 Environmental Management Consultant (EMC) Pvt Ltd, Islamabad, Pakistan, 
4 Department of Zoology, Government College University Faisalabad, Faisalabad, Pakistan, 5 College of 
Overseas Education, Fujian Agriculture and Forestry University, Fuzhou, Fujian, China, 6 Department of 
Environmental Sciences, Kohsar University Murree, Murree, Pakistan, 7 Department of Botany, Kohsar 
University Murree, Murree, Pakistan, 8 Department of Environmental Sciences, COMSATS University 
Islamabad - Abbottabad Campus, Abbottabad, Pakistan

Iodine deficiency disorder (IDDs) is one of the most prevailing and common health 
issues in mountainous communities. An effective way to control the prevalence 
and emergence of IDDs in remote areas is to use iodized salt. However, recent 
studies indicated that iodized salt is mostly lost during the cooking process. The 
current study of iodine biofortification differed from the previous studies in two 
main aspects: it involved exogenous organic iodine (OI), and inorganic iodine 
such as potassium iodide (KI), added in the amended soils, which previous studies 
did not consider. Moreover, the translocation, transformation, and distribution of 
iodine from soil to plants are poorly understood in amended soil. Thus, identifying 
an effective management option to enhance iodine (I) bioavailability in nutrient-
deficient soils is currently a significant challenge. Therefore, a greenhouse 
study was conducted to investigate the effects of organic and inorganic soil 
amendments on the uptake of different iodine sources in coriander crops. Results 
showed that applying an inorganic iodine source significantly enhanced the 
iodine edible part of the crop compared to the control (p < 0.05). The application 
of soil amendments relatively improved iodine uptake by the coriander crop 
compared to the control. The highest iodine was found in crop tissues grown in 
wood ash-amended soil supplemented with KI (291.97 μg kg−1). The KI uptake was 
significantly higher than the OI (p < 0.05). Compared to OI, a higher translocation 
factor (0.96) and distribution coefficient (3.51) were found for plants treated with 
KI. Thus, this study indicates that a suitable soil amendment can be a better option 
for iodine biofortification and that it can serve as an alternative to iodized salt in 
preventing IDDs.
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1. Introduction

Iodine (I) is an essential constituent of thyroid hormones and 
critical for the metabolism and normal functioning of the human 
body (Ujowundu et al., 2011). Iodine deficiency disorders (IDDs) are 
prevalent in many countries worldwide, affecting between 80 million 
to 2 billion people around the globe (Dasgupta et al., 2008; Szybinski 
et al., 2010). The deficiency symptoms can lead to endemic goiter, 
cretinism, and fetal abnormalities (Smoleń et al., 2016; Ligowe et al., 
2021). The recommended daily allowance (RDA) of iodine for adults 
is µg d-1 with a tolerable upper limit of  µg d-1 (WHO, 2007a,b; Patrick, 
2008). I deficiency has increased more than fourfold over the past few 
years (Szybinski et al., 2010; Verduzco-Gallo et al., 2014; Lawson et al., 
2015; Zia et al., 2015).

The most common method for mitigating I  deficiency is 
iodized salt, a common supplement used to eliminate iodine 
deficiency (Vejbjerg et al., 2007). Despite the broad application of 
iodized salt, pathological symptoms related to inadequate I intake 
are diagnosed in about 38% of the world’s population (De Benoist 
et  al., 2008; White and Broadley, 2009). This is because the 
concentration of I in salt is highly variable and dependent on the 
level of iodization (Kalimbira et al., 2005). Losses of up to 20% can 
occur during production, processing, packaging, and 
transportation while cooking processes can contribute to an 
additional loss of 20% (Winger et al., 2008; Lawson et al., 2015). 
Adults are also advised to lower their daily salt intake to reduce 
risks of kidney damage and cardiovascular diseases (Piccone, 2011; 
Zimmermann, 2011).

