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ABSTRACT 
 

Aims: Evaluate the impact and biofortification of iodide (I
-)
 and iodate (IO3

-
), on melon morphology 

and physiology under greenhouse conditions. 
Study Design: Experimental design was completely randomized with a 2x2x3 factorial 
arrangement, for a total of 12 treatments and 4 repetitions, giving a total of 48 experimental units. 
Means were compared using LSD test at 0.05. 
Place and Duration of Study: Experiment was established in greenhouses of Universidad 
Autónoma Agraria Antonio Narro, Saltillo. Coahuila. Mexico, between April and July 2020. 
Methodology: Iodine applications were made 15 days after transplant, with a total of 10 
applications to substrate and 5 foliar applications during experiment. Treatments consisted of 
potassium iodide (KI) applications directly to the substrate and foliar at 0.0, 0.5 and 1 mM of iodide 
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(I
-
), every week to the substrate and every 15 days in a foliar way. In same way, with potassium 

iodate (KIO3) treatments, applying 0, 0.5 and 1 mM of iodate (IO3
-
). 

Results: Applications of 1 mM iodate to the substrate increased the number of leaves and leaf 
area. Yields decreased where iodine was applied. Nitrogen uptake improved in almost all 
applications of iodide and iodate. Potassium decreased with iodide and iodate applications. The 
concentration of iodine in the stage of flowering and maturity with applications of iodide to the 
substrate 1 mM. Iodine concentrations in melon fruit were better at low concentrations of foliar 
applied iodide and 0.5 mM substrate. 
Conclusion: Applications of iodide and iodate have a positive effect to melon fruits, without 
presenting phytotoxic effects. 
 

 

Keywords: Health; iodine; plant nutrition; Cucumis melo. 

 
1. INTRODUCTION 
 

Iodine is an essential micronutrient for human 
health, as it is required for the synthesis of 
thyroid hormones: thyroxine (T4) and 
triiodothyronine (T3) [1]. An insufficient intake of 
iodine causes Iodine Deficiency Disorders 
(IDDs), which affects millions of people in the 
world [2]. Recommendations from various 
institutions and organizations for a sufficient daily 
supply of iodine for adolescents and adults range 
from 150 to 200 μg I d

-1
 [3]; pregnant and 

lactating women have higher iodine needs 
amounting to 230 and 260 μg I d

-1
, respectively 

[4]. Biofortification programs in crops with 
micronutrients can be an alternative strategy or 
approach for the control of mineral malnutrition 
[5,6], Agronomic biofortification with iodine in 
crops is a new strategy to deal with iodine 
deficiency in humans [7], agronomic 
biofortification with iodine in crops is a new 
strategy to make it against iodine deficiency in 
humans, most of the Horticultural crops can store 
iodine, the absorption increases with the amount 
used during fertilization and has been 
successfully demonstrated in several plant 
species [8-15]. 
 

Some reports indicate toxic effects on the 
reduction of plant biomass due to iodine in the 
form of iodide and iodate when applied at high 
doses (>80 µM) in different plant species [10,16]. 
When excessive doses of iodine are applied, 
various symptoms of toxicity are manifested, 
which can be seen from the deterioration of 
growth, decrease in biomass, chlorotic spots 
followed by necrosis of the leaves and death of 
the plant [16]. However, a positive effect on 
biomass growth and biomass accumulation has 
been observed in crops where iodine was used 
previously, such as spinach, barley, beets, 
celery, turnip, mustard and alfalfa [17-20]. 
Especially when iodate is applied it has better 

results on plant growth [21]. There is currently no 
published literature on biofortification and effect 
of iodine for melon. The objective of this study 
was to evaluate the impact and biofortification of 
iodide (I

-
) and iodate (IO3

-
), on melon morphology 

and physiology under greenhouse conditions. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Material and Growth Conditions  
 

The research was carried out in spring-summer 
2020 in a greenhouse at Universidad Autónoma 
Agraria Antonio Narro, Saltillo. Coahuila. Mexico, 
between April and July 2020. Environmental 
conditions of greenhouse had an average 
temperature of 24 °C and a maximum of 29 °C, 
relative humidity between 20-60% and average 
PAR radiation of 200 μM m

-2
 s

-1
 with a maximum 

of 416 μM m
-2

 s
-1

. Hybrid melon seeds (Cucumis 
melo L) cv. Cruiser F1, were used and placed in 
germinating trays with 200 cavities using acid 
peat as substrate for germination, placing one 
seed per cavity, 40 days after sowing, the 
seedlings were transplanted into 10 L 
polyethylene containers using an acid peat and 
perlite mixture as a substrate with a ratio of 80:20 
v/v. The planting density was 3.75 plants/m

2
. 

