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The current study was aimed to assess the effects of different iodate concentrations on 
morpho-physiological characteristics of potato. In this regard, a pot experiment was 
carried out during the spring and summer 2013. Five concentrations of KIO3 including 
control beside 10, 20, 40, and 80 mg/Kgsoil were applied through irrigation system. The 
results showed that all selected agronomical and morphological characteristics of potato 
except dry weight of stem (SDW) and root (RDW) were negatively affected by high 
iodate concentrations. The results showed that applying 80 mg KIO3/Kgsoil compared to 
control resulted in around 15, 86, 84, 41, 16, 25, 20, and 87% reductions in harvest 
index (HI), leaf dry weight (LDW), tuber dry weight (TDW), plant dry weight (PDW), 
stem length (SL), root length (RL), plant height (PH), and number of tuber per plant 
(NT), respectively. Iodate application (80 mg KIO3/Kgsoil vs. control) also affected 
potato’s physiological characteristics including chlorophyll content (SPAD), relative 
water content (RWC), water use efficiency (WUE), evapo-transpiration efficiency 
(ETE), cell membrane stability index (CMSI) and tolerance index (TI) showing around 
27, 12, 87, 39, 40, and 77% reductions for each one, respectively. Increasing iodate 
concentrations, although, showed no effect of Zn concentration of root and Fe and Mn 
concentrations of leaf, gradually decreased Zn concentration of leaf and increased Fe 
and Mn concentrations of root and Cu concentrations of root and leaf. Plants also 
showed several visible symptoms including stunting, chlorosis, browning of leaf tip and 
reduction in growth due to iodate toxicity. 
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INTRODUCTION1 

otato (Solanum tuberosam L.) is one of the 
most important horticultural and economical 
food crops in Iran as well as many countries 

of the world. It is the fourth most important crop 
after the three cereals including maize, rice and 
wheat. Metal toxicity is one of the major 
environmental problems to the present world 
because of its increasing level caused by both 
natural sources and human activities (Thounaojam 
et al. 2012). At present, plant utilization of trace 
elements such as iodine and selenium are under 
intense research, since these elements are essential 
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for human health and are supplied through plant 
food. Iodine is regarded as an essential trace 
element for mammals and its deficiency causes 
numerous severe disorders such as goiter, 
cretinism, reproductive failure, mental 
backwardness and brain damage (Abrahams 2006; 
Zimmermann 2008). Nowadays, about 30-35.2% of 
the world’s population suffers from iodine 
deficiency (Abrahams 2006; Winger et al. 2008) 
and around one million individuals are considered 
at the risk of this deficiency (Fields et al. 2005). 
According to the World Health Organization 
(WHO) almost two billion worldwide individuals 
are currently affected by iodine deficiency (De 
Benoist et al. 2009). A major reason for limited 
supply of iodine in human diet is a low level of this 
element in soil environment, partly resulting from 
particular physico-chemical properties of soils.  

To mitigate such nutritional disorders, bio-
fortification has been recently proposed to improve 
plant food nutritional quality. Bio-fortification has 
been defined as the process of increasing 
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concentration of bioavailable essential elements 
(e.g. iodine, selenium, zinc, etc.) in the edible parts 
of crops through agronomic practices or genetic 
selection (Abdoli and Esfandiari 2014; Abdoli et al. 
2014). Although iodine bio-fortification programs 
have so far succeeded in promoting the intake of 
this element through plant consumption (Blasco et 
al. 2008), iodine is not an essential element for 
plants. Numerous studies conducted on iodine bio-
fortification were generally focused on developing 
the optimal method of plant enrichment in this 
element (Gonda et al. 2007; Blasco et al. 2008; 
Hong et al. 2009; Blasco et al. 2011). But none of 
them studied whether iodine bio-fortification 
influences morpho-physiological characteristics of 
crops. 