One way to counter IDD is the optimization of I  into the edible 
portion of crops through different crop and soil management strategies 
(Chilimba et al., 2012; Manzeke et al., 2014). Among these management 
approaches, biofortification emerged as a practical crop-based approach 
dealing effectively with mineral malnutrition by enriching crops and food 
products with bioavailable micronutrients (Lawson et al., 2015). Iodine 
uptake via edible crops has been reported as a cost-effective measure to 
combat IDDs in humans (Zhu et al., 2003). Crop plants can increase 
iodine absorption and accumulation in their edible parts when subjected 
to exogenous applications of different iodine sources (Comandini et al., 
2013; Weng et al., 2014). Tonacchera et al. (2013) reported a noticeable 
increase of iodine in the urine samples of people who consumed 
biofortified vegetables. Moreover, 80% of the iodine in human and animal 
bodies was derived from the edible part of the crop/vegetable under 
natural conditions (Welch and Graham, 2005). In contrast, the 
bioavailability of iodine from food sources can easily be enhanced by up 
to 99% (Weng et al., 2014).

Soil geochemistry plays a vital role in iodine retention and 
conversion, as it primarily depends on the transfer of iodine from the 
atmosphere via precipitation. Scientists are interested in studying this 
atmospheric transport of iodine and the soil’s ability to absorb it. 
Moreover, soils of mountainous areas are more prone to iodine 
deficiency due to topographical and soil characteristics (Von 
Oettingen et al., 2017). Edible crops grown in iodine-deficient soils are 
usually low in iodine concentration, and humans and animals 
consuming those crops face multiple IDDs. Plants can uptake and 
translocate the organic and inorganic iodine species (iodide and 
iodate) from the soil (Takeda et  al., 2019). Applying iodine-rich 
organic (alfalfa, dulse) or inorganic (potassium iodide-KI) sources 
may enhance the concentration and retention of iodine in the soil.

Coriander (Coriandrum sativum L.) is a culinary, herbal, and 
medicinal plant of the Apiaceae family and is an important spice crop 
(Mandal and Mandal, 2015). It is commonly used as an ingredient in 
daily food preparation (Fahad et al., 2020). Coriander is primarily 
grown in Pakistan, Bangladesh, India, Russia, Morocco, Central 
Europe, and China (Sahib et al., 2013). Different parts of the plant are 
associated with various health and biological activities. Coriander has 
been used remedially for several gastrointestinal disorders (Sahib 
et al., 2013). Seeds of the coriander plant are used in several food items 
(Bhuiyan et al., 2009; Anwar et al., 2011). It has been reported that the 
concentration of iodine in edible parts of fresh coriander may reach a 
level of 2.28 mg kg−1 (Weng et al., 2013).

Previous studies analyzed the fate, accumulation, and 
transformation of iodine as a function of various organic and 
inorganic treatments for crops (Zhu et al., 2003). However, research 
reports on the uptake of iodine by edible crops have been poorly 
documented. Moreover, the bioavailability of iodine from soils after 
applying the selected amendment has not been well established. 
Therefore, the objective of this study was to investigate iodine uptake 
by coriander (Coriandrum sativum L.) applied with organic and 
inorganic forms of iodine after adding soil amendments, namely, 
sawdust, rice husk, charcoal, wood ash, and gypsum.

2. Materials and methods

2.1. Preparation of iodine fertilizer

In the current study, two exogenous iodine sources were used to 
evaluate their bioavailability to plants grown in amended soils. One 
source was an inorganic conventional iodine source, i.e., potassium 
iodide (KI), and the second was derived from seaweed and was 
organic in nature. The organic source of iodine was extracted from 
alfalfa (Medicago sativa) and dulse (Rhodymenia palmata) and was 
purchased commercially. According to Hou et al. (1997), the seaweeds 
contained 2–3% water-soluble iodine.

2.2. Experimental site and greenhouse 
experiment

The experiment was carried out from April to June 2020, in a 
350 m2 (7 × 50 m) greenhouse, at the Commission on Science and 
Technology for Sustainable Development in the South (COMSATS) 
University Islamabad, Abbottabad (34°11′57.19″N, 73°14′50.36″E). 
The greenhouse had a bow-roof shed design structure covered with 
100 μm thick transparent polyethylene film. The air temperature 
ranged between 30.7 and 38.4°C, while the humidity was between 21 
and 28%.