When plant had six true leaves, a pruning was 
carried out on main guide. For nutrition of plant, 
following nutrient solutions were used, in 
flowering phase and in fruit filling, with the 
following concentrations of macronutrients (mM 
L

-1
): NO3

-
 =14.0, NH4

+
= 0.6, H2PO4

-
= 1.34, K

+
= 

6.54, Ca
2+

= 4.58, Mg
2+

= 3.82 (flowering). NO3
-
 = 

10.4, NH4
+
= 0.6, H2PO4

-
= 1.34, K

+
= 7.0, Ca

2+
= 

3.7, Mg
2+

= 1.93 (fruit filling). pH was adjusted to 
5.8 with sulfuric acid and the electrical 
conductivity (EC) to 2.0 dS m

-1
. micronutrients 

were added in form of EDTA-chelate at a 
concentration (mg L

-1
) of iron = 1.5, zinc = 3.0, 

manganese = 0.6, copper = 0.15 and boron = 
0.5. 



 
 
 
 

Melgoza et al.; IJPSS, 34(23): 1729-1741, 2022; Article no.IJPSS.93751 
 

 

 
1731 

 

2.2 Iodine Application 
 
Iodine applications were made 15 days after 
transplantation, with a total of 10 applications to 
the substrate and 5 foliar applications during 
experiment. Treatments consisted of potassium 
iodide (KI) applications directly to substrate and 
foliar at 0, 0.5 and 1 mM of iodide (I

-
), every 

week to the substrate and every 15 days in a 
foliar way. In a same way potassium iodate 
(KIO3) treatments, applying 0, 0.5 and 1 mM of 
iodate (IO3

-
). 

 

2.3 Morphological Characteristics 
 
Sampling of the morphological characteristics 
was carried out at flowering and maturity stage 
(46 and 96 days after transplantation), taking one 
plant as the experimental unit. Were determined: 
number of leaves (NL), number of female flowers 
(NFF), number of male flowers (NMF) and leaf 
area (LA, cm2), using a leaf area integrator 
(LICOR LI-3100C). 
 

2.4 Stomatal Conductance 
 
It was made at 49 and 81 days after 
transplanting, taking one leaf per experimental 
unit. Between 10:00 and 13:00 hrs, stomatal 
conductance readings (COND, mol·m

-2
 s

-1
) were 

taken, using an SC-1 Decagon Devices, Inc. 
porometer. 
 

2.5 Yield, Total Soluble Solids, and 
Oxidation-Reduction Potential 

 

Harvest was carried out from 87 days after 
transplanting and a total of 6 cuts were made. 
Following variables were taken: number of fruits 
per plant (NF), average fruit weight (AFW, Kg) 
and yield (YIELD, kg/m

2
). The total soluble solids 

of the fruit pulp (TSS, %) were measured with a 
refractometer (ATAGO model 1018). The 
oxidation-reduction potential of the fruit pulp 
(ORP, mV) was determined with an ORP 
potentiometer (HI98185-01, HANNA, Inc., USA) 
[22]. 
 

2.6 Mineral Analysis of Aerial Part in 
Stages of Flowering, Maturity and in 
Melon Fruits 

 

For determination of mineral content (N, P, K, 
Ca, Mg, Fe, Cu, Zn and Mn) same plants used to 
measure the morphological characteristics were 
used, they were sampled at 46 days after 
transplantation (flowering), 96 days after 

transplantation (maturity) and the analysis in the 
fruits was carried out with three fruits per 
treatment, they were placed in a continuous 
circulation oven at 75 °C for two days and 
proceeded to grind with a mortar, weighing 1 g of 
the ground and homogenized samples, were dry 
incinerated at 550 °C for 3 h, then 10 ml of the 
mixture of nitric acid and perchloric acid 3:1 (v/v) 
were added at 200 °C in an oven and proceeded 
to the filtrate with Whatman 42 paper and 
brought to a final volume of 100 ml with 
deionized water. Minerals were determined using 
a Varian AA-1275 atomic absorption 
spectrophotometer [23]. For the determination of 
total nitrogen, the micro-Kjelhdal method was 
used [24]. Phosphorus was determined by 
colorimetry using a UV-Vis spectrophotometer 
(Thermo Scientific Modelo G10S) [25]. 
 