The application of iodine can stimulate the 
vegetative development of numerous plant species, 
increasing crop yields. However, iodine bio-
fortification must be applied carefully, since its 
absorption can produce intracellular oxidation to I2, 
which inhibits the photosynthetic process (Mynett 
and Wain 1973). Iodine also has a phytotoxic effect 
that reduces biomass and may decrease crop 
productivity (Blasco et al. 2008; Blasco et al. 2011; 
Hong et al. 2012), and there is a need for further 
exploration of the effects of iodine bio-fortification 
programs on the crops physiology.  

Vegetable crops (such as potato and lettuce) 
are being subjected to iodine bio-fortification 
programs that may affect the physiology and 
nutritional value of the plant. Research is therefore 
required into the effect of this trace element on the 
development of crops. The objective of the present 
experiment was to study morpho-physiological 
characteristics and the uptake of mineral nutrients 
of potato subjected to a bio-fortification program 
with different doses of iodine. 

MATERIALS AND METHODS 
Plant material, growth conditions and 
treatments 

The present investigation was undertaken 
during the spring and summer seasons of 2013 at 
University of Maragheh, Maragheh, Iran (46º, 
16′/E; 37º, 22′/ N) with 1542 meters elevated from 
sea level. The selected crop potato (Solanum 
tuberosum L. cv. Agria) was grown in the pots over 
a wide area under normal water supply conditions. 
The experiments were carried out in woody pots 

with 60, 30, and 30 cm of length, width and depth, 
respectively. Each pot was containing 35 Kg soil 
consisting 1:1:1 clay, sand, and manure, 
respectively. Five concentrations of KIO3 including 
control (without iodine application and only 
distilled water was used) beside 10, 20, 40, and 80 
mg/Kgsoil were applied through irrigation system. 
Pure reagents - KIO3 (Sigma-Aldrich, Germany) 
were applied. Four tubers were sown in each pot on 
7th May and the number of the seedlings was 
reduced to three per pot two week after their 
emergence. Plants were treated with potassium 
iodate (dissolved in water and supplied in the 
irrigation water) at the flowering stage (42 days 
after sowing). Potato was harvested on 8th July 
2013 (growth period = 63 days). Precipitation and 
average temperatures of study area during the crop 
season are presented in Table 1. 

Statistical analysis 

A randomized complete block design (RCBD) 
with three replications was carried out in this study. 
Different doses of potassium iodate including 
control (T1), 10 (T2), 20 (T3), 40 (T4), and 80 (T5) 
mg/Kgsoil were regarded as treatments.  

All data were subjected to one-way analysis of 
variance (ANOVA) using SAS 8.0 software (SAS 
Institute Inc, 1998). Vertical bars in the Figures 
indicate the mean values ± SE based on 
independent three determinations (n = 3). Duncan's 
multiple range tests was used to assess the 
differences between the mean values of control and 
KIO3 treated plants and P < 0.05 was considered 
statistically significant. 

Morpho-physiological characteristics  

Tuber yield and its components 

Three week after treatments, individual plants 
were weighed to evaluate biomass accumulation 
and samples were collected. Three plants randomly 
were selected in order to measure tuber yield and 
its components consisting number of tubers per 
plant (NT), dry weight of leaves (LDW), lengths of 
stems (SL) and roots (RL), and plant height (PH). 
Harvest index (HI) was also measured by dividing 
tuber yield to biomass production. 

Relative water content  

Leaf relative water content (RWC) was 
estimated according to Castillo (1996). Sampled 
flag leaves (0.5 g) were saturated in 100 ml 

Table 1. Minimum, maximum and mean of temperature and precipitation of experimental site during 2013. 
Month Temperature (°C) Precipitation (mm) 

Min Max Mean 
May 9.06 20.4 14.7 34.9 
June 14.7 28.3 21.5 19.2 
July 19.4 32.8 26.1 4.7 
Source: Meteorological Office, Iran. 
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distilled water for 24 h at 4°C in a dark place and 
their turgid weights were recorded. Then they were 
oven-dried at 70°C for 48 h and their dry weights 
were recorded, as well. Finally, leaf RWC was 
calculated as follows:  

 % 100FW DWRWC
TW DW


 

   [1] 

Where FW, DW, and TW are fresh, dry, and turgid 
weights, respectively. 