2.3. Chemical analysis of soil and 
greenhouse experiments

The soil used in the experiments was collected from the old 
vegetable production area of the Abbottabad district. The soil was 
sieved through a 3 mm mesh sieve, and its main agrochemical 
properties are listed in (Table 1). The methods for soil analysis have 
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been reported previously (Mohiuddin et al., 2019a). The soil was 
sieved through a 3 mm sieve and packed into a pot. The soil had a 
background iodine level of 0.6 mg kg−1. Vegetables planted without 
iodine were used as control groups for comparison. Sawdust, rice 
husk, charcoal, wood ash, and gypsum were applied to the soil as 
amendments at the rate of 10 t ha−1 (based on 2 million kg soil per 
plow layer in ha). Amendments were mixed in the column’s topsoil 
(0–20 cm). Iodine was applied using an inorganic form, i.e., potassium 
iodide (KI), and an organic source.

The organic source of iodine [extracted from alfalfa (Medicago 
sativa) and dulse (Rhodymenia palmata)] was commercially purchased 
and applied to the soil. The iodine sources were fertilized in the soil at 
50 mg kg−1. I dose of more than 50 mg kg−1 was reported as phytotoxic 
by Humphrey et al. (2019). The experiment was a factorial (6 × 2) (6 
soil amendments × 2 sources of iodine) resulting in 12 experimental 
units and arranged into a randomized complete block design (RCBD) 
replicated three times under greenhouse conditions. The base fertilizer 
was applied, and the soil moisture was maintained at 50% of the 
maximum field water capacity. During the experimental period, 
deionized water was added regularly to keep the moisture stable. Seeds 
of coriander were germinated on wet filters for 2 days in the dark at 

25°C after sterilization. To develop seedlings, the germinated seeds 
were subsequently transferred into quartz sand and cultivated on a 
nutritional solution (Table  2). After 8 weeks of development, the 
seedlings were transferred into pots with a homogeneous growth 
condition. Each treatment was performed in triplicates. Vegetable 
tissues from the root, stem, leaf, and fruit were separately collected 
after harvest. They were then dried with absorbent paper after being 
washed with deionized water. The fresh weight of each part was 
measured before slicing it into smaller pieces. These were then dried 
at 50°C, and pulverized in a stainless steel mill. The tissue samples 
were homogenized after sieving through a 60-mesh sieve and then 
kept at 4°C until analysis.

2.4. Iodine determination

Iodine in soil and plant was measured by methods used by Kesari 
et al. (1998). For the experiment, 0.5 g of sieved soil r was mixed with 
15 ml of deionized water, shaken for 30 min, and filtered via filter 
paper Whatman 42. The filtrate was centrifuged for 15 min at 
5000 rpm, and the supernatant was taken. Then, 1 ml of 5% EDTA 
solution and 0.5 ml of bromine water were added to the supernatant 
and mixed thoroughly. Formic acid was added drop by drop to remove 
excess brominated water. Then, 1 ml of 0.1% KI and 1 ml of leuco 
violet crystal solution were added. The pH of the solution was kept 
between 4.4–5.4 by using 0.5 M NaOH and formic acid. The mixture 
was diluted to 25 ml and left for 30 min for color development. Iodine 
contents were determined calorimetrically using a UV 
spectrophotometer (Model: LI-UV-7000) at 591 nm. For plant 
samples, a similar abovementioned procedure was adopted. All the 
chemicals used in the current study were analytical grade and 
purchased from Sigma Aldrich.

2.5. Nutritional analysis of plant leaves and 
shoots

A subsample from each plot was secured to analyze zinc (Zn), iron 
(Fe), phosphorous (P), calcium (Ca), magnesium (Mg), sodium (Na), 
and potassium (K) content. Shoot samples were washed rapidly with 
tap water and deionized water and then dried at approximately 45°C 
in a forced-draft oven to constant weight. The dried grains were 
ground to fine flour using an agate mill (Pulverisette 9, Fritsch GmbH, 
Germany) and digested with HNO3 + H2O2 in a microwave digester. 
Ca, Mg, Na, K, Fe, and Zn were analyzed through atomic absorptive 
(AAS-), while P was determined using the blue method via UV 
spectrophotometer (Model: LI-UV-7000) at 700 nm.