2.7 Iodine Content Analysis 
 

Iodine was determined with alkaline digestion 
technique [26]. 500 mg of dry leaf sample and 
previously ground fruits with a mortar were 
weighed. To sample was added 2 ml of 2M KOH 
and 1 ml of 2M KNO3. Predigestion was carried 
out in an oven at 100 °C for 2 hours under an 
extractor hood, then a muffle was used at a 
temperature of 580 °C for 3 hours. Ashes were 
placed in conical tubes where 2 mL of KOH at 2 
mM were added. Tube sample was centrifuged 
at 12,000 rpm for 15 min. Finally, 1 ml of 
supernatant was taken and filled to 10 ml with 
KOH at 2M [27], the reading was taken at 
178.215 nm with an ICP optical emission 
spectrometer (Varian 725, ES). 
 

2.8 Statistic Analysis 
 

The experimental design was completely 
randomized with a 2x2x3 factorial arrangement, 
for a total of 12 treatments and 4 repetitions, with 
a total of 48 experimental units. Data was 
analyzed using an analysis of variance and 
comparison between means was made with 
Fisher's least significant difference (MSD) 
(P=.05). All statistical analyzes were performed 
with Statistica 10.0 software (Statsoft Inc, Tulsa, 
OK). 
 

3 RESULTS AND DISCUSSION 
 

3.1 Morphological Characteristics 
 
Applications of iodide and iodate in melon crops 
did not show statistical differences between 
treatments in number of female and male flowers 
(NFF, NMF) (Table 1). Number of leaves (NL) 
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and leaf area (LA) were statistically significant 
(P= .05). Number of leaves and leaf area 
increased with application of 1 mM iodate to 
substrate [28]. Iodide applied to substrate at 1 
mM, had a negative effect on NL and LA, 
possibly due to chemical form of iodine and its 
concentration [29]. 
 

3.2 Stomatal Conductance 
 

The decrease in leaf area, along with a reduction 
in stomatal conductance, can limit both 
interception of solar energy and the rate of 
photosynthesis and finally the production of 
biomass in the plant [30,31]. In Table 1 with a 
significance (P =.05), applications of iodide to 
substrate 1 mM, limited the number of leaves 
and leaf area, and stomatal conductance also 
decreased drastically in measurements made at 
49 and 81 days after transplanting. This is 
because stomatal conductance is influenced by 
abiotic stress [32], as is CO2 fixation, which is 
reduced after stomata closure through abscisic 
acid (ABA) [33], due to a possible oxidative effect 
of iodine [34,35]. In our results, stomatal 
conductance at low concentrations of 0.5 mM 
iodide via foliar route and 0.5 mM iodate via 
substrate maintained the highest values. 
 

3.3 Yield, Total Soluble Solids and 
Oxidation-Reduction Potential 

 

Regarding to yield and number of fruits (YIELD 
and NF), (Table 2) (P=.05), this presented a 
decrease where iodine was applied. Best 
treatments treated with iodine were the 
applications of 0.5 and 1 mM iodide and iodate to 
the substrate, respectively, yields obtained 
experimentally are competitive according to other 
studies carried out on melon under greenhouse 
conditions [36,37]. Average fruit weight (AFW) 
did not show statistical differences. 
 

In Table 2, concentration of total soluble solids 
(TSS) in melon fruits, did not show statistical 
differences between treatments, however high 
concentrations of iodide and iodate to 1 mM 
substrate, begin to show a downward trend of 
TSS [38], in the oxidation-reduction potential, 
maintains the reduced values in negative range, 
without alter antioxidant capacity of fruit [22,39]. 
 