Chlorophyll content  

Leaf chlorophyll content (SPAD) was 
monitored by portable chlorophyll meter (SPAD-
502, Minolta, Japan) using five individual leaves 
per pot after three weeks of treatment. 

Water use and evapo-transpiration efficiencies 

Water use (WUE) and evapo-transpiration 
(ETE) efficiencies were estimated according to 
Ehdaie and Waines (1993) using the following 
equations: 

tuber yield (g/plant)
consumed water (L/plant)

WUE 
  [2] 

biomass (g/plant)
consumed water (L/plant)

ETE 
  [3] 

Cell membrane stability index 

Cell membrane stability index (CMSI) was 
determined by recording the electrical conductivity 
of leaf ions leaching in double distilled water 
(Sairam et al. 2002). Leaf samples (0.1 g) were 
taken in test tubes containing 10 ml of double 
distilled water in two sets. One set was kept at 
40°C for 30 min and another set at 100°C in boiling 
water bath for 15 min and their respective electrical 
conductivities, EC1 and EC2, were measured by a 
pH-EC meter (HANNA, HI 9811, Hanna 
Instruments, Padova, Italy). Then, leaf CMSI was 
calculated by the following formula:  

  1

2

EC% 1 100MSI
EC

 
   
    [4] 

Tolerance index 

Tolerance index (TI) was calculated as the 
quotient of the dry weight of plants grown under 
KIO3 treatment and control conditions (Bálint et al. 
2002) using the following formula: 

  3

3

Dry weight of KIOtreated plants% 100
Dry weight of KIO  untreated plants (control)

TI  
 

 [5] 

Zn, Fe, Cu and Mn concentrations of leaf and 
root 

Potato leaves (8-10 leaves per plant) and roots 
were sampled on day 63 after sowing (and/or three 
week after supplying iodate). The samples were 
washed with deionized water, dried at 70°C for 48 
h, ashed at 550°C for 8 h, and the ashes were 
dissolved in 2 M hydrochloric acid (HCl) 
(Chapman and Parker 1961). Concentrations of Zn, 
Fe, Cu and Mn in the digest solutions were 
determined by Atomic Absorption 
Spectrophotometer (model: AAS-6300 Shimadzu). 
The values were expressed on a dry weight basis 
(mg/kg DW). 

RESULTS AND DISCUSSION 
Agronomical and morphological characteristics 

The feedbacks of harvest index (HI) and dry 
weights of stem (SDW), root (RDW), leaves 
(LDW), tuber (TDW), and plant (PDW) to different 
concentrations of potassium iodate (KIO3) are 
represented in Figure 1. The results showed that 
treatment of potato by different concentrations of 
KIO3, although, had no effects on its SDW and 
RDW, but significantly affected its HI, LDW, 
TDW, and PDW. The highest HI was subjected to 
T2 and T3 (10 and 20 mg KIO3/Kgsoil) showing HI 
of 18.2 and 15.4%, respectively (Figure 1-A). 
Contrary, the lowest HI (3.7%) was recorded in T5 
(80 mg KIO3/Kgsoil). 