2.6. Data analysis

The iodine concentrations in leaves and roots were calculated on 
a fresh weight basis. The transfer factor was calculated by using 
Equation (1):

TF
Iodine concentration in shoot kg

Iodine concentrati
=

( )−µg 1

oon in soil kgµg −( )1
(1).

TABLE 1 Properties of soil used for the study.

Parameters Value

Sand (%) 75.6

Silt (%) 16.6

Clay (%) 7.8

Texture Sandy loam

C (g kg−1) 21.6

Moisture (%) 18.2

Iodine (mg kg−1) 0.34

Exch. Ca (mg kg−1) 76.3

Exch. Mg (mg kg−1) 56.7

Exch. K (mg kg−1) 156.0

Exch. Na (mg kg−1) 35.6

CEC (mg kg−1) 324.6

EC (1:5) (uS m−1) 125

pH (1:5) 7.6

TABLE 2 Chemical composition of nutrient solution.

Macronutrient (mM) Concentration (μM)

KNO3 6

Ca (NO3)2 3.5

KH2PO4 1.33

MgSO4 7H2O 0.5

NaCl 0.48

H3BO3 10

MnSO4 H2O 0.5

ZnSO4 7H2O 0.5

CuSO4 5H2O 0.2
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Whereas the distribution constant was determined by using 
Equation (2):

DC
Iodine concentration in shoot kg

Iodine concentrati
=

( )−µg 1

oon in root kgµg −( )1
(2).

Effects of different treatments on the dependent iodine uptake, 
biomass production, and mineral composition were determined using 
two-way ANOVA at 0.05 level of least significant difference (LSD) 
SPSS. Figures were prepared using the ORIGIN software version 2020.

3. Results

3.1. Dry biomass

The application of amendments had a significant effect on both 
shoot and root biomass irrespective of the iodine treatments (p < 0.05) 
(Figure 1). The application of wood ash amended soil fertigated with 
KI treatment significantly increased the shoot (40.3 g m−2) and root 
biomass (12.1 g m−2) (p < 0.05). Soil amendments differed for coriander 
biomass (shoot) in the order of wood ash (52.4 g m−2) > charcoal 
(50.8 g m−2) > sawdust (47.4 g m−2) > gypsum (45.1 g m−2) > rice husk 
(42.5 g m−2). The coriander biomass was enhanced by 42% in the wood 
ash mixed soil supplemented with KI salt compared to the sole control.

3.2. Iodine uptake

Iodine accumulation in roots of coriander plants significantly varied 
(p ≤ 0.005) among iodine sources (IS) (F = 1688.38, p = 0.01), and soil 
amendments (SA) (F = 5589.72, p < 0.01) (Table 3). A significantly higher 
I concentration was found in the roots of coriander plants that were 
grown in gypsum-amended soil fertigated with organic iodine 
(240.4 ± 1.29 μg kg−1). However, the lowest iodine content in the roots was 
found in a plant grown in control settings (without amendment) 
fertigated with the organic iodine (OI) (26.89 ± 1.17 μg kg−1). All plants 

grown in amended soils retained significantly higher iodine content 
irrespective of the source compared to respective controls. All the 
possible interactions between IS × SA had a significant effect (F = 1196.34, 
p ≤ 0.005) on iodine uptake by the coriander grown in amended soil. The 
interactive effect of IS × SA revealed that the KI treatments significantly 
differed (p ≤ 0.05) from OI regarding iodine uptake in the roots of the 
coriander plant (Figure  1). Maximum iodine was accumulated 
(230 μg kg−1) in roots of coriander grown in gypsum-amended soil 
fertigated with KI when compared with the control (Figure 2).