3.4 Mineral Analysis in the Stages of 
Flowering, Maturity and in Melon Fruits 

 

Results of concentration of minerals in the 
flowering stage (46 days after transplant, P= 
.05), are observed in Table 3. Concentrations of 

N in plants treated with iodine increased 
considerably compared to those where no 
applications of iodine were made, except for 
applications of iodate to 0.5 mM substrate [40]. In 
P, it had better absorption with applications of 0.5 
and 1 mM iodide to substrate and 0.5 mM foliar 
iodide [41], compared to foliar iodate and 
substrate (0, 0.5 and 1 mM). In K, there was a 
variation in potassium concentrations between 
treatments, possibly due to competition with Mg 
[42]. These results describe a normal behavior of 
Ca in most treatments, lower requirements are 
observed in flowering stage [43], highlighting a 
better adsorption of Ca with iodide and iodate 
applied foliar 1 and 0.5 mM respectively [44]. In 
Mg, greater absorption efficiency was observed 
with 0.5 mM foliar applied iodate and 1 mM 
iodide applied to substrate and foliar, it should be 
mentioned that in this flowering stage Mg 
absorption increased considerably [45,46]. Also, 
concentrations of Fe increase with applications of 
iodide and foliar iodate and to the substrate 0.5 
mM and iodide applied to substrate 1 mM, 
compared to rest of treatments. In Cu, with the 
application of iodate to the substrate 1 mM, it 
showed a decrease compared to rest of 
treatments. As for Zn and Mn, their concentration 
tended to increase with the 0.5 mM iodide 
applied to substrate. 
 
In maturity stage (96 days after transplant, 
P=.05, Table 3), N concentration was higher in 
plants treated with 0.5 and 1 mM iodide and 
iodate to the substrate [47]; it should be noted 
that iodine applications did not affect N 
adsorption. In contrast, iodide treatments reduce 
the nitrogen concentration in lettuce leaves [48]. 
However, in our study levels of nutritional 
sufficiency of nitrogen were maintained in 
flowering and maturity stages (46 and 96 days 
after transplant) [42]. Accumulation of P in aerial 
part at maturity stage presented a decrease 
when applying iodide and iodate 0.5 and 1 mM 
by foliar route and to substrate, respectively. It is 
worth mentioning that treatments of iodide 
applied to substrate 0.5 and 1 mM, and applied 
foliar 1 mM, and iodate applied foliar 0.5 and 1 
mM, in addition to substrate 0.5 mM, iodide and 
iodate 0 mM, had a range of P concentration 
between 0.3-0.5%, which is considered to be 
ideal requirement for favorable growth [49]. On 
other hand, in treatments with 0.5 and 1 mM 
iodide applied to substrate, 0.5 and 1 mM foliar 
applied, 0.5 and 1 mM iodate applied to 
substrate, 1 mM foliar-applied iodate, they 
presented low concentrations of K. interpreted as 
resulting from some kind of stress [50].  
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Table 1. Effect of the form of application of iodide and iodate by substrate or foliar route, on morphological characteristics and stomatal 
conductance 

 

 Form 
  
  

 Application 
  
  

Concentration(mM I
-
) 

  
NFF NMF NL LA 

(cm
2
) 

Stomatal conductance 
(mmol m

-2
 s

-1
) 

49 81 

 days after transplanting 

Iodide Substrate 0. 49.50a
Z
 374.50a 129.83ab 17961.21ab 232.13ab 248.68ab 

Iodide Foliar 0 62.17a 430.75a 141.08a  18097.93ab 195.03b 186.18bc 
Iodide Substrate 0.5 72.00a 403.00a 139.33a 17938.68ab 201.90b 202.15abc 
Iodide Foliar 0.5 59.67a 396.00a 137.00a 14484.24bc 250.90a 253.38a  
Iodide Substrate 1 66.67a 382.00a 102.58b 12405.61c 134.03c 184.93c 
Iodide Foliar 1 62.33a 296.00a 103.67b 13730.98bc 211.00ab 198.90abc 
Iodate Substrate 0 49.50a 374.50a 129.83ab 17961.21ab 232.13ab 248.68ab 
Iodate Foliar 0 62.17a 430.75a 141.08a  18097.93ab 195.03b 186.18bc 
Iodate Substrate 0.5 70.67a 343.00a 119.33ab 15156.43bc 252.47a 238.40abc 
Iodate Foliar 0.5 66.33a 398.00a 125.17ab 17554.97ab 198.80b 220.33abc 
Iodate Substrate 1 54.00a 423.00a 146.00a 21218.28a  217.60ab 184.48c 
Iodate Foliar 1 69.33a 428.00a 127.67ab 18380.28ab 187.80b 201.73abc 
  LSD 23.24 181.91 32.35* 4839.40* 45.86* 63.43* 
Z
= values with the same letter are statistically equal in accordance with the LSD to a test P= .05, *= significant difference to a P= .05, NFF= number of female flowers, NMF= 