The results also depicted that plants treated by 
T1 (control) had the highest LDW (6.10 g/plant) 
and TDW (5.25 g/plant) which gradually decreased 
due to the increase in KIO3 concentration (Figures 
1-D and 1-E). Figure 1-E reveals that TDW of 
treated plants showed no significant change up to 
20 mg KIO3/Kgsoil; thereafter there were a 
significant reduction in TDW of treated plants due 
to the increase of KIO3 concentration. Results 
reveals that there were around 86 and 84% 
differences between LDW and TDW of plants, 
respectively, treated by T1 (control) and T5 (80 
mg/Kgsoil) (Figures 1-D and 1-E) showing negative 
affection of high KIO3 application on plant growth. 
This also indicates that leaves were more affected 
by iodate application than stems and roots. In 
general, high iodine concentrations inhibited the 
potato’s growth leading to extended biomass 
decrease (Figure 1). The similar results were 
obtained for spinach by Zhu et al. (2003), lettuce 
by Blasco et al. (2008), and tomato and potato by 
Caffagni et al. (2011). 

Similarly, PDW was maximum (37.0 g) in 
control and declined gradually due to the increase 
in iodate concentration, which one of plants treated 
with 80 mg/Kgsoil KIO3 concentration reached to 
22.0 g (Figure 1-F). Blasco et al. (2010) reported 
that, although, 80 µM of I- application resulted in 
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lower foliar biomass, it was still significantly 
higher than those in control or treated by IO3

- 
which the highest biomass was at a dose of 20 µM. 
Our results were consistent with the findings by 
Zhu, et al. (2003) reporting a direct relationship 
between higher I- doses and lower foliar biomass 
values in spinach, and Dai et al. (2004) found that 
the IO3

- concentrations had a significant effect on 
the biomass of edible parts of bok-choi and 
spinach. The effect of iodine appears to be more 
depend on the nature of the crops. I- may exert a 
phytotoxic effect on the growth of lettuce due to its 
excessive accumulation in the plant tissues (Blasco 
et al. 2008) or due to intracellular oxidation to I2 
after uptake, which can inhibit the photosynthetic 
process (Mynett and Wain 1973). 

Our results showed that the threshold for 
reducing both phytotoxicity and biomass should be 
set less than 10 mg I/Kgsoil for iodate (KIO3). 
However, Hong et al. (2012) reported that the 
biomass of the vegetable was increased a little in 
the exogenous iodine level of 5 mg/Kg compared to 
control. However, when the applied iodine was 
higher than 25 mg/Kg, vegetable biomass was 
decreased proportionally. 

The iodate toxicity in soil depends on the 
availability of the iodate concentration rather than 
its total content in soil. Increasing iodate 
concentrations from 0 to 80 mg/Kgsoil gradually 
decreased averages lengths of stem (SL) and root 
(RL) and plant height (PH) (Figures 2-A to 2-C). 
Applying 80 mg/Kg concentration of iodate 

resulted in around 20% reduction in the average PH 
as compared with those of control (99 vs. 79 cm) 
(Figure 2-A). In the other word, the PH was 
maximum (99.1 cm) in control and declined with 
the increase in concentration of KIO3. The SL and 
RL also decreased significantly due to influence of 
high iodate concentration (15.9 and 25% at 80 
mg/Kg KIO3, respectively) (Figures 2-B and 2-C). 
The significant reductions due to high iodate 
concentrations indicate the toxic effects of higher 
concentrations of it on the potato’s growth leading 
to inhibition of both cell elongation and division. 
Blasco et al. (2008) also mentioned that iodine can 
increase the amount of antioxidant compounds in 
lettuce, probably interfering with the oxidative state 
of the plant. 

Increasing iodate concentrations from 0 to 80 
mg/Kg also gradually decreased average number of 
tubers per plant (NT). The highest reduction was 
observed at 80 mg KIO3/Kgsoil meaning the lowest 
NT (0.9 tubers/plant) (Figure 2-D). In the other 
word, plants cultivated in control condition 
possessed the highest NT (6.8 ± 0.9) followed by 
4.0 and 2.6 tubers/plant in 10 and 20 mg 
KIO3/Kgsoil, respectively.  
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Physiological characteristics 