3.3. Iodine uptake by shoot

Coriander is usually utilized as a fresh shoot. Iodine accumulation in 
shoots of coriander plants significantly varied (p ≤ 0.005) among I sources 
(IS) (F = 1246.32, p = 0.01) and soil amendments (SA) (F = 5023.77, 
p < 0.01) (Table 3). A significantly higher I concentration was found in 
coriander plant shoots grown in wood ash-amended soil fertigated with 
KI (291.97 ± 1.5 μg kg−1). The combination IS × SA revealed a significant 
effect on the biofortification of iodine in the shoot (F = 476.94, p < 0.01) 
(Table 4). Iodine uptake by plants may be associated with soil properties 
that have modified the coriander’s chemical composition and growth 
after applying soil amendments. The incorporation of wood ash showed 
a remarkable increase in iodine concentration in plants over control. 
Iodine concentration in the plant shoot was significantly higher with KI 
grown in wood ash amended soil (291.97 μg kg−1), while the lowest iodine 
was retained by a plant grown in gypsum amended soil fertigated 
irrespective of the source of iodine (134.65 μg kg−1) (Figure 2). The iodine 
retention in soil fertigated with KI differed as wood ash (291.97 μg kg−1) 
> rice hulk (237.66 μg kg−1) > sawdust (217.10 μg kg−1) > charcoal (190.53 
μg kg−1) > gypsum (134.28 μg kg−1).

3.4. Transfer factor and distribution 
coefficient

Soil-to-coriander iodine transfer factor values (TF) are shown in 
Figure 3. The translocation factor of coriander plants added with KI 

A B

FIGURE 1

Shoot and root biomass yield of coriander plants after soil amendments as affected by (A) potassium iodide (KI) and (B) organic iodine (OI).
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was significantly higher than the organic form of iodine. For plants 
treated with KI, the TF increased from 0.45 to 0.96 when the soil was 
amended with wood ash. The translocation factor declined with the 
application of organic iodine. A lower TF was found in the gypsum-
amended soils either supplemented with inorganic or organic iodine. 
These values were slightly lowered in plants added with organic 
iodine. The distribution coefficient (DC) values of iodine between the 
shoot and root are given in Figure 3. The DC values for plants treated 
with KI increased significantly compared to the control. Wood ash 
application gave higher DC values (3.51, p < 0.001); while for plants 
treated with organic iodine, the sawdust treatment exhibited a higher 

DC value (1.56, p < 0.01) than the control. The effects of iodine 
sources, soil amendment, and their interaction significantly enhanced 
the concentration of iodine in coriander plants.

3.5. Nutrient concentrations

Soil amendment increased shoot concentrations of essential 
nutrients, irrespective of treatments (Table 5). The concentrations of 
nutrients in the coriander shoot varied in the order of 
K > P > Mg > Ca > Na > Fe > Zn. K concentrations in coriander shoots 
supplemented with KI increased by 9.2, 18.9, 28.6, 111.8, and 55.2% 
in the sawdust, rice husk, charcoal, wood ash, and gypsum treatments, 
respectively. Ca concentrations in coriander shoots increased by 30.2, 
27.6, 14.5, 34.8, and 63.2% in the sawdust, rice husk, charcoal, wood 
ash, and gypsum treatments, respectively. Sawdust could not enhance 
Ca in coriander plants. Compared with the control, the amendment 
application improved P concentrations in coriander from 20.1 mg kg−1 
(control) to 29.3 mg kg−1 in rice husk, 23.6 mg kg−1 in wood ash, and 
20.3 mg kg−1 in gypsum treatment. Organic sources of iodine 
enhanced the concentration of nutrients in coriander plants. Gypsum 
treatment could not enhance the concentration of P in the coriander 
shoot. Changes in the mineral composition of coriander plants could 
be  associated with the physicochemical variations that occurred 
within the soil due to the soil amendment.

4. Discussion and conclusion

Although some studies have demonstrated that different iodine 
types have different absorption or translocation rates by plants (Zhu 
et al., 2003), there is a lack of any concrete proof of a connection 
between soil solution iodine and plant uptake. The current study’s 
findings showed that iodine uptake by coriander was closely 
connected to varied iodine levels in the soil. KI had a considerably 
higher capacity for iodine enrichment in coriander plants than 
OI. Iodine availability in soils, primarily controlled by adsorption–
desorption processes, is a prerequisite for iodine uptake by plants 

TABLE 3 Effect of different iodine sources (IS) and soil amendments (SA) 
on iodine uptake in roots of coriander crop.