Number of Male Flowers, NL= Number of Leaves, LA= Leaf Area 
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Table 2. Yield, total soluble solids and oxidation-reduction potential with iodide and iodate 
applications in melon fruits 

 

Form Application Concentration NF AFW YIELD TSS ORP 

    (mM I
-
) (Kg) (Kg/m

2
) (%) (mV) 

Iodide Substrate 0 2.00a 0.89a 6.63ab 8.78a -58.96a 
Iodide Foliar 0 1.75ab 1.14a 7.23a 8.40a -52.48a 
Iodide Substrate 0.5 1.75ab 0.85a 5.43abc 8.50a -42.75a 
Iodide Foliar 0.5 1.25ab 1.01a 4.40bc 8.95a -34.45a 
Iodide Substrate 1 1.33ab 0.88a 3.93c 7.47a -38.13a 
Iodide Foliar 1 1.25ab 0.94a 4.22bc 8.55a -42.68a 
Iodate Substrate 0 2.00a 0.89a 6.63ab 8.78a -58.96a 
Iodate Foliar 0 1.75ab 1.14a 7.23a 8.40a -52.48a 
Iodate Substrate 0.5 1.25ab 1.22a 5.16abc 8.60a -36.63a 
Iodate Foliar 0.5 1.50ab 0.97a 4.81abc 8.25a -53.28a 
Iodate Substrate 1 1.50ab 1.01a 5.62abc 7.55a -33.20a 
Iodate Foliar 1 1.00b 1.20a 4.50bc 8.40a -30.98a 
  DMS 0.87* 0.440 2.66* 1.86 42.34 

Z
= values with the same letter are statistically equal according to LSD at a P= .05, *= significant difference at a P= 
.05, NF= number of fruits per plant, AFW= Average Fruit Weight, TSS= Total Soluble Solids, ORP = Oxidation-

Reduction Potential 
 

The possible phytotoxic effect of iodine on plant 
growth may have been caused by excessive 
accumulation of this element in plant tissues or 
by intracellular oxidation to I2 after uptake 
[35,51].  
 

However, 0.5 mM foliar iodate presented best 
concentration of K. In case of Ca, 0.5 mM iodide 
applied to substrate presented best accumulation 
of Ca, and when 0.5 and 1 mM iodate was 
applied foliar and substrate, 1 mM, iodide and 
iodate applied to foliar and 0 mM substrate, 
presented low values. Compared to flowering 
stage (46 days after transplant), where plant is 
growing, there was a higher absorption of Mg, 
however, in maturity stage (96 days after 
transplant) there was a decrease in absorption of 
Mg in most of treatments, being iodide applied to 
substrate 0.5 mM, treatment that presented 
highest concentration of Mg. Concentrations of 
Fe toxicity are above 500 mg kg

-1
 in dry weight 

[45], in our results highest concentrations of Fe 
were obtained with the applications of 0.5 mM 
iodate applied to substrate with values of 446 mg 
kg

-1
 in dry weight, it was close to toxicity limits; 

on the other hand, minimum values of Fe are ≤ 
40mg kg

-1
 in dry weight [42], in most of our 

results they were in the normal ranges. In Cu and 
Zn they were not affected by the treatments in 
maturity stage (96 days after transplantation). In 
case of Mn, highest concentrations were 
obtained with applications of iodide applied to 
substrate 1 mM. 
 

In concentration of minerals in fruits Table 3 (P= 
.05), in N it maintained the relatively high trend 

presented in the stages of flowering and 
maturation, being reflected in fruits mainly in the 
treatment applied to the substrate 0.5 mM. 
Highest concentration of P in fruit occurred with 
iodide treatment applied to substrate at 1 mM. In 
K there were no significant differences. In Ca, 0.5 
mM foliar applied iodide presented best values. 
In case of Mg, 0.5 and 1 mM foliar applied             
iodide treatments and 1 mM iodide applied to 
substrate, presented highest concentrations. 
Also, iodide applied foliar 1 mM, presented              
high values in Fe. In contrast, with applications        
of iodate applied to substrate 1 mM, in Cu it               
had higher concentration. Respect to Zn,                    
was more concentrated in iodide treatment 
applied to substrate 0.5 mM and finally 
concentrations of Mn were higher in foliar iodate 
treatment 1 mM. 
 