Iodate toxicity negatively affected the growth 
and physiological characteristics of cv. Agria 
potato (Figure 3). The potato’s chlorophyll (SPAD) 
and relative water contents (RWC) significantly 
decreased due to applying higher iodate 
concentration at flowering stage. The highest (56.7 
unit SPAD) and the lowest (41.2 unit SPAD) 
chlorophyll content were recorded in T1 (control) 
and T5 (80 mg KIO3/Kgsoil), respectively (Figure 3-
A). The highest RWC also was recorded in T1 
(control) and T2 (10 mg KIO3/Kgsoil) showing 82.3 
and 81.0%, respectively while the lowest RWC 
(72.6%) was subjected to T5 (80 mg KIO3/Kgsoil) 
(Figure 3-B). In the other words, results showed 
that T5 treatment compared to the control resulted 
in around 27 and 12% reductions in potato’s SPAD 
and RWC, respectively. It seems that ethylene 
production enhancement due to an intensified NaCl 
content inhibited chlorophyll biosynthesis which 
can result in chlorophyll reduction (Khan 2003). 
Regarding the fact that chlorophylase activity 
increases during stress conditions, the observed low 
chlorophyll content could be caused by both 
decreased synthesis and increased degradation as a 
response to stress. Blasco et al. (2011) also reported 
the reduction of photosynthesis rate due to 
application of 80 µM of I-, which may be 
associated with the reduction found in biomass and 
photosynthetic parameters (stomatal conductance 
and transpiration). Contrary, Strzetelski et al. 
(2010) reported that iodine application in radish 
(regardless of its dose and application method) had 
no significant effect on the contents of dry matter 
and nitrates (V and III) in leaves and roots,  the 

level of photosynthetic pigments in leaves, and 
total soluble sugar concentration in radish roots. 
The phytotoxic effect of I- on the growth of our 
plants may had been caused either by an excessive 
accumulation of this trace element in the plant 
tissues or by the intracellular oxidation of I- to I2 
which can inhibit photosynthesis (Mynett and Wain 
1973). 

Potassium iodate application at flowering 
stage showed negative effects on potato’s WUE 
and ETE efficiencies, as well. The results showed 
that, although, there were no significant effects on 
WUE among T1 to T3 (0 to 20 mg KIO3/Kgsoil), 
applying higher concentrations of KIO3 (40 and 80 
mg KIO3/Kgsoil) led to a significant reduction in 
potato’s WUE (Figure 3-C) showing WUE of 0.1 
and 0.04 g/L vs. 0.2 and 0.3 g/L. The highest and 
lowest ETE were recorded in T1 (1.8 g/L) and T5 
(1.1 g/L), respectively (Figure 3-D). In the other 
word, applying 80 mg KIO3/Kgsoil led to around 
87% and 39% reductions in potato’s WUE and 
ETE, respectively. Blasco et al. (2011) also applied 
different doses and forms of iodine reporting a 
significant decrease in the WUE which was more 
subjected to IO3

- treatments. 

Current study also showed that the potato’s 
tolerance index (TI) and leaf membrane stability 
(CMSI) indexes significantly decreased by 
increasing potassium iodate concentrations from 0 
to 80 mg KIO3/Kgsoil (Figures 3-E and 3-F). The 
results depicted that potato’s TI was 100% in T1 
(control) which gradually stepped down to 60% at 
T5 (80 mg KIO3/Kgsoil). The CMSI also was 
maximum in control (71.9%) and minimum in T5 
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(16.7%) showing around 55% reduction due to 
applying 80 mg KIO3/Kgsoil. 