Factors Iodine uptake in the root 
(Mean ± SE)

Iodine sources (IS)

Potassium iodide 167.77 ± 2.29 a

Organic iodine 136.82 ± 3.37 b

Soil amendments (SA)

Control 27.29 ± 1.16 f

Wood Ash 172.31 ± 2.24 c

Charcoal 143.03 ± 2.87 e

Gypsum 230.54 ± 3.11 a

Rice Husk 149.10 ± 1.97 d

Sawdust 191.52 ± 1.56 b

LSD (IS) 1.55

LSD (SA) 2.69

LSD (IS × SA) 3.8

F-value (IS) 1688.38**

F-value (SA) 5589.72**

F-value (IS × SA) 1196.34**

Means in similar columns with distinct lower case alphabets are significantly different at 
p ≤ 0.05; **Significant at p ≤ 0.01.

A B

FIGURE 2

Iodine concentrations in the shoots and roots of coriander plants after soil amendments as affected by (A) potassium iodide (KI) and (B) organic iodine 
(OI).
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growing in soils. The results showed that OI has a significantly 
higher affinity for the soil utilized in this experiment than KI; hence 
its availability in soils was lower than iodide. Therefore, the 
difference in iodine concentrations in soil solution, which is 
immediately available for root uptake, might account for the 
difference in iodine uptake by coriander plants supplied with KI 
and OI. Low iodine concentrations in soil solutions after OI 
treatments may be  caused by significant iodine volatilization. 
According to Fuge (1996), the global iodine cycle and the transfer 
of iodine to the biosphere are significantly influenced by the 
volatilization of iodine from soils. Iodine in the soil was discovered 

to be volatilized from the soil–plant system into the atmosphere as 
organic iodine (Muramatsu et al., 1995; Kumar and Hemantaranjan, 
2017). Organoiodides, volatile iodine molecules, can escape 
terrestrial ecosystems, including peat bogs and rice fields (Redeker 
et al., 2000; Dimmer et al., 2001), and the concentrations of iodide 
in soils eventually determine how much volatile organoiodides may 
be produced from soil (Keppler et al., 2003).

Soil amendment significantly affected the plant biomass and 
nutritional value. The application of charcoal and wood ash 
produced higher biomass than other soil amendments. This might 
have resulted from adding soil amendments that affected soil 
properties and crop growth by improving soil pH, organic matter, 
and several nutrient concentrations, as well as crop emergence 
and yield relative to control treatment (Mohiuddin et al., 2019a). 
Wood ash, charcoal, and rice husk increased the iodine 
concentration in both root and shoot. The TF and DC of iodine 
between shoot and root were relatively higher for plants treated 
with KI. Similarly, wood ash showed a higher DC ratio than other 
soil amendments. The lower levels of iodine in the growth 
environment (0.02–0.2 mg kg−1) benefit several plant species (Zhu 
et al., 2003).

The addition of soil amendment significantly enhanced the 
biomass of plants. This could be due to the provision of essential 
nutrients to plants. Phytofortification of iodine was higher with the 
addition of an iodide form of iodine compared to the organic 
source. The higher iodine accumulation in plant tissue with KI was 
also reported by (Zhu et al., 2003; Voogt et al., 2010; Humphrey 
et  al., 2019). Mohiuddin et  al. (2019b) reported enhanced 
bioaccumulation of iodine after adding different soil amendments. 
Applying organic amendments retained more iodine in the soil and 
reduced its losses via leaching.

Previous reports have shown that iodine was not phloem-
mobile; therefore, iodine accumulation in grains was lower 
(Mackowiak and Grossl, 1999). For leafy vegetables, iodine 
accumulation in the edible parts is dependent mainly on the xylem 
transport. Therefore, one of the goals of the present study was to 
demonstrate whether iodine can be  accumulated in coriander 
shoots for supplementary iodine nutrition. This study showed a 

TABLE 4 Effect of different iodine sources (IS) and soil amendments (SA) 
on iodine uptake in shoots of coriander crop.