3.5 Iodine Content Analysis 
 

Results of the iodine concentration in aerial part 
in flowering and maturity stage (46 and 96 days 
after transplanting), are represented in Figs. 1 
and 2. Highest concentration of iodine in leaves 
in flowering stage and maturity occurred when 1 
mM iodide was applied to substrate, because 
root absorbs iodide (I

-
) at a higher rate than 

iodate (IO3
-
) [10,11,52], in addition, iodine 

transport is mainly through xylem and only 
slightly through phloem [53]. Iodate goes through 
a reduction process to iodine (I

-
) before root 

absorption, therefore, adsorption rate of iodate is 
slow, it is limited to reduction process [29]. In Fig. 
3, increase in concentration of iodine in fruits is 
described using low concentrations of iodide 
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applied foliar and substrate 0.5 mM in 
comparison with same dose of iodate. Regarding 
foliar applications of iodine, studies carried out 
found evidence of transport system and 
distribution of iodine through the phloem from 

leaves to fruits [11], although mechanisms of 
solute absorption by surfaces of leaves are not 
yet known exactly, stomata may play an 
important role in absorption of nutrients applied 
by air [54]. 

 

 
 

Fig. 1. Iodine concentration in flowering stage with applications of iodide and iodate to 
substrate and foliar 

Legend: Bar is standard error of means 
 

 
 

Fig. 2. Iodine concentration in maturity stage, in melon with applications of iodide and iodate 
to substrate and foliar 

Legend: Bar is standard error of means 
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Table 3. Effect of iodide and iodate on concentration of minerals in flowering stage, maturity and melon fruits 
 

Form Application Concentration N P K Ca Mg   Fe Cu Zn Mn 

     (mM I
-
) %   mg Kg

-1
 

Flowering stage (46 days after transplant) 

Iodide Substrate 0 5.35e
z
 0.42cde 1.56abc 2.32ab 0.59abc   87.67c 3.00a 27.33b 137.00c 

Iodide Foliar 0 5.51de 0.39ef 2.18a 2.36ab 0.61abc   130.00a 3.00a 30.00b 187.00ab 

Iodide Substrate 0.5 5.96d 0.57a 1.81abc 2.27ab 0.61abc   111.67abc 4.00a 40.33a 206.00a 

Iodide Foliar 0.5 6.87ab 0.53ab 1.34abc 2.31ab 0.52bc   110.00abc 3.67a 39.00a 186.00abc 

Iodide Substrate 1 7.22a 0.50abc 1.52abc 2.37ab 0.71a   110.00abc 2.67ab 28.33b 158.67abc 

Iodide Foliar 1 6.05cd 0.32f 2.02ab 2.54a 0.71a   92.00bc 3.00a 35.33ab 177.67abc 

Iodate Substrate 0 5.35e 0.42cde 1.56abc 2.32ab 0.59abc   87.67c 3.00a 27.33b 137.00c 

Iodate Foliar 0 5.51de 0.39ef 2.18a 2.36ab 0.61abc   130.00a 3.00a 30.00b 187.00ab 

Iodate Substrate 0.5 4.41f 0.38ef 1.11c 2.36ab 0.67ab   120.67ab 3.33a 32.67ab 155.33bc 

Iodate Foliar 0.5 7.23a 0.49abc 1.15bc 2.50a 0.72a   107.00abc 3.67a 29.33b 160.00abc 

Iodate Substrate 1 5.80de 0.47bcd 1.04c 2.29ab 0.49c   89.67bc 1.33b 35.00ab 159.00abc 

Iodate Foliar 1 6.59bc 0.42cde 1.71abc 2.12b 0.61abc   84.67c 3.33a 28.67b 150.67bc 

    LSD 0.59* 0.08* 0.89* 0.31* 0.17*  31.16* 1.51* 8.70* 49.60* 

Maturity stage (96 days after transplant) 

Iodide Substrate 0 3.78de 0.35a 2.25ab 0.10c 0.14de   388.67ab 8.00a 59.33a 81.33d 

Iodide Foliar 0 3.93cde 0.33a 2.21ab 0.09c 0.17de   354.33abc 7.67a 55.33a 94.00d 

Iodide Substrate 0.5 5.69a 0.32ab 0.53d 2.05a 0.30a   358.00ab 7.67a 53.67a 60.33e 