Mineral concentrations of potato 

The interaction of physiological and 
biochemical mechanisms of iodine on the uptake of 
mineral nutrients by plants are yet to be discovered. 
Prior researches (Smolen et al. 2009; Smolen and 
Sady 2011; Hong et al. 2012) indicate that iodine 
can affect mineral contents of plant both 
synergistically and antagonistically. Table 2 
illustrates the relationships between initial 
concentrations of KIO3 in soil and zinc (Zn), iron 
(Fe), copper (Cu) and manganese (Mn) 
concentrations of potato’s leaves and roots. The 
results revealed that Zn and Cu concentrations of 
potato’s leaves and Fe, Cu, and Mn concentrations 
of potato’s roots showed significant (P < 0.05) 
reaction to different KIO3 concentrations (0 to 80 
mg KIO3/Kgsoil). In general, apart from the different 
concentrations of KIO3, Zn, Fe, Cu, and Mn 
concentrations of roots were much higher than 
those of leaves (Table 2). Table 2 shows that 
increasing KIO3 concentration from 0 to 80 mg/Kg 
gradually decreased Zn concentration of leaf but 
had no effect on Zn concentration of root. The 

highest and lowest concentrations of Zn in potato’s 
leaf were recorded in T1 (20.6 mg/Kg DW) and T3 
(14.6 mg/Kg DW), respectively. Contrary, the 
results showed that increasing KIO3 concentration 
from 0 to 80 mg/Kg gradually increased Fe and Mn 
concentrations of roots but had no significant effect 
on those of leaves. The lowest concentration of Fe 
(1992 mg/Kg DW) in potato’s root was measured 
in T1 (control) which gradually increased to 3308 
mg/Kg DW in T4 (40 mg KIO3/Kgsoil). Similarly, 
minimum (29.5 mg/Kg DW) and maximum (89.9 
mg/Kg DW) of Mn concentration of potato’s root 
were recorded in T1 (control) and T4 (40 mg 
KIO3/Kgsoil), respectively. Dissimilar to Zn, Fe, and 
Mn, Cu concentrations of both leaf and root were 
affected by different concentrations of KIO3. 
Results showed that applying different KIO3 
concentrations increased Cu concentrations of 
potato’s leaf and root compared to control. The 
lowest Cu concentrations of leaf (0.4 mg/Kg DW) 
and root (6.4 mg/Kg DW) were measured in 
control and the highest Cu concentrations of leaf 
(3.9 mg/Kg DW) and root (12.6 mg/Kg DW) were 
determined in T5 (80 mg KIO3/Kgsoil). However, 
applying iodate concentration up to 20 mg/Kg had  
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no significant effect on the uptake of Cu. Copper 
accumulation in the leaves of potato, directly 
reflects the capacity of a soil for iodine 
bioavailability.  

Limited data are available when iodine effects 
on mineral concentrations of plants are considered. 
Hageman et al. (1942) indicated a significant 
influence of iodine application on Ca, Cu, Fe, Mg 
and Mn accumulation in tomato plants. They 
applied different KI doses (0, 4, 16, 36, 64 and 100 
ppm) and reported significantly more 
accumulations of Mg, Ca, Cu and Mn and less 
accumulation of Fe in tomato. More recently, 
Smolen et al. (2011) reported that application of 2 
mg I/dm3 of soil, in comparison with treating with 
lower doses of iodine, resulted in higher contents of 

Na, Fe, Zn, and Al and lower content of P, S, Cu, 
and Ba in spinach. Smolen and Sady (2012) also 
reported that application of iodine (irrespective of 
its chemical form and method) in spinach 
cultivation decreased Na and Zn contents in plants.  

Phytotoxic effects of iodine 

In order to detect possible phytotoxic effects 
of iodine application on potato’s tuber production, 
an iodine doses response experiment was carried 
out which plants were treated by different KIO3 
concentrations (0 to 80 mg KIO3/Kgsoil) at 
flowering stage. Although, all the plants survived 
and produced tubers after three weeks (Figure 4), 
phytotoxicity symptoms appeared on plants treated 
by iodine (Figure 5). This finding confirms that the 
application of high doses of I- has a phytotoxic 

Table 2. Relationships between different KIO3 concentrations and zinc (Zn), iron (Fe), copper (Cu) and manganese (Mn) of 
potato’s leaf and root (mg/kg DW). 