Factors Iodine uptake in the shoot 
(Mean ± SE)

Iodine sources (IS)

Potassium iodide 195.85 ± 8.56 a

Organic Iodine 172.44 ± 9.23 b

Soil amendments (SA)

Control 96.23 ± 4.78 f

Wood Ash 250.99 ± 5,71 a

Charcoal 195.31 ± 4.89 d

Gypsum 134.47 ± 7.89 e

Rice Husk 212.44 ± 4.65 c

Sawdust 215.41 ± 7.56 b

LSD (IS) 1.36

LSD (SA) 2.37

LSD (IS × SA) 3.35

F-value (IS) 1246.32**

F-value (SA) 5023.77**

F-value (IS × SA) 476.94**

Means in similar columns with distinct lower case alphabets are significantly different at 
p ≤ 0.05; **Significant at p ≤ 0.01.

A B

FIGURE 3

Iodine transfer factors (TF) and distribution coefficients (DC) of coriander plants after soil amendments as affected by (A) potassium iodide (KI) and 
(B) organic iodine (OI).
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higher iodine TF than reported for rice crops (Mackowiak and 
Grossl, 1999) and wheat grains (Shinonaga et  al., 2001). It was 
observed that plants grown in gypsum-amended soil accumulated 
a lower amount of iodine content in plant shoots when compared 
with other soil amendments. Applying gypsum resulted in higher 
Ca content, lower iodine retention in soil (Fuge, 2013), and lesser 
iodine bioavailability (Hu et al., 2012). Ca-containing amendment 
increased soil pH and CEC and affected the soil’s ability for iodine 
retention at higher pH (Fuge, 2013). Instead, the organic 
amendments enhanced the soil’s organic carbon, which substantially 
enhanced the soil’s capacity to retain iodine contents (Johnson, 
2003). The wood ash amendment showed an improvement in iodine 
bioavailability from the soil.

The amount of iodine accumulation in the shoots was higher 
than in the roots of coriander plants. Soil properties such as cation 
exchange capacity, organic matter, and clay minerals have affected 
iodine adsorption and bioavailability (Yoshida et al., 1992). Changes 
in soil properties due to the soil amendment could be attributed to 
the enhanced mineral contents in coriander plants. Mohiuddin et al. 
(2021) reported the relationship of iodine with soil properties and 
predicted the substantial effects on the extractability of iodine 
contents from soils. This study confirms that the availability of 
iodine to coriander can be  improved using a suitable soil 
amendment. Coriander edible shoots and leaves can absorb and 
store iodine when exogenous iodine fertilizer is used. After using the 
exogenous iodine fertilizers, KI, and seaweed composite, a clear 
difference was shown in the amount of iodine that plants 
could absorb.

It is concluded that the KI-fertigated soils accumulate higher 
iodine than the OI-fertigated soils. Soil amended with wood ash 
increased the iodine concentration in plant tissues. Higher values 
of TF and DC were recorded for plants treated with KI. Plants 
absorb more iodine from KI than from the seaweed composite. 
Favorable iodine addition can speed up the development of 
vegetables; however, too much iodine might be  detrimental to 
them. Therefore, a suitable soil amendment can enhance iodine 
availability in soil. It is necessary to investigate iodine accumulation 
in vegetables under different soil amendments concerning soil 
attributes under field conditions.
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TABLE 5 Nutrient composition in coriander shoots as affected by soil amendments.

Source Amendment Ca Mg Na K Fe Zn P

Control 15.2 17.2 14.2 38.0 2.6 0.8 20.1

Inorganic Iodine Sawdust 19.8 22.4 16.2 41.5 2.8 0.9 22.8

Rice husk 19.4 21.9 19.1 45.2 2.8 0.9 29.3

Charcoal 17.4 19.7 16.0 48.9 2.7 0.8 20.0

Wood ash 20.5 26.2 18.8 80.5 2.8 0.9 23.6

Gypsum 24.8 16.7 13.6 59.1 0.6 0.7 20.3

Organic Iodine Sawdust 15.6 17.7 14.4 52.8 2.6 0.7 17.0

Rice husk 19.2 21.8 17.7 62.5 2.8 0.9 22.1

Charcoal 22.8 25.8 21.0 53.3 2.6 1.1 16.7

Wood ash 18.9 21.4 17.4 69.5 2.8 0.9 21.8

Gypsum 21.5 21.0 17.1 66.6 1.7 0.8 21.3

LSD (0.05) 1.2 1.4 0.9 2.7 0.4 0.5 1.8
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