Iodide Foliar 0.5 4.97b 0.28b 0.73d 1.91ab 0.25b   379.67ab 7.00a 74.00a 92.33d 

Iodide Substrate 1 4.37bcd 0.33a 0.63d 1.89ab 0.26ab   144.67d 7.33a 69.67a 174.00a 

Iodide Foliar 1 3.99cde 0.32ab 1.22cd 1.40ab 0.22bc   334.67abc 8.33a 60.33a 98.67cd 

Iodate Substrate 0 3.78de 0.35a 2.25ab 0.10c 0.14de   388.67ab 8.00a 59.33a 81.33d 

Iodate Foliar 0 3.93cde 0.33a 2.21ab 0.09c 0.17de   354.33abc 7.67a 55.33a 94.00d 

Iodate Substrate 0.5 3.69e 0.31ab 1.08cd 1.38b 0.26ab   446.00a 7.33a 59.33a 115.33c 

Iodate Foliar 0.5 4.49bc 0.31ab 2.91a 0.14c 0.13e   280.00bcd 7.67a 66.33a 94.33d 

Iodate Substrate 1 5.00b 0.28b 1.54bc 0.60c 0.18cd   308.00abc 8.00a 60.20a 93.00d 

Iodate Foliar 1 4.14cde 0.32ab 1.85bc 0.12c 0.14de   210.00cd 7.33a 62.00a 151.00b 

    LSD 0.66* 0.05* 0.77* 0.65* 0.04*  144.35* 1.57* 21.07 20.47* 
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Form Application Concentration N P K Ca Mg   Fe Cu Zn Mn 

     (mM I
-
) %   mg Kg

-1
 

Fruits 

Iodide Substrate 0 3.29cd 0.29bc 2.72a 0.77cd 0.50ab   63.67bc 2.67bc 38.67b 5.33bcd 
Iodide Foliar 0 2.78d 0.27c 2.45a 0.80bcd 0.39ab   62.33bc 3.00abc 38.67b 7.67ab 
Iodide Substrate 0.5 5.59a 0.31bc 2.50a 0.61ef 0.51ab   49.33c 3.67ab 76.67a 5.83abcd 
Iodide Foliar 0.5 3.53bc 0.28bc 2.40a 0.98a 0.62a   66.00bc 2.00c 49.33ab 5.00cd 
Iodide Substrate 1 3.28cd 0.42a 2.14a 0.89abc 0.55a   87.33ab 3.33abc 41.00b 3.67d 
Iodide Foliar 1 4.08b 0.27c 2.41a 0.90ab 0.56a   99.33a 2.00c 31.00b 4.00cd 
Iodate Substrate 0 3.29cd 0.29bc 2.72a 0.77cd 0.50ab   63.67bc 2.67bc 38.67b 5.33bcd 
Iodate Foliar 0 2.78d 0.27c  2.45a 0.80bcd 0.39ab   62.33bc 3.00abc 38.67b 7.67ab 
Iodate Substrate 0.5 3.81bc 0.31bc  2.30a 0.53fg 0.33ab   59.00c 2.00c 33.33b 4.00cd 
Iodate Foliar 0.5 3.32cd 0.26c 2.69a 0.47g 0.42ab   89.00ab 3.67ab 31.33b 4.67cd 
Iodate Substrate 1 3.64bc 0.34abc 2.43a 0.72de 0.52ab   56.67c 4.33a 35.33b 6.33abc 
Iodate Foliar 1 3.96b 0.37ab 1.94a 0.55fg 0.23b   56.00c 4.00ab 43.67b 8.00a 
    LSD 0.62* 0.10* 0.81 0.12* 0.29*  23.85* 1.66* 27.67* 2.37* 

Z
= values with same letter are statistically equal accordance to the LSD at a test P= .05, *= significant difference at a P= .05 
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Fig. 3. Iodine concentration in melon fruits with applications of iodide and iodate to the 
substrate and foliar 

Legend: Bar is standard error of means 

 

4. CONCLUSION 
 

In our results with applications of iodide and 
iodate is possible accumulation of iodine in fruits. 
Plants can efficiently absorb and translocate 
sufficient quantities of iodine with low doses of 
0.5 mM iodide and iodate, without presenting 
phytotoxic effects. Therefore, from two forms of 
iodine application, iodate could be recommended 
form due to its slow release characteristics. 
However, more research is needed under 
controlled conditions to better understand impact 
of iodide and iodate. 
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