Tissues 
KIO3 doses 

Mineral nutrient concentrations (mg kg-1 DW) 

Zn*† Fe Cu Mn 

(mg/kg) 
Leaf 0 20.4± 1.7 a 1021± 127 a 0.4± 0.4 b 3.7 ± 3.1 a 

 10 15.2± 1.5 b 1015± 39 a 0.7± 0.4 b 5.0 ± 1.2 a 
 20 14.6± 1.3 b 975 ± 74 a 0.4± 0.4 b 7.1 ± 2.0 a 
 40 18.5± 0.3 ab 1359± 65 a 3.0± 0.4 ab 8.0 ± 2.5 a 
 80 18.9± 2.2 ab 1206± 204 a 3.9± 1.7 a 6.0 ± 2.7 a 

Root 0 40.6± 6.0 a 1992± 225 b 6.4± 1.3 b 29.5± 12.1 b 

 10 43.0± 5.9 a 2687± 256 ab 12.1± 0.7 ab 70.7± 18.6 ab 
 20 34.7± 3.6 a 2783± 253 a 10.1± 1.0 ab 61.3± 12.0 ab 
 40 36.6± 8.1 a 3308± 157 a 12.7± 2.0 a 89.9± 0.9 a 
 80 37.8± 3.5 a 2720± 158 ab 12.6± 2.4 a 59.9± 14.2 ab 

* Means in the same column followed by the same letter are not significantly (P < 0.05) different according to Duncan’s 
test. 

† Table is reporting means ± standard error (n = 3) 
 

Figure 4. Effects of different KIO3 concentrations (0 to 
80 mg kg-1 soil of KIO3) on shoot, root, and tuber of 
potato cv. Agria at 21 days after application. 

 
Figure 5. Effects of different KIO3 concentrations (0 to 80 mg 
kg-1

soil) on leaves of potato cv. Agria at 21 days after 
application. 
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effect on plant physiology (Blasco et al. 2011; 
Landini et al. 2011). The visible symptoms of 
toxicity of KIO3 treatment including stunting and 
chlorosis, browning of leaf tip, reduction in growth, 
stunting of stem and root were the morphological 
symptoms of iodate toxicity (Figures 4 and 5). The 
results showed that T5 as the highest applied iodate 
concentration (80 mg/Kgsoil) produced more 
deleterious effects. Gonda et al. (2007) reported 
that symptoms of leaf necrosis were noted on 
spinach which was cultivated in hydroponic culture 
on nutrient solution containing 0.1 mmol I-. Hong 
et al. (2012) also reported that the seedlings of 
vegetable were injured when initial iodine addition 
in soil was higher than 50 mg/kg, resulting in 
chlorosis of young leaves, producing brown, 
stunted, and coralloid roots, and inhibiting 
vegetable growth. 

CONCLUSION  
It is concluded that iodate toxicity can considerably 
decrease several morpho-physiological 
characteristics of potato as well as its growth. 
Exposure to high iodate concentration was found to 
induce a general reduction in all selected 
parameters, except dry weight of stem and root. 
The highest plant length and dry weight, 
chlorophyll and relative water contents, water use 
efficiency and cell membrane stability index were 
observed in control, while higher iodate 
concentrations (10 to 80 mg/kg) significantly 
decreased morpho-physiological traits. Different 
iodine doses had different effects on the uptake of 
mineral nutrients by potato, in which antagonistic 
effect of iodine was found for Zn, Mn and Fe, 
while synergistic effect was reported for Cu. The 
results also showed that the application of high 
concentrations of KIO3 had phytotoxic effects on 
plant physiology which causes some phytotoxicity 
symptoms on plants. For these reasons, although 
more studies are needed in this respect, but lower 
than the 10 mg KIO3/kg soil can be considered a 
beneficial element to help development of crops. 